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Preface

The overall incidence and prevalence of thyroid disease, particularly thyroid
cancer, have both been increasing globally, mostly due to the scientific development and technological advances in diagnostic and therapeutic tools providing early detection and increased survival.
This increase is evident primarily in low-risk differentiated thyroid carcinomas, which confronts the clinician with the dilemma of performing overtreatment versus jeopardizing the patient while choosing a conservative
approach. Guidelines which have been prepared to standardize and clarify the
approaches to the thyroid diseases, depending on the researches that have
been made over the last two decades yielded a paradigm shift in favor of
behaving less invasive regarding surgery and radioiodine therapy. However,
as we discussed the daily cases in our endocrine multidisciplinary meeting,
we have recognized that the application of recommendations made in these
current evidence-based clinical practice guidelines to the real cases with their
unique features was not always as easy as it was thought. So, this observation
gave us the inspiration to compile this case-based book with the hope that the
cases might serve as a model in the solution of clinical situations that a clinical practitioner may face. Moreover, the effectuality of the case-based articles
as a learning tool has been well known and we think that the cases in this
book will provide a brief review of the literature.
This book also covers the cases with parathyroid diseases emphasizing the
utility of innovative modalities like 18F-Choline PET/CT in the localization
and minimally invasive and endoscopic parathyroid surgery in the surgical
excision of parathyroid adenomas.
All cases are from the daily practice of the renowned experts in nuclear
medicine, clinical endocrinology, and endocrine surgery.
Thyroid and Parathyroid Diseases: A Case-Based Guide is divided into
three parts. In Part I problems of benign thyroid diseases are discussed. Part
II covers the various clinical issues confronted in the diagnosis and care of
thyroid cancer. Part III is dedicated to the management of parathyroid diseases. We would like to thank all the contributors to the book. We thank our
colleagues who have provided support to the evaluation of the cases, but who
are not mentioned as authors in this book. We also wish to cordially thank
Corinna Hauser and Rakesh Kumar Jotheeswaran from Springer for their
assistance and input in the preparation of this book.
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We hope nuclear medicine, clinical endocrinology, oncology, and general
surgery specialists and residents who take care of patients with thyroid and
parathyroid diseases will benefit from this book.
Tamer Özülker
Mine Adaş
Istanbul, Turkey
Semra Günay
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Benign Thyroid Diseases
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Amiodarone-Induced
Thyrotoxicosis in a Patient
with Multinodular Goiter
Serpil Salman

Abstract

An old male who presented with atypical
symptoms was diagnosed with thyrotoxicosis.
He had multinodular goiter and was taking
amiodarone (probably intermittently for a
long time) for atrioventricular arrhythmias.
The findings were interpreted in favor of amiodarone thyroiditis, but it was difficult to distinguish the type of amiodarone-induced
thyrotoxicosis (AIT) because findings of both
type 1 and 2 AIT were observed. Combined
antithyroid drug (methimazole 20 mg/day)
and corticosteroid (prednisolone 40 mg/day)
were administered to treat both types of
AIT. Normal thyroid hormone levels were
found in the second week of treatment.
Hepatotoxicity and decreasing platelet count
developed as side effects of methimazole;
therefore, the drug was stopped. Prednisolone
was continued at the same dosage for 4 weeks
and tapered to 6–10 mg every 4 weeks.
Meanwhile, liver enzyme levels and platelet
count returned to acceptable levels, but there
was a risk of exacerbation. The patient was
operated during the fourth month of follow-up
when his cardiac problems were stable.

S. Salman
Istinye University Medical Faculty,
Department of Internal Medicine, Istanbul, Turkey

1.1

Case Presentation

A 74-year-old male was referred from a cardiology clinic because his thyroid-stimulating hormone (TSH) level was low during evaluation of a
relapsed atrial fibrillation (AF) episode. He presented with weakness, fatigue, depressive mood,
and palpitation. No typical hyperthyroidism symptoms, such as weight loss, sweating, and tremor,
were observed. Oral amiodarone treatment was
administered for 2 years and withdrawn 1.5 years
ago. Since withdrawal, some infusions were
administered at different medical centers for recurrent episodes of cardiac arrhythmia. Following a
new AF episode with fast ventricular response,
oral amiodarone of 200 mg/day was administered
for 2 months. He had multinodular goiter (MNG)
for a few years. He had no history of thyroid dysfunction, and he underwent his last checkup 1 year
ago. Coronary artery bypass graft operation was
performed 14 years ago. He was receiving aspirin
100 mg o.d., candesartan 16 mg o.d., and bisoprolol 5 mg b.i.d.
On physical examination, the patient was conscious and oriented but looked depressed and
pale. His body mass index was 35.5 kg/m2
(105 kg/172 cm), blood pressure was
130/80 mmHg, and arrhythmic heart rate was
110 beats/min. The thyroid gland was enlarged,
bilateral nodules measuring 1–2 cm. There was
no sign of thyroid eye disease or pretibial
myxedema.
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Laboratory test in the cardiology clinic
revealed TSH levels of 0.054 (0.27–4.20) uIU/
mL, free triiodothyronine (fT3) of 3.41 (2.0–
4.4) pg/mL, and free thyroxine (fT4) of 1.92
(0.93–1.70) ng/dL. The cardiologist advised continuing amiodarone treatment.

1.2

Discussion

1.2.1

Evaluation and Diagnosis

The initial laboratory workup in the cardiology
clinic showed mild hyperthyroidism, but after
5 days, the levels worsened as follows: TSH level
of <0.001 (0.27–4.20) uIU/mL, total T3 level of
237 (83–200) ng/dL, fT3 level of 4.96
(2.0–4.40) pg/mL, and fT4 level of 4.11

(0.93–1.70) ng/dL. An effective treatment for

thyrotoxicosis was needed because it is an important factor for the redevelopment of atrioventricular arrhythmias and exacerbation of ischemic
heart disease or heart failure particularly in old
age [1].
Detailed investigation of every patient is
essential for an appropriate treatment plan for
thyrotoxicosis. In addition to toxic MNG, other
main causes of thyrotoxicosis accompanying
euthyroid MNG should be considered in the present patient; these include autoimmune thyroid
disease (Graves’ disease), subacute thyroiditis,
and intake of exogenous thyroxine and/or iodine
(including amiodarone, iodine radiocontrast
agent, and supplements). For initial workup, thyroid function tests, thyroid ultrasonography, and
if possible thyroid uptake/scan are necessary [2].
Thyroglobulin testing works only in patients suspected of factitiously taking thyroxine whose
scintigraphy test shows no uptake. Thyroglobulin
testing is not needed for the diagnosis of other
causes of thyrotoxicosis [2].
As previously mentioned, at first visit, the
TSH level was low, and thyroid hormone levels
(particularly FT4 levels) were high. Laboratory
results revealed no abnormality except for a
mildly decreased platelet count: TSH receptor
antibody (TRAb) 0.37 (<1.75) IU/L, anti-thyroperoxidase (anti-TPO) level of 11 (<34) IU/mL,

anti-thyroglobulin (anti-Tg) level of 10
(<115) IU/mL, aspartate aminotransferase (AST)
level of 29 (0–40) U/L, alanine aminotransferase
(ALT) level of 37 (0–41) U/L, alkaline phosphatase (ALP) level of 50 (40–130) U/L, total bilirubin level of 0.71 (0.20–1.10) mg/dL, creatinine
level of 0.75 (0.70–1.20) mg/dL, erythrocyte
sedimentation rate (ESR) of 18 (0–20) mm/h,
C-reactive protein level of 3.25 (0–5) mg/L,
white blood cell count of 4800/mm3, hemoglobin
level of 14.0 g/dL, and platelet count of 136,000/
mm3 (163,000–337,000). On thyroid ultrasonography, bilaterally enlarged thyroid gland with
mixed nodules (maximum 27 mm in diameter)
was observed, and color-flow Doppler sonography revealed no hypervascularity. Technetium99m pertechnetate scan showed no uptake (0%).
According to these results, this was a case of
thyrotoxicosis with an absent radioactive iodine
uptake (RAIU) over the neck. The causes of normal or elevated RAIU, such as Graves’ disease,
toxic MNG, and resistance to thyroid hormone,
were excluded [2]. Normal levels of thyroid antibodies, namely, TRAb, anti-TPO, and anti-Tg,
were the other reasons for excluding Graves’
disease. A near-absent RAIU can be associated
with amiodarone-induced thyroiditis, painless
(silent) thyroiditis, subacute (granulomatous, de
Quervain’s) thyroiditis, palpation thyroiditis, iatrogenic thyrotoxicosis, factitious ingestion of
thyroid hormone, struma ovarii, acute thyroiditis,
and extensive metastases from follicular thyroid
cancer. In the present study, most of the possibilities were excluded according to history, physical
examination, and laboratory results: Subacute
thyroiditis is one of the main causes of lowuptake thyrotoxicosis, but it is generally painful,
and high ESR is characteristic. Painless thyroiditis is mostly observed in women during postpartum period who have a personal or family history
of autoimmune thyroid disease and typically
have anti-TPO positivity. Struma ovarii is a disease that occurs in women (our patient was an old
man). Our patient had no history of high-pressure
neck palpation or taking thyroid hormone. Acute
thyroiditis and extensive metastases from follicular thyroid cancer are very rare. In our case,
RAIU was reported as to be low as 0%. It is rarely
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<1% unless the iodine exposure is reoccurring,
such as during amiodarone treatment [2]. Our
patient was administered some drug infusions for
the refractory arrhythmias in the last 1.5 years,
and these were probably amiodarone infusions.
Besides, the patient had long-term oral amiodarone use in the period before the l.5 years and in
the near past. Based on history, clinical, and laboratory findings, AIT was the most likely
diagnosis.
Amiodarone is a commonly used antiarrhythmic drug worldwide. It is a benzofuran compound
that contains approximately 37% iodine by
weight; therefore, a patient taking a standard
200 mg oral daily dose of amiodarone ingests
75 mg of organic iodine each day [3]. Amiodarone
infusion is also an option for medical therapeutic
management of severe arrhythmias as it is a rich
source of iodine. It is very lipophilic and accumulates in the adipose tissue, cardiac and skeletal
muscles, and thyroid gland. An initial 50% reduction in plasma concentration 3–10 days after cessation of chronic therapy is followed by a longer
terminal half-life of 13–142 days as tissue stores
deplete [4].
To verify iodine load due to amiodarone, spot
urine sample (creatinine corrected) was sent to
the laboratory, but the assay results could not be
obtained within 1 week. Thus, treatment had to
be planned empirically (the result was found to
be very high at 3799 mcg/g creatinine on the fifth
day of treatment).
There are two types of AIT. Differentiating
between the types is necessary because their therapies differ. In type 1, the problem is increased
synthesis of thyroid hormone due to substrate
(i.e., iodine) load. This type may occur in patients
with underlying MNG or latent Graves’ disease.
High vascularity in color-flow Doppler sonography, T4/T3 ratio of <4, normal/slightly increased
serum interleukin-6 (IL-6) level, and normal/
increased thyroidal RAIU indicate a type 1
AIT. In addition, antibodies test positive if type 1
AIT is related to Graves’ disease. In type 2, there
is an excess release of T4 and T3 due to destructive thyroiditis caused by direct amiodarone toxicity on follicular cells. Clinical features of type 2
AIT are small, diffuse, firm, and occasionally
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tender gland on palpation, absent vascularity in
color-flow Doppler sonography, T4/T3 ratio of
>4, profoundly increased serum IL-6 level, and
low/absent thyroidal RAIU [2, 5, 6].
In the present case, IL-6 level was found to be
7.1 (normal: <5.9) ng/mL, indicating type 1
AIT. The patient had features of both type 1 (nodular goiter, T4/T3 ratio of <4, and slightly
increased IL-6 level) and type 2 (absent thyroid
uptake, no vascularity) AIT. Therefore, the type
of AIT could not be determined based on these
results. Differentiating between the two types of
AIT can frequently be difficult because most criteria are not highly specific and thyroid evaluation by Doppler requires an experienced
sonographer. Indeed, both conditions may also
coexist in a person. Combined antithyroid drug
and corticosteroid therapy should be used to treat
patients in whom the etiology of thyrotoxicosis
cannot be unequivocally determined [2].
The clinical manifestations of hyperthyroidism were not prominent in our patient as expected
to be seen in old age [1]. Amiodarone use can
also mask symptoms in two ways: its beta-blocking activity minimizes adrenergic manifestations
of excess thyroid hormone, and amiodarone
metabolites may block binding of T3 to its
nuclear receptor [7].
The time of amiodarone toxicity occurrence is
unpredictable. Toxicity can occur in both shortand long-term uses as well as after drug withdrawal. According to Tomisti et al., the factors
associated with a shorter time of onset are type 1
AIT, larger thyroid volume, and larger body surface area [8]. In our patient, AIT developed after
a long time-irregular drug use. He was obese and
had a large goiter. There was no information
about his thyroid hormone levels from the previous year until the recent evaluation, which suggested the necessity for checkup at 3–6-month
intervals [6], even after amiodarone withdrawal
for at least 2 years [8].

1.2.2

Management

One question was whether amiodarone treatment
could be continued. The recommendation of
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2016 American Thyroid Association (ATA)
Guideline [2] for the need to discontinue amiodarone states that “It is controversial because (1)
this drug is frequently the only medication able to
control cardiac arrhythmia, (2) the effects of this
fat-soluble drug may persist for many months,
(3) amiodarone may have T3-antagonistic properties at the cardiac level and inhibit T4 to T3
conversion in the heart such that withdrawal may
actually aggravate cardiac manifestations of thyrotoxicosis. Deaths from ventricular fibrillation
have occurred after stopping amiodarone in
patients with AIT. In addition, type 2 AIT typically responds to treatment even if amiodarone
therapy is continued, but continuation may lead
to a more prolonged time to recovery and a higher
rate of future recurrences of AIT.” An alternative
is dronedarone, which is a non-iodinated benzofuran derivative of amiodarone. It is relatively
safe but does not sufficiently replicate the effects
of amiodarone [5], and it is not available in our
country. Thus, there was no effective alternative
drug for our patient, and amiodarone was continued at a low dose of 200 mg because of his refractory arrhythmias.
For thyrotoxicosis, methimazole 20 mg and
prednisone 40 mg were started, although the suggested starting dosage of methimazole is higher
(40 mg/day) [2]. On the second week of treatment, the total T3, fT3, and fT4 levels normalized, but liver enzyme (such as AST, ALT, and
GGT) levels were 3–4 times higher than the
upper limit, and platelet count decreased from
136,000 to 55,000/mm3. Bilirubin level remained
in the normal range. Both hematology and hepatology consultations suggested discontinuation
of aspirin and methimazole treatments. Therefore,
both drugs were stopped. Two weeks later, liver
enzyme and platelet levels normalized, and fT3
and/or fT4 levels were not increasing. The rapid
response indicated type 2 AIT; prednisolone
40 mg/day was continued for another 4 weeks
and was tapered to 6–10 mg every 4 weeks.
Meanwhile, a new exacerbation of atrioventricular arrhythmia developed. Transthoracic Doppler
echocardiography revealed diffuse hypokinesis
of the left ventricle where the ejection fraction
decreased from 52% to 38% and pulmonary arte-

rial pressure increased from 45 to 56 mmHg
compared with evaluation at attendance. No
thrombus was noted on transesophageal echocardiography. A successful cardioversion was performed, and warfarin treatment was started.
During the fourth month of follow-up, his thyroid hormone levels were again at the upper limit,
his urinary iodine was 932 mcg/g creatinine, and
he was on sinus rhythm. A permanent solution
was needed because, in case of a new thyroid
exacerbation, there is no reliable treatment
option, such as antithyroid medication or plasmapheresis (having platelets at the lower limit).
Moreover, RAI therapy, which is usually not feasible in patients with AIT, because of low RAIU
[9], was not applicable to our patient.
Thyroidectomy was a valid option and was not
delayed considering the risk of hemodynamic
status deterioration [10].

1.2.3

Follow-Up and Outcome

At the end of the fourth month, the patient’s cardiac problems, platelet count (137,000/mm3), and
thyroid function test results had stabilized, and
total thyroidectomy was performed under steroid
management. After the surgery, it is a routine
procedure to wait for the pathological report and
to endogenously check the stimulated thyroglobulin level during the third week for detecting any
malignancy before starting thyroxine replacement. However, thyroxine replacement was given
just after thyroidectomy because of cardiac risk.
On pathological examination, one of the nodules
showed tumor with a low risk (6 mm, follicular
variant papillary, T1NxMx). Thyroxine replacement was continued and targeted at TSH level of
0.5–2.0 uIU/mL in accordance with the 2015
ATA Guideline [11]. During his last visit, his
thyroglobulin level was <0.1 ng/mL, and his TSH
level was 1.2 uIU/mL.

1.2.4

Future

There is a need to improve the decisive criteria
for differentiating between type 1 and type 2 AIT.
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What Can We Learn from This Case?

• The clinical manifestations of hyperthyroidism are not typical in old age, particularly in amiodarone users.
• During the evaluation of thyrotoxicosis
in patients with underlying cardiac
rhythm problem, even though there is no
information about amiodarone use, the
possibility of AIT should be investigated
because some patients do not inform
about any medication they took during
heart attacks.
• Differentiating between the two types of
AIT is important, even though it can
frequently be difficult, and both
conditions may coexist.
• If differentiation is not possible, treating
both with antithyroid medication and
steroids to control symptoms is necessary.
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Factitious Hyperthyroidism
Ayşe Kubat Üzüm and Gülşah Yenidünya Yalın

Abstract

Hyperthyroidism is generally characterized by
symptoms of anxiety, fatigue, palpitations,
tremor, heat intolerance, increased perspiration, and weight loss. The most common cause
of endogenous hyperthyroidism is Graves’
disease. However, the presence of exogenous
hyperthyroidism should also be considered in
the presence of hyperthyroidism symptoms in
patients who are receiving levothyroxine
replacement therapy. The term “exogenous
hyperthyroidism” is used to describe hyperthyroidism caused by ingestion of excessive
amounts of thyroid hormone. This is generally
due to high dose of levothyroxine replacement
which is aimed for TSH suppression during
the treatment of thyroid carcinoma. However,
it may also occur in patients with psychiatric
disorders when they take excessive doses of
thyroid hormone intentionally, especially
when they aim to draw attention. This condition is termed “thyrotoxicosis factitia.” We
hereby present a case with thyrotoxicosis factitia and the challenges during the process of
diagnosis.
A. K. Üzüm
Division of Endocrinology and Metabolism,
Department of Internal Medicine, Istanbul Faculty of
Medicine, Istanbul University, Istanbul, Turkey
G. Y. Yalın (*)
Department of Endocrinology, Başkent University
Istanbul Hospital, Istanbul, Turkey

2.1

Case Presentation

A 19-year-old female patient was admitted to our
endocrinology outpatient clinic with symptoms
of palpitation, tremor, heat intolerance, increased
perspiration, and weight loss. She had been practicing as a nursing student, and her complaints
had started 2 months ago after she had started a
new educational program in the cardiology
department. On her physical examination, her
skin was warm and moist, heart rate was 122/
min, and blood pressure was 145/80 mmHg.
Cardiopulmonary and abdominal examination
was unremarkable. The thyroid gland was nonpalpable and painless. No sign of thyroid orbitopathy or pretibial edema was noted. Laboratory
results were as follows: TSH, <0.001 mIU/L
(0.27–4.2 mIU/L); free T4, 46 pmol/L (12–
22 pmol/L); free T3, 9.3 pmol/L (3.1–6.8 pmol/L);
anti-TPO, 10 IU/mL (0–34 IU/mL); anti-Tg,
32 IU/mL (0–115 IU/mL); thyroid stimulating
immunoglobulin (TSI) < 1 U/L (negative); WBC,
5600/μL; Hgb, 12 g/dL; Hct, 36%; Plt, 160000/
μL; ALT, 28 U/L; erythrocyte sedimentation rate,
10 mm/h; CRP < 5 mg/L; and β-HCG < 0.1 mLU/
mL. Thyroid ultrasonography (USG) showed a
homogenous parenchymal structure with normal
gland size and vasculature. Scintigraphy of thyroid gland demonstrated low technetium-99m
uptake (1%). The patient denied the presence of
any prior medication or treatment that may have
affected thyroid functions and had no known
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p revious iodine administration in her history. The
initial diagnosis was presumed as silent thyroiditis, and beta-blocker treatment with propranolol
40 mg b.i.d. was initiated to ameliorate patient’s
symptoms. However, her condition gradually
deteriorated, and free T4 levels continued to rise
without any evident reason (fT4: 54 pmol/L). The
patient denied consuming meat products which
made ingestion of desiccated thyroid tissue and
“hamburger hyperthyroidism” unlikely. Struma
ovarii and factitious hyperthyroidism were also
considered in the differential diagnosis. In order
to rule out factitious hyperthyroidism, plasma
thyroglobulin (Tg) level was assessed, and the
result was extremely low (Tg < 0.1 ng/mL)
despite the presence of hyperthyroidism. This
finding confirmed factitious hyperthyroidism. On
confrontation, the patient once again denied
using any medication including levothyroxine.
The patient was isolated to a private room with
24-h surveillance to ensure the cessation of levothyroxine ingestion. Cholestyramine treatment
4 × 4 g was initiated in order to prevent absorption of possible recent L-thyroxine ingestion, and
the patient was consulted with the psychiatrists.
After 7 days of cholestyramine treatment, fT4
levels decreased gradually (fT4:27 pmol/L).

2.2

Discussion

2.2.1

Evaluation and Diagnosis

The classic symptoms of hyperthyroidism are
weight loss, heat intolerance, tremor, palpitations, anxiety, increased frequency of bowel
movements, and shortness of breath. Factitious
hyperthyroidism is a form of exogenous hyperthyroidism caused by the surreptitious use of thyroid hormone. As there is no de novo thyroid
hormone secretion from the thyroid gland, it is
considered that this condition should, in fact, be
called “thyrotoxicosis factitia” [1]. The symptoms and signs in patients who take excessive
doses of thyroid hormone are also similar to
those in patients with hyperthyroidism due to
other etiological factors such as Graves’ disease.
However, the laboratory findings may simply

lead the physician to the accurate diagnosis when
a cautious clinical evaluation is performed.
In a patient with symptoms of palpitations,
tremor, heat intolerance, increased perspiration,
and weight loss such as in our case, thyroid
function tests should always be evaluated.
Presence of diffuse goiter, ophthalmopathy, and
pretibial myxedema may be indicative of Graves’
disease which is the most common cause of
endogenous hyperthyroidism [2]. Presence of
thyroid bruit on auscultation, a greater increase in
fT3 levels with respect to fT4 levels, and TRAB
positivity are supportive findings for Graves’
disease [3]. Radioactive iodine uptake (RAIU) is
high on thyroid scintigraphy in Graves’ disease
indicating de novo synthesis of thyroid hormone
[3]. Low RAIU may be associated with
thyroiditis, iodine contamination (due to
radiocontrast agents or medications like
amiodarone), struma ovarii, or factitious
hyperthyroidism. Therefore, uptake with thyroid
scintigraphy can be helpful in the differential
diagnosis by distinguishing presence of de novo
synthesis of thyroid hormone (normal or high
uptake) or release of preformed hormone into the
circulation from destruction of thyroid tissue
(low uptake) or an extrathyroidal source of
thyroid hormone as in factitious hyperthyroidism
(nearly absent uptake) [4].
In this patient, lack of diffuse goiter and thyroid orbitopathy with negative autoantibody levels helped exclude the diagnosis of Graves’
disease. Serum β-HCG level was low, eliminating
the possibility of gestational thyrotoxicosis.
Therefore, a thyroid scintigraphy was performed
after pregnancy was ruled out. Presence of
pregnancy should always be ruled out in
hyperthyroid young women who are at the
reproductive age before thyroid scintigraphy is
performed [4]. Low technetium-99m uptake
results in thyroid scintigraphy could be
associated with subclinical thyroiditis, iodine
exposure, silent thyroiditis, “hamburger
thyroiditis” [5], struma ovarii, or factitious
hyperthyroidism [4].“Hamburger thyroiditis” is
a novel form of exogenous hyperthyroidism
caused by the ingestion of bovine thyroid tissue
which is inadvertently consumed with the
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hamburger meat that consists of bovine thyroid
gland in ground beef [5]. Normal acute phase
reactants and lack of neck pain and tenderness
on thyroid palpation eliminated the possibility of
subacute thyroiditis. As the patient denied iodine
exposure and consuming red meat recently,
iodine exposure and hamburger thyroiditis were
ruled out. Silent thyroiditis was presumed in the
initial diagnosis, and beta-blocker treatment was
administered to control symptoms. However,
patient’s symptoms and fT4 levels increased
gradually and as silent thyroiditis is generally
associated with mild hyperthyroidism which
lasts shorter than 2 months. Struma ovarii and
factitious hyperthyroidism were also suspected.
The
primary
finding
of
exogenous
hyperthyroidism is undetectable Tg levels in the
presence of high thyroid hormone levels [4]. Tg
is released along with thyroid hormone secretion
during endogenous hyperthyroidism, whereas its
release is suppressed in the setting of exogenous
thyroid hormone administration [4]. As Tg levels
would be high in struma ovarii due to ectopic
thyroid hormone synthesis in ovarian tissue, this
diagnosis was excluded. Furthermore, clinical
and biochemical features of hyperthyroidism are
generally uncommon in women with struma
ovarii. Diagnosis of factitious hyperthyroidism
was established in this patient based on small
thyroid gland size, negative autoantibody levels,
low uptake on thyroid scintigraphy, and
undetectable Tg levels despite the presence of
hyperthyroidism. However, it should also be
kept in mind that anti-Tg levels should always be
measured as well, whenever it is necessary to
evaluate Tg levels, because high antibody titers
may cause falsely decreased levels of Tg
measurements in immunometric assays. In this
patient, anti-Tg levels were also low eliminating
any interference during the immunometric
assays. For difficult cases where thyrotoxicosis
factitia is suspected but Tg is either not
suppressed probably because of goiter, or
suppressed but not reliable due to the presence of
high anti-Tg antibodies, fecal T4 measurement is
reported to be useful. In one study, fecal T4
values were approximately 0.8 μg/g (1 nmol/g)
in normal subjects, and the levels increased
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twofold in patients with Graves’ hyperthyroidism
and 12–24-fold in patients with exogenous
hyperthyroidism [6].

2.3

Management

Treatment for factitious hyperthyroidism is simply
the cessation of the exogenous use of thyroid
hormone. Therefore, it is essential to keep this
diagnosis in mind during the differential diagnosis
of hyperthyroidism as antithyroid medications
(thionamides) or other conservative treatment
methods would fail as long as the patient kept on
taking levothyroxine surreptitiously. Usually,
withdrawal treatment alone is sufficient for
patients with mild to moderate hyperthyroidism
[7]. After the discontinuation of levothyroxine,
serum T4 levels decrease by 50% in 7 days, and T3
is cleared even more rapidly as serum half-life
time is about 1–2 days [7]. However, additional
therapy may be beneficial in more symptomatic
patients. Beta-adrenergic antagonist drugs relieve
many of the symptoms of hyperthyroidism
promptly by inhibiting the peripheral conversion
of T4 to T3. Radiographic contrast agents like
ipodate or iopanoic acid may also inhibit T4
conversion to T3. However, these drugs are not
routinely preferred because of their adverse effects
on bone marrow tissue [1]. It is generally
recommended that these agents should not be used
longer than 7 days in patients with factitious
hyperthyroidism [1].
In patients who are surreptitiously taking T4,
cholestyramine can be given to bind T4 and T3 in
the intestine, thereby interrupting the
physiological absorption and enterohepatic
circulation of the two hormones [8]. The usual
dose is 4 g four times a day. Patients with more
severe hyperthyroidism and vigorous symptoms
(such as atrial fibrillation or congestive heart
failure) due to massive thyroid hormone overdose
may benefit from plasmapheresis and exchange
transfusion [9]. However, in general, conservative
management is usually sufficient in the
management of patients with mild to moderate
hyperthyroidism [10].

A. K. Üzüm and G. Y. Yalın
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One important aspect in the follow up of these
patients after the cessation of levothyroxine is to
be alert for the development of transient hypothyroidism. As the TSH levels are suppressed, these
patients usually experience a brief period of transient hypothyroidism after the discontinuation of
levothyroxine [1], and levothyroxine replacement
may be necessary in physiological doses until the
recovery of the pituitary-thyroid axis.

What Can We Learn from This Case?

• The classic symptoms of hyperthyroidism
are weight loss, heat intolerance, tremor,
palpitations, anxiety, increased frequency
of bowel movements, and shortness of
breath. In the presence of these
symptoms, thyroid function tests should
always be evaluated.
• Factitious hyperthyroidism is a form of
exogenous hyperthyroidism caused by the
surreptitious use of thyroid hormone.
Factitious ingestion of thyroid hormone
can be distinguished from other causes of
thyrotoxicosis by a low serum thyroglobulin level and a near-zero RAIU.
• Antithyroid medications (thionamides) or
other conservative treatment methods
would fail as long as the patient continues
to use levothyroxine. Therefore, it is
substantial
to
keep
factitious
hyperthyroidism in mind for the
differential diagnosis of hyperthyroidism.
• Physicians should be cautious during the
follow up of these patients for the onset
of transient hypothyroidism until the
recovery of the thyroid-pituitary axis.
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Management of Resistant
Hyperthyroidism Following
Obesity Surgery
Mehmet Çelik and Atakan Sezer

Abstract

The number of bariatric surgical procedures
performed in recent years has increased significantly, because bariatric surgery is still the
most effective and permanent treatment for
severe obesity. A comprehensive surgical
screening by a multidisciplinary team of bariatric surgical patients is important in order to
prepare patients for successful outcomes.
Although postoperative thyrotoxicosis is
rarely seen in morbidly obese patients, hyperthyroidism has not been reported. Bariatric
surgery, especially malabsorptive type, may
result in mineral deficiency and malabsorption
of medications used in treatment, about which
clinicians must be alert.
In this report, we aimed to present the difficulties in oral medical replacement treatment
after thyroid surgery for hyperthyroidism in a
patient with previous bariatric surgery.
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3.1

Case Presentation

A 44-year-old female patient was admitted to the
outpatient clinic with palpitation, tremor in the
hands, and elevated blood glucose level. The
medical history of the patient revealed an ileal
interposition surgery 3 years ago when the
patient has a body mass index of 42.1 kg/m2.
After obesity surgery, the patient lost 40 kg during 2 years. Physical examination on admission
demonstrated as blood pressure, 120/80 mm/Hg;
pulse, 105/min; body height, 165 cm; body
weight, 70 kg (BMI, 25.7); Hertel exophthalmometer value, 18 mm; and NO SPECS 2
exophthalmos. Laboratory examination findings
were as follows: TSH, 0.001 (n, 0.55–4.78 μIU/ml);
FT4, 2.84 (N, 0.8–1.8 ng/dl); FT3, 10.48 (N,
2–4.2 pg/ml); anti-thyroglobulin antibody,
30.5(0–60 IU/ml); anti-TPO antibody, 830.9
(0–60 IU/ml); TSH receptor antibody (+); glucose, 354 (70–105 mg/dl); creatinine, 0.61
(0.57–1.11 mg/dl); albumin, 3.9 (3.2–5.2 g/dl);
calcium, 8.6 (8.4–10.2 mg/dl); phosphorus, 4.9
(2.3–4.7 mg/dl); intact parathyroid hormone,
277.4 (14–72 pg/ml); 25-OH-vitamin D, 3 (24–
50 Ng/ml); and HbA1C, 11.5 (3.6–5.8%). Bolusbasal insulin treatment four times a day was
prescribed for blood glucose regulation. The
hyperthyroidism symptoms had been first diagnosed in the first postoperative year, and propyl-
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thiouracil 3 × 3 and propranolol 2 × 1 per day
had been prescribed for the treatment. Although
normoglycemia was achieved, the patient had
still hyperthyroidism symptoms despite 1.5 years
of high-dose oral antithyroid treatment. The
patient’s neck ultrasonography (USG) examination revealed thyroid gland with increased lobulated borders and parenchymal heterogeneity.
There was a 10 × 11 × 14 mm sized hypoechoic
nodule in the left lobe with undefined borders
and peripheral vascularization. Technetium-99m
pertechnetate thyroid scintigraphy showed diffusely enlarged thyroid gland with increased
uptake and normoactive nodule, which was,
detected on the neck USG examination. Vitamin
B12, vitamin D deficiency, and refractory hyperthyroidism were observed in the patient, although
replacement therapy was done and malabsorption of medical treatment was considered. In
addition, cholestyramine 3 × 4 g/day treatment
was commenced due to elevated liver enzymes
and persistent hyperthyroidism despite highdose antithyroid medication. The Dunhill procedure was used to preserve endogenous thyroid
hormone secretion in the patient. The patient
was discharged on the second postoperative day.
The patient was euthyroid at 6 weeks postoperatively. The patient was scheduled for thyroid surgery and underwent Dunhill procedure to
maintain endogen thyroid hormone secretion.
The patient was discharged on second day postoperative uneventfully, and on the first month
postoperative visit, the patient was in euthyroid
state.

3.2

Discussion

Obesity is defined as the accumulation of extraordinary or excessive fat tissue, which impairs fitness, ensuing in cardiovascular pathologies,
diabetes mellitus, metabolic syndrome, musculoskeletal disorders, and psychiatric issues [1, 2].
The National Health and Nutrition Examination
Survey (2007–2010) established the prevalence
of obesity as 40.8% between 65 and 74 years in
adult US citizens. Currently approximately 30%
of people are overweight (body mass index

(BMI) > 25) or obese (BMI > 30) around the
world [3–9].
Even though right strategies to check frame
fats exist, the measurement of body fat with the
aid of those techniques is pricey and is frequently
not conveniently available to most clinicians.
Surrogate measures are critical in evaluating
body fat, body mass index (BMI) (Table 3.1), and
waist circumference (Table 3.2) [10–12].
A comprehensive and detailed history of the
patient’s obesity should be taken, and the following situations should be questioned. Obesity
should be learned from the age of onset, duration,
and application. The family history of obesity
and related diseases (such as type 2 diabetes, HT,
CVD, dyslipidemia, and OSAS) in the family and
among first-degree relatives should be questioned. A detailed nutritional history (e.g., eating
lunch) should be taken, including eating habits
and eating behavior. Alcohol consumption,
smoking, and drug habit should be questioned.
Drugs and illnesses leading to secondary obesity
should be asked. If there is no evidence of
endocrine disease in history and physical
examination, endocrine examination and
investigation are not recommended.
It is important to prevent weight gain and
detect concomitant other factors in subjects with
BMI ≥25 kg/m2 or waist circumference above
Table 3.1 Classifications for BMI [10]
Classifications
Underweight
Normal weight
Overweight
Obesity (class 1)
Obesity (class 2)
Extreme obesity (class 3)

BMI (kg/m2)
<18.5
18.5–24.9
25–29.9
30–34.9
35–39.9
≥40

Table 3.2 Waist circumference values specific to the
populations used for the diagnosis of obesity [11, 12]
Society/ethnic group
USA
Europe
Turkey
China
Japan

Waist circumference (cm)
Man
Woman
102
88
94
80
100
90
90
80
85
90
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80 cm for females and 94 cm for males. In the
evaluation of obese patients, obesity-related
history should be taken, and physical examination
should be performed to determine the degree and
type of obesity; the reasons for secondary obesity
and obesity-related complications should be evaluated. The treatment of obesity aims to reduce
obesity-related morbidity and mortality risks, to
get patient adopt an adequate and balanced nutrition habit and enhance the quality of life. In the
course of obesity treatment, 10% weight loss
achieved during the first 6-month period provides
an important benefit in the prevention of obesityrelated health problems. The first step of the management is to comprehend current situation of
obese patient and to create a comprehensive program. Diet program should be individualized and
be prepared by nutritionists and dietitians.
Increasing physical activity is very important
both in the treatment of obesity and maintaining
ideal weight. The aim of increasing physical
activity in obese patients is to permanently modify lifestyle and ensure a less sedentary and more
active life. In general, a moderate level physical
activity (for any age group, about 30–45 min/day
in each day of the week, if possible) should be
recommended. Recommendations for increasing
physical activity must be individualized, and sustainability must be checked. The most important
factors affecting the success of obesity treatment
are constant monitorization, effective and longterm social and psychological support, and
behavioral therapy. The primary condition of permanent and effective weight loss is to motivate
patient by convincing him/her of success.
Pharmacological therapy should be considered
for patients with BMI >30 kg/m2, who failed to
lose weight with diet, exercise, and life changes;
patients with BMI 27–29.9 kg/m2 who have
comorbidities (type 2 diabetes, coronary artery
disease, cerebrovascular disease, hypertension,
dyslipidemia); and patients with BMI 25–29.9 kg/
m2 and waist circumference of >101 cm for men
and >87 cm in women. The main groups of drugs
used in the treatment of obesity include centrally
acting drugs affecting food intake, drugs that
interfere peripheral food absorption, and drugs
which increase energy expenditure. In case of
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ineffective treatment, surgical treatment may be
considered in patients with BMI >40 kg/m2, BMI
>35 kg/m2, and obesity-related comorbidities
(e.g., type 2 diabetes, OSAS, severe HT) uncontrolled by medical treatment and lifestyle changes
and in cases who have failed to lose weight with
nonsurgical methods. Obesity surgery (bariatric
surgery) methods include:
1. Restrictive method limiting food intake:
Vertical banded gastroplasty (VBG) and laparoscopic adjustable gastric band (LAGB)
2. Surgery for malabsorption: Jejunoileal bypass
(JİB) and duodenal switch (DS)
3. Restrictive and malabsorptive combined procedures: Roux-en-Y gastric bypass (RYGB),
biliopancreatic diversion (BPD), and biliopancreatic diversion/duodenal switch (BPD/
DS) [13–20]
The aim of surgical treatment is to reduce obesity-related morbidity and mortality and correct
metabolic and organ functions. Despite important
developments in technical issues, nursing and
follow-up after bariatric operations, risk, and
perioperative complications are still encountered.
Therefore, selecting suitable patient and technique is very important. RYGB, SG, and AGB
are recently the most preferred surgical techniques. Weight loss is more pronounced in surgical techniques aiming malabsorption. Patients
with significant cardiovascular risk should be
monitored during the first 24 h after operation. In
postoperative period, antihypertensive and antidiabetic medications should be revised, and dose
reduction should be considered. During this
period, prophylaxis for deep vein thrombosis is
given, and pulmonary rehabilitation is carried out
to restore pulmonary functions. Nutrition intake
is commenced under supervision of a dietician,
and 1.5 L/day oral liquid intake (with gradually
increasing the amount) should be ensured. The
most common complications seen in this period
are pulmonary embolism and intestinal leak. In
addition, some other complications such as secondary hyperparathyroidism, stomal obstruction,
short bowel syndrome, hypercalcemia, marginal
ulcerations, distension of gastric remnant, chole-
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lithiasis, hernia, renal failure, hepatic abnormalities, damping syndrome, gastric prolapse,
vomiting, esophagitis, and reflux may be seen
depending on the type of bariatric surgery. The
patient is given a detailed diet program before
discharge. Patients are discharged on postoperative fourth to sixth day under normal conditions.
Soft foods are commenced after 2 weeks, and
solid foods are gradually added.
A diet program including 60–120 mg protein
should be given to prevent protein malnutrition.
All patients should be motivated by moderateintensity physical activity (30 min daily, at least
150 min/week) after discharge. Folic acid and
vitamin A, E, and K deficiencies may develop in
the course of time. 1200–1500 mg/day calcium
and 400–800 U/day vitamin D are required to
meet daily requirements. Alcohol should be
avoided during the first 6–12 months after
operation.
Before therapy, the clinician must keep in
mind that the effect of various bariatric surgical
procedures on drug absorption and metabolism
are scarce. Then again, malabsorptive techniques
that extensively exclude the proximal part of the
small gut lower the surface area in which most
drug absorption takes place and can result in a
reduction
in
systemic
bioavailability.
Nonsteroidal anti-inflammatory capsules should
be avoided entirely after bariatric surgical procedure, if possible because they were implicated in
the improvement of anastomotic ulcerations/perforations. Definitive restoration of asymptomatic
abdominal wall hernias may be deferred until
weight loss stabilization, and dietary status is
stepped forward to allow adequate recuperation
(12–18 months after bariatric surgery).
Follow-up visits were scheduled at the end of
the 1st, 3rd, 6th, and 12th month. Pre- and
postoperative workup included physical examination, detailed laboratory (complete blood count,

liver and renal function tests, electrolyte levels)
and transabdominal ultrasonography, and psychological evaluation. Clinicians should be alert for
mineral deficiency, anemia, and osteoporosis that
may develop in the long term [13–20].
The clinical issue arises in patients who underwent bariatric surgery and has been previously
diagnosed with hyperthyroidism. The main surgical treatment approach for hyperthyroidism is to
remove all thyroid gland to prevent recurrences.
The problem is how to maintain euthyroid state
with exogenous thyroid supplement in patients
who had bariatric surgery. The malabsorption in
ileal interposition surgery may cause inadequate
absorption of L-thyroxine and may result in continuous hypothyroidism. Low-level evidencebased clinical trials demonstrated that decreased
postoperative levothyroxine requirements are
needed after bariatric surgery, but among them,
no patients were included in those trials with surgery for hyperthyroidism. On this point, clinicians should be alert on absorption of L-thyroxine
from intestine and stomach for thyroid hormone
replacement. But in bariatric surgery, ileal interposition surgery ends with malabsorption and
uncontrolled thyroid hormone replacement.
Although the gold standard is total thyroidectomy for hyperthyroidism, Dunhill procedure is
an option for hyperthyroidism control in patients
with bariatric surgery.

3.2.1

The Future

Clinical management simulating the results of
surgical procedure might be hired efficiently;
it may arise out of the modern genetic paintings.
It can ultimately, within the next decades or
so, replace the surgical remedy of significant
obesity.
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What Can We Learn from This Case?

• Obesity is an increasingly serious health
problem.
• Intentional weight loss offers considerable advantages to sufferers and is
related to a universal discount in
mortality.
• Bariatric surgical treatment may be efficiently used to obtain sustainable weight
loss in morbidly obese sufferers.
• The management of post-thyroidectomy
complications such as hypocalcemia,
hypothyroidism in patients with bariatric surgery may be exceedingly difficult.
• Bariatric surgery concurrently brings
forth important functional outcomes on
nutrient deficiencies and drug absorption
that clinicians must be aware of.
• The Hartley-Dunhill procedure is an
important site for patients who do not
have good access to thyroid hormone
and may maintain adequate thyroid
function up to 60% of patients without
thyroid hormone supplementation.
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Toxic Multinodular Goiter
in a Patient Who Has Been
Followed Up with the Diagnosis
of Hashimoto Thyroiditis and Has
Normal TSH Values
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Abstract

Nodular thyroid disease arises from the
increased proliferation rate of thyroid cells.
Thyroid scintigraphy is considered as the gold
standard imaging method for the diagnosis of
thyroid nodules with autonomous function.
Autonomously functioning thyroid nodules
(AFTN) are defined as palpable nodules that
are larger than 1 cm on ultrasonography
demonstrating a focally increased uptake on
thyroid scintigraphy. Practicing technetium
scintigraphy for thyroid nodules is only
recommended in the presence of suppressed
or subnormal plasma TSH levels. However,
this may result in underdiagnosis of these
nodules in iodine-deficient countries. We
hereby present a case with AFTN despite the
presence of normal TSH values.

B. U. Altun
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4.1

Case Presentation

A 52-year-old female patient was admitted to
endocrinology outpatient clinic. She had been
diagnosed with subclinical hypothyroidism for
3 years, and levothyroxine 50 mcg/day had been
initiated at the time of diagnosis. However, the
patient had stopped taking medication for the
last 2 years. Medical and family history was
otherwise normal except for the presence of
autoimmune thyroid disease in two of her firstdegree relatives. Her laboratory results were as
follows: thyroid-stimulant hormone (TSH), 0.8
(0.4–4 μU/ml); free T4 (fT4), 1.38 (0.7–1.48 ng/
dl); and antithyroid peroxidase (anti-TPO), 600
(0–34 IU/ml). Her TSH level had been 5.27 μU/
mL 3 years ago when levothyroxine treatment
had been initiated.
Thyroid ultrasonography (USG) demonstrated
minimally increased thyroid size and hetero
geneous background echogenicity. There were
multiple 9 × 5 × 6 mm and 12 × 10 × 9 mm
isoechoic nodules with regular margins on the
right lobe, and the larger nodule (12 mm) included
peripheral and central vascularization. There was
an isoechoic 11 × 10 × 9 mm nodule with regular
margins and prominent central and peripheral
vascularization on the left lobe. Tc-99m pertechnetate scintigraphy revealed parenchymal hyperplasia and bilateral hyperactive nodules with
increased Tc-99m uptake (Fig. 4.1).
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Fig. 4.1 Bilateral hyperactive nodules with increased
uptake on thyroid Tc-99m pertechnetate scintigraphy
(arrows)

The patient was diagnosed with autonomously
functioning thyroid nodules (AFTN) with
autoimmune thyroid disease in the background.
She remained under surveillance once a year, and
onset of subclinical hyperthyroidism was
detected on her follow-up visit 1 year later.

4.2

Discussion

Plasma TSH and thyroid hormone levels should
be measured in the initial evaluation of thyroid
functions. Thyrotoxicosis is associated with
increased thyroid hormones in the presence of
suppressed plasma TSH levels. Etiology may not
always be evident in clinical and laboratory findings. Thyroid scintigraphy is a valuable method
in the differential diagnosis of benign and malign
thyroid disorders. Thyroid scintigraphy is useful
for (a) differential diagnosis of hyperthyroidism
(low, diffuse, and nodular uptake patterns in
patients with thyrotoxicosis are associated with
subacute thyroiditis, Graves’ disease, and toxic
adenoma/multinodular goiter, respectively), (b)
differential diagnosis of congenital hypothyroidism (thyroid agenesis, dyshormonogenesis,
incomplete thyroid migration), and (c) before
fine-needle aspiration biopsy (FNAB) for a thyroid nodule.

FNAB is only recommended for hypoactive
nodules and is not recommended for hyperactive
nodules. However, nodules which are smaller
than 1 cm may not be visualized optimally during
thyroid scintigraphy. Palpable nodules which are
larger than 15 mm are more eligible for evaluation with thyroid scintigraphy. The activity
uptake is also essential in the visualization of thyroid nodules, and hyperactive nodules are more
easily detected than hypoactive nodules during
thyroid scintigraphy. Nodule localization, neck
position, and obesity may also affect the quality
of the thyroid images [1].
Thyroid scintigraphy with Tc-99m pertechnetate or I-123 has been used with safety for a
very long time. Nodular thyroid disease arises
from the increased proliferation rate of thyroid
cells. Increased rate of cell proliferation does
not always result in hyperfunctioning thyroid
nodules, and structural changes may also present with hypofunction. Scintigraphy is used in
the detection of these functional changes in the
parenchymal thyroid tissue. Thyroid scintigraphy is considered the gold standard imaging
method for the diagnosis of thyroid nodules
with autonomous function. USG, which is very
useful in the structural evaluation of thyroid
nodules, is not convenient for the assessment of
nodule functions. Thyroid USG findings (size,
echogenicity, vascularization) are not correlated
with TSH levels in AFTN [2]. However, AFTN
generally present as isoechoic nodules with
peripheral and central vascularization (type III
vascularization). Similarly, in the presented
case, size of AFTN was not related to plasma
TSH values, and plasma TSH level was not
suppressed.
In some of the recent guidelines, the use of
thyroid scintigraphy in clinical practice is only
recommended for the diagnosis of hyperactive
nodule/nodules and the evaluation of ectopic or
residual thyroid gland [3]. Determination of
hyperactive or hot nodules is not only necessary
during the evaluation of thyroid function, but it
is also essential in the differentiation of malign/
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benign features in a thyroid nodule. Hot nodules
have a low risk of malignancy, and thyroid
biopsy or other invasive procedures are generally
not recommended in the clinical practice.
However, practicing thyroid scintigraphy for
each thyroid nodule is not suggested by some of
the clinical guidelines. These guidelines
recommend practicing thyroid scintigraphy only
in the presence of suppressed or subnormal
plasma TSH levels [3]. However, these
recommendations may not be applicable in all
parts of the world. Maps on global iodine status
affect guideline recommendations on this
aspect. It is reported that low-normal TSH levels
may also be an indication for the evaluation of
hyperactive nodule/nodules especially in iodinedeficient regions [4–6]. The basis of this
recommendation depends on the fact that the
relationship between TSH and thyroid nodule
autonomy may be different in iodine-deficient
regions and that nodule autonomy may be
present with non-suppressed, normal TSH levels
in these areas. Furthermore, the presence of
activating TSH receptor mutations in hot
nodules may also be an additional risk factor for
the development of thyrotoxicosis in iodinedeficient areas [7]. Because the USA is not one
of the iodine- deficient countries, thyroid
scintigraphy is only recommended in patients
with low TSH levels [3]. However, iodine
deficiency is also reported in some European
countries such as Poland, Norway, Greece,
Romania, and Turkey [8]. WHO reported that
frequency of low urinary iodine excretion
(<100 μg/L) is 56.9%, 9.8% and 42.6% in
Europe, USA, and Africa, respectively [9].
Therefore, different recommendations for
indication of thyroid scintigraphy have come
into consideration in the current guidelines.
Thyroid scintigraphy may be performed even in
the presence of low-normal or normal TSH
levels [5]. Administration of I131 during thyroid
scintigraphy is not recommended in iodinedeficient areas.
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AFTN is defined as a palpable nodule that is
larger than 1 cm on USG demonstrating a
focally increased uptake on thyroid scintigraphy
[4]. Theoretically, TSH is expected to be low in
these patients; however, in the presence of
iodine deficiency, TSH levels may be normal in
up to 49% of patients [6]. Therefore, a
significant amount of AFTN may be
underdiagnosed when only presence of low
TSH levels is considered to suspect
AFTN. Presence of iodine deficiency may
prevent TSH suppression as it was the case in
the patient presented above. Although FNAB is
not recommended for AFTN, it is known that
nearly 15% is investigated with FNAB [10].
FNAB results may be confusing due to benign
follicular proliferative changes in hyperactive
nodules which may be interpreted as
malignancy, leading to false-positive results
and unnecessary surgical interventions [4].
Therefore, evaluation with thyroid scintigraphy
may be useful for preventing unnecessary
procedures. Furthermore, the presence of
normal TSH levels with AFTN implies a risk
for the development of future hyperthyroidism.
And every year, 4% of nontoxic thyroid nodules
differentiate into toxic nodules. The relative
increase of mortality is nearly 1.41 in subclinical
hyperthyroidism, compared with euthyroid
patients [11]. Therefore, it must be emphasized
that patient surveillance is critical. In almost
half of all the AFTN patients (24–80%), TSH is
in normal ranges [4, 6, 12]. The gain of function
mutations in TSHR or GNAS genes is
considered as the main pathological factor in
the development of AFTN.
Although rare, single nodule gaining autonomic function in a patient with Graves’ disease is
also reported. The toxic nodule is referred to as
“Plummer syndrome,” and presence of toxic nodule with background Graves’ disease is called
“Marine-Lenhart syndrome.” Autonomous nodule
and background autoimmune thyroiditis should be
considered as two separate entities in this rare
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syndrome [13]. Although it is rare, this syndrome
is mentioned in this section for its educational
significance.

What Can We Learn from This Case?

• During the initial evaluation of thyroid
functions, TSH should be used as the firstline laboratory test, and thyroid hormones
should be measured when necessary.
• USG and TSH may not always be sufficient in the functional-structural evaluation of thyroid tissue leading to
misdiagnosis of AFTN in iodine-deficient areas. Although indication for thyroid scintigraphy is limited to patients
with low TSH levels in some guidelines,
this recommendation may not apply to
iodine-deficient regions, and it may lead
to underdiagnosis of AFTN.
• Hot nodule or AFTN may cause falsepositive pathology results leading to
unnecessary surgical interventions.
• Iodine deficiency is a worldwide common public health problem, and some
regions in Europe are still considered as
iodine deficient.
• AFTN is more common than it is anticipated, and TSH levels may be normal in
a considerable amount of these patients.
It should also be kept in mind that AFTN
may eventually differentiate into overt
hyperthyroidism in these patients.
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Acute Suppurative Thyroiditis
Zeynep Cantürk

Abstract

The thyroid gland is remarkably resistant to
infectious agents owing to several protective
mechanisms; therefore, acute suppurative thyroiditis is rarely seen. The most common
agents are Staphylococcus and Streptococcus.
In this chapter, we report a man who presented
with sudden onset left-sided neck swelling
with pain and redness. His physical and laboratory examinations suggested acute suppurative thyroiditis due to a rare microorganism
Burkholderia cepacia and treated successfully
with appropriate antimicrobial therapy. Acute
suppurative thyroiditis is a rare disease but
should be kept in mind in any patient with
acute painful neck swelling around thyroid
gland. Although most common organisms are
Staphylococcus and Streptococcus, physicians
should be aware of the probability of other
rare microorganisms.

Z. Cantürk
Division of Endocrinology and Metabolism,
Department of Internal Medicine, Kocaeli University,
Kocaeli, Turkey

5.1

Case Presentation

Case: 34-year-old male patient admitted to our
clinic with sudden onset left-sided neck swelling with pain and redness (Fig. 5.1). There was
no history of chronic disease, recent upper
respiratory tract infection, or trauma. A painful
nodule was palpated on the left lob of his thyroid gland. Otolaryngologic examination was
normal. There were slight leukocytosis, 12,000
(4600–10,200); increased sedimentation rate,
52 mm/h (<20 mm/h); and C-reactive protein
(CRP) level, 14.2 mg/dl (0–0.5). Thyroid
hormones were within normal limits. Neck

ultrasonography (USG) revealed 6 × 5 cm highdensity cystic complex nodule, increased vascularity of left lobe, and reactive lymph nodes
localized at the left jugular area. There was
intense, heterogeneous cystic lesion compatible
with infection or hemorrhage into the nodule on
computerized tomography (CT) of the neck
(Fig. 5.2). Based on the clinical and laboratory
findings, the diagnosis was made as acute suppurative thyroiditis. Fine-needle aspiration from
the cystic nodule and blood culture were performed for the microbiological identification.
Amoxicillin-clavulanic acid treatment was
started. Ciprofloxacin- and amikacin-sensitive
Burkholderia cepacia was identified on the cystic nodule aspiration at the seventh day of the
treatment. Antibiotic treatment switched to the
ciprofloxacin. All the symptoms of the disease
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Fig. 5.1 Left-sided neck swelling with redness

a

b

c

Fig. 5.2 Coronal (a), sagittal (b), and axial (c) slices of computerized tomography (CT) of the neck showing heterogeneous cystic lesion

were regressed, and sedimentation and CRP
rates normalized at the twentieth day of the ciprofloxacin treatment.

5.2

Discussion

5.2.1

Evaluation and Diagnosis

In this chapter, we have presented a case of acute
suppurative thyroiditis caused by a rare infectious
agent.
Acute suppurative thyroiditis (AST) is a rare
clinical entity, caused by an infection of the
thyroid gland. Thyroid abscess and AST

represent only 0.1–0.7% of surgically treated
thyroid disorders. If AST is left untreated, it can
be life-threatening, with 12% or higher mortality
[1]. The thyroid is a well-known gland that
resists infections. The rarity of thyroid infection
has been attributed to the presence of high
amounts of iodine within the gland, ample
supply of blood and lymphatics, the fact that
hydrogen peroxide is generated within the gland
as a requirement for the synthesis of thyroid
hormone, and its normal encapsulated position
away from external structures. All of these
features make the thyroid gland relatively
resistant to infection by direct extension from
contiguous sites [2].
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Thyroidal infections are most commonly
bacterial in origin, fungi, parasitic organisms,
and mycobacteria being isolated much less frequently and more chronic; and these infections
occur more frequently in immunocompromised
patients [3].
Virtually any type of bacterium can infect the
thyroid gland. Gram-positive bacteria including
Streptococcus and Staphylococcus species are
the most common causative organisms. In that
case, Burkholderia cepacia (B. cepacia) was isolated in culture. B. cepacia, formerly known as
Pseudomonas cepacia as it belonged to the
Pseudomonas genus, is a Gram-negative aerobic
bacillus. B. cepacia is known to cause opportunistic infections in immunocompromised hosts.
It is highly virulent and often causes a necrotizing invasive infection. It is also highly resistant to
antimicrobial agents [4]. Only one case from
Korea has been reported as a cause of AST. A
54-year-old male with benign thyroid nodule had
been infected by B. cepacia after acupuncture on
his neck for the treatment and had been successfully treated [5].
Acute suppurative thyroiditis is a rare condition, and two-thirds of the cases are related to
structural abnormalities [6]. In adults, the routes
of infection are predominantly hematogenous or
lymphatic; however, it can also spread via direct
traumatic inoculation from an adjacent infection
[7]. Patients with preexisting thyroid diseases
have a greater predisposition for AST. Simple
goiter, nodular goiter, Hashimoto’s thyroiditis, or
thyroid carcinoma have been observed in up to
two-thirds of women and one-half of men with
infective thyroiditis [8]. Other predisposing factors, especially in childhood, are pyriform sinus
fistula; third and fourth arch abnormalities;
immunocompromised states; rarely, endocarditis; tooth abscess; and fine-needle aspiration
biopsy. In most cases, recurrent ASTs are usually
due to congenital abnormalities located in the left
lobe [1, 9]. In the present case, there was no predisposing factor. However, in some situations,
such as persistence of pyriform sinus fistula, thyroid gland becomes susceptible to infection and
abscess formation which is more commonly seen
in children and young adults between 20 and
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40 years of age. 92% of the affected patients are
children, and there is no gender preference [10].

5.2.2

Clinical Manifestations

Acute bacterial thyroiditis is the most common
cause of infectious thyroiditis, and more than
90% of patients will present with thyroidal pain,
tenderness, fever, and local compression resulting in dysphagia and dysphonia. The pain may
radiate to the mandible or ear on the same side.
Signs or symptoms of systemic toxicity may be
present. The thyroid with unilateral and bilateral
lobar enlargement is tender to palpation and is
associated with erythema and warmth of the skin.
Abscess formation is detected by fluctuance; it is
important to know that a firm nodule may progress to fluctuance in the course of 1–3 days, and
so repeated physical examinations must be done
carefully. Cervical lymphadenopathy may be
present but is not a prominent feature unless there
is predisposing pharyngitis [8].
Thyrotoxicosis does not typically accompany
an episode of AST, but in some cases, it can be
seen transiently and explained by the release of
pre-synthesized and stored thyroid hormone into
the circulation as a result of inflammation and
disruption of the thyroid follicles. If this happens,
thyroid hormone levels return to normal in most
patients within 1–3 months [7].
In the present case, thyroid hormone levels
were within normal limits.
Differential diagnosis of such a patient should
focus on the differentiation between thyroidal
and nonthyroidal causes. Essentially all the nonthyroidal causes are infectious in origin and present as discrete painful masses: infected
thyroglossal duct cyst, infected branchial cleft
cyst, infected cystic hygroma, cervical adenitis,
and cellulitis of the anterior neck. Thyroidal
causes of the painful anterior neck mass are subacute granulomatous thyroiditis, acute hemorrhage into a cyst, acute hemorrhage into a benign
or malignant nodule, rapidly enlarging thyroid
carcinoma, painful Hashimoto’s thyroiditis, and
radiation thyroiditis. Subacute granulomatous
thyroiditis is the most common cause of the
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p ainful thyroid and often results in both local and
systemic symptoms similar to those with
infectious thyroiditis [8].
The diagnosis of AST can be supported by laboratory investigations. The serum thyroxine (T4),
triiodothyronine (T3), and thyroid-
stimulating
hormone (TSH) are generally normal, although
thyrotoxicosis and hypothyroidism have been
reported in less than one-third of patients. In contrast, overt thyroid dysfunction frequently occurs
in patients with subacute granulomatous thyroiditis. Leukocytosis, elevated erythrocyte sedimentation rate, and elevated C-reactive protein are
usually present in AST. An elevated erythrocyte
sedimentation rate is also seen in subacute
granulomatous thyroiditis [8, 11].
It is suggested to evaluate patients with suspected AST with an ultrasound of the neck. In
AST, the ultrasound often reveals unilobular
swelling and/or abscess formation. These
findings assist in the differentiation of AST
from other causes of anterior neck pain and
fever. Sonography of AST generally reveals a
unifocal perithyroidal hypoechoic space and
effacement of the plane between the thyroid
and perithyroid tissues. Atrophy and an unclear
hypoechoic or low-density area in and around
the affected lobe are observed in the late
inflammatory stage [12]. Alternatively, the
sonoelastography may reveal very stiff lesions
corresponding to the areas of the thyroid which
are especially painful during acute phases of
the AST episode which soften significantly as
the patient responds to treatment [13]. The CT
scan can be useful imaging modality due to
findings. They also vary with the stage of
AST. In the early inflammatory phase,
nonspecific low-density areas in the swollen
thyroid along with potential tracheal
displacement may be seen. During the acute
inflammatory stage, a CT can also demonstrate
edema of the ipsilateral hypopharynx and
abscess formation. In the late inflammatory
stage, deformity of the thyroid, atrophy of the
affected lobe, and scarring of the perithyroidal
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tissues may be observed [12]. However, during
the early stage, features on ultrasound and CT
scans may lead to an erroneous diagnosis of
subacute thyroiditis, resulting in the
prescription of prednisolone, which will have
an adverse impact. Therefore, a careful
ultrasonographical examination should be
performed to detect characteristic findings
during the early stage. If suspected, imaging
with barium swallow study or fine-needle
aspiration combined with a cytological
examination and bacterial culturing might
confirm the correct diagnosis of AST [12].
FNA is the best laboratory test for the evaluation of infectious thyroiditis and also is diagnostic for the most cases, especially if the
tenderness is limited to a solitary nodule or a
localized area and subacute granulomatous
thyroiditis has been ruled out [8]. FNA
performed during the acute phases of AST is
important as the FNA has a superior ability to
differentiate the patient with AST from those
with subacute thyroiditis by cytological criteria
and also provides appropriate bacteriologic
specification for allowing accurate antibiotic
selection for the patient with AST [1]. The
aspiration material should be cultured also for
aerobic and anaerobic bacteria, fungi, and
mycobacteria. Gram and acid-fast stains should
be performed, but a negative Gram stain does
not exclude bacterial infection [11]. On the
other hand, transcutaneous aspiration of the
infectious material can be performed to relieve
pressure on a displaced trachea in patients with
a compromised airway [1, 8]. For all children
and younger patients with recurrent or leftsided thyroiditis, a careful evaluation is
recommended for pyriform sinus fistula. It’s
also suggested for patients with unexplained
AST. Pyriform sinus fistula may be identified
by a barium swallow, a possible fistulous tract
located on the left side between the pyriform
sinus and the thyroid gland. The barium
swallow has very good sensitivity in detecting
the presence of the fistula tracts as 89–97% of
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those examined in early and acute stages of
AST were confirmed with this technique [12].
Transnasal flexible fiber optic laryngoscopy
also has been used to visualize the internal
sinus tract and is an effective technique [1, 14].
The present case matched most of the criteria
of acute suppurative thyroiditis.

5.3

Management

Treatment of AST usually requires admission to
the hospital, if necessary, drainage of any
abscess is mandatory, and parenteral
antimicrobial therapy must be used aimed at the
causative agent. Gram stain and culture of the
aspirate will reveal the causative organism in
more than 90% of cases [8]. Due to a wide range
of different bacteria that can be involved in this
infection, broad coverage of antimicrobial
agents is indicated, at least until culture results
are available. Empiric antimicrobial therapy
should provide adequate coverage for S. aureus
and S. pyogenes [15].
For initial empiric treatment, an antibiotic
regimen that provides coverage for aerobic and
anaerobic organisms including S. aureus, S. pyogenes, Gram-negative anaerobic bacilli, and
Peptostreptococcus is recommended. Appropriate
antibiotic regimens include clindamycin alone,
or the combination of penicillin and a beta-
lactamase inhibitor, or the combination of metronidazole and a macrolide [11].
The antibiotic regimen is then adjusted
based on the results of the culture and
sensitivity test. Early administration of
treatment with antibiotics can prevent most
cases of AST from progressing to suppuration.
However, once fluctuation occurs, antibiotic
therapy alone is generally not sufficient.
Surgical drainage is indicated when antibiotic
therapy fails to control the infection promptly,
as evidenced by leukocytosis, continued fever,
and progressive signs of local inflammation.
Drainage of the abscess is helpful in promoting

27

resolution. It should be carried out if clinical
examination or radiographical findings by
ultrasound/CT scan are consistent with an
abscess or if there is evidence of gas formation.
If extensive necrosis or persistence of infection
in spite of antibiotics is demonstrated,
lobectomy may be required. Debridement of
necrotic tissue should be done, and wound is
allowed to heal by secondary intention [15].
CT-guided percutaneous drainage may be an
effective and safe alternative to surgical
treatment. The removal of the fistula is also
necessary in recurrent infections [16]. If no
clinical improvement occurs after 36–48 h of
therapy, a reassessment of therapy is needed.
Nowadays, less invasive management is recommended during active inflammation and infection [1]. For very mild disease or after substantial
clinical improvement, treatment with oral antibiotics may be possible [11].

5.4

Follow-Up and Outcome

Acute suppurative thyroiditis is a rare infectious disease. When the clinician encounters
acute suppurative thyroiditis, abscess aspiration
culture and blood culture for the microbiological
identification and antibiogram should be
performed because rare microorganisms would
be the causative agent of existing acute
suppurative thyroiditis. In this case, we present
acute suppurative thyroiditis caused by B.
cepacia, which is a rare infectious agent in
adults. Isolation of microorganism was made
by FNA material after amoxicillin-clavulanic
acid treatment was started. Ciprofloxacin- and
amikacin-sensitive B. cepacia is identified on
the cystic nodule aspiration at the seventh day
of the treatment. Antibiotic treatment switched
to the ciprofloxacin. All the symptoms of the
disease regressed, and sedimentation and CRP
rates normalized at the twentieth day of the
ciprofloxacin treatment. The disease didn’t
recur.
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What Can We Learn from This Case?

• Although acute suppurative thyroiditis
is rare, it should be suspected in any
febrile patient with an acute painful
anterior neck swelling.
• Patients generally present with the acute
onset of pain and tender swelling in the
anterior aspect of the neck that develops
over days to a few weeks, often
associated with fever and leukocytosis.
• Gram-positive bacteria including staphylococcal and streptococcal species are
the most common causative organisms.
• Since this disease can be associated with
anatomic abnormalities such as pyriform
sinus fistula, it must be ruled out especially
in younger, recurrent, and left-sided cases.
• Patients with suspected suppurative thyroiditis should be evaluated with ultrasonography. This will assess for abscess
formation and possible extension of the
infection into adjacent structures.
• Ultrasound-guided fine-needle aspiration
can be helpful. The specimen should be
stained and cultured for aerobic and
anaerobic bacteria, fungi, and mycobacteria.
• All patients with presumed suppurative
thyroiditis should be treated promptly
with antibiotics.
• In cases where an abscess forms, surgical drainage may be necessary.
• With early diagnosis treatment is easy,
and with proper treatment, abscess
formation can be prevented.

References
1. Paes JE, Burman KD, Cohen J, et al. Acute bacterial
suppurative thyroiditis: a clinical review and expert
opinion. Thyroid. 2010;20:247–50.

2. Shah SS, Baum SG. Diagnosis and Management
of Infectious Thyroiditis. Curr Infect Dis Rep.
2000;2:147–53.
3. Burman KD. Overview of thyroiditis. UpToDate.
Topic 7824; vers.14.0.
4. Lee JH, Lee SH, Hong SJ, Choi YC, Hwang EG. A
case of lung abscess caused by Burkholderia cepacia
in healthy child. Korean J Pediatr. 2007;50:89–92.
5. Kim TY, Yang HM, Hwang JK, Cho YM, Park YJ,
Park DJ, et al. A case of acute suppurative thyroiditis as a complication of acupuncture in patient with
a benign thyroid nodule. J Korean Soc Endocrinol.
2002;17:576–82.
6. Unluturk U, Ceyhan K, Corapcioglu D. Acute suppurative thyroiditis following fine-needle aspiration biopsy in an immunocompetent patient. J Clin
Ultrasound. 2014;42:215–8.
7. Dunham B, Nicol TL, Ishii M, Basaria S. Suppurative
thyroiditis. Lancet. 2006;368:1742.
8. Farwell AP. Infectious thyroiditis. In: Braverman LE,
Utiger RD, editors. Werner and Ingbar’s the thyroid:
a fundamental and clinical text. 8th ed. Philadelphia:
Lippincott Williams and Wilkins; 2000. p. 1044–50.
9. Lazarus J, Henessey J. Acute and subacute and Riedel’s
thyroiditis. In: De Groot LJ, editor. The thyroid and its
diseases. 6th ed. New York: Elsevier; 1996.
10. Pearce E, Farewell P, Braverman LE. Thyroiditis.
NEJM. 2003;348:2646–55.
11. Brook I. Suppurative thyroiditis in children and adolescents. UpToDate. Topic 5822; vers. 12.0.
12. Masuoka H, Miyauchi A, Tomoda C, Inoue H,
Takamura Y, Ito Y, et al. Imaging studies in sixty
patients with acute suppurative thyroiditis. Thyroid.
2011;21:1075–80.
13. Ruchala M, Szczepanek-Parulska E, Zybek A,
Moczko J, Czarnywojtek A, Kaminski G, et al.
The role of sonoelastography in acute, subacute
and chronic thyroiditis – a novel application of the
method. Eur J Endocrinol. 2012;166:425–32.
14. Smith SL, Pereira KD. Suppurative thyroiditis in children: a management algorithm. Pediatr Emerg Care.
2008;24:764–7.
15. Brook I. Microbiology and management of acute
suppurative thyroiditis in children. Intl J Pediatr
Otorhinolaryngol. 2003;67:447–51.
16. Ghaemi N, Sayedi J, Bagheri S. Acute suppurative thyroiditis with thyroid abscess: a case report and review of
the literature. Iran J Otorhinolaryngol. 2014;26:51–5.

6

Graves’ Ophthalmopathy
Lebriz Uslu Beşli

Abstract

A 45-year-old female patient was diagnosed
with Graves’ ophthalmopathy. She was euthyroid under methimazole treatment, and thyroid
scan revealed bilateral diffuse hyperplasia of
the thyroid gland. Orbital MRI revealed a symmetrical increase in the volume of all extraocular muscles as well as the expansion of
retro-orbital fat tissue, which are in concordance with the presence of bilateral exophthalmos. TRAb level was moderately elevated, and
CAS score was 1. The patient received 15 mCi
(555 MBq) radioiodine with oral glucocorticoids, to avoid exacerbation of orbital inflammation. Hyperthyroidism resolved within
6 months without progression of the ophthalmopathy. Graves’ ophthalmopathy is an important clinical problem, as treatment of
hyperfunctioning thyroid gland without triggering or exacerbating eye disease can be challenging. The presence and severity of orbital
inflammation cannot be foreseen easily, and
reversal of orbital damage cannot always be
maintained. Several imaging modalities, biochemical parameters, and clinical assessment
methods have been proposed to differentiate
Graves’ patients with active orbital inflammation from the patients with the inactive stage of
L. U. Beşli
Department of Nuclear Medicine,
Istanbul University Cerrahpaşa Medical Faculty,
Istanbul, Turkey

the disease. To date, orbital MRI, serum TRAB
level assessment, and CAS score are the most
common methods to assess ophthalmopathy
activity.

6.1

Case Presentation

A 45-year-old female patient was referred to our
hospital for radioiodine therapy for treatment of
hyperthyroidism. She was diagnosed with
Graves’ disease 2 years ago and was under
methimazole treatment. She had cosmeticrelated complaints about ophthalmopathy,
which had started 6 months after the onset of
hyperthyroidism. She had quit smoking 1 year
ago. Her current serum thyroid-stimulating hormone (TSH) level was 0.55 μIU/ml (normal
range: 0.4–4.2 μIU/ml), free triiodothyronine
(fT3) level was 2.9 pg/ml (normal range: 1.8–
4.2 pg/ml), and free thyroxine (fT4) level was
1.2 ng/dl (normal range: 0.7–1.9 ng/dl) under
methimazole
(6
tablets/day)
treatment.
Antithyroglobulin and antithyroid peroxidase
(anti-TPO) antibody levels were low (15.8 IU/
ml (normal range <34 IU/ml) and 3.3 IU/ml
(normal range <115 IU/ml), accordingly),
whereas anti-TSH receptor antibody (TRAb)
level was moderately elevated (6.4 IU/ml, normal range <1.1 IU/ml). TRAb level 1 year ago
was found as 18 IU/ml.
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Thyroid ultrasonography (USG) revealed
symmetrically enlarged thyroid gland with
heterogenous reduced echogenicity. Bilaterally
increased vascularity was observed in Doppler
study. After 1 week discontinuation of
methimazole treatment, thyroid scintigraphy
with Tc-99m pertechnetate showed bilaterally
diffuse hyperplasia of the thyroid gland, and
radioactive iodine uptake (RAIU) test with
0.37 MBq I-131 revealed 17% and 34% uptake at
the 2nd and 24th hours, respectively.
Orbital magnetic resonance imaging (MRI)
revealed a symmetrical increase in the volume of
all extraocular muscles, particularly inferior and
medial rectus muscles, as well as the expansion
of retro-orbital fat tissue (Fig. 6.1). The distance
between the interzygomatic line and anterior
edge of the globe was 21 mm, which indicates the
presence of proptosis. All MRI findings were in
concordance with thyroid ophthalmopathy. Eye
examination revealed the presence of bilateral
proptosis, lid retraction, and swelling of the
eyelids. The clinical activity score (CAS) was 1.
The patient was given oral 15 mCi (555 MBq)
radioiodine treatment, with oral prednisone
(0.5 mg/kg for 1 month). Methimazole and
propranolol were also prescribed.

a

b

Fig. 6.1 Orbital MRI of the patient revealed bilateral
symmetrically increased volume of orbital rectus muscles;
on T1-weighted (a) and T2-weighted (b) coronal images.

6.2

Discussion

Graves’ disease is an autoimmune disease, where
autoantibodies against thyroid antigens cause
hyperthyroidism [1]. It has a classical triad of
hyperthyroidism, exophthalmos, and pretibial
myxedema [2]. It is the most common cause of
hyperthyroidism in areas with adequate iodine
intake, and it is six to eight times more common in
women [3]. The onset of the disease is generally
30–50 years of age. Although Graves’ disease is not
common in the population, Graves’ ophthalmopathy
can be seen in nearly half of all Graves’ disease
patients, having a severe course in 3–5% [4].
Several immunological factors are present in
the pathogenesis of the disease: activation of
specific T and B lymphocytes targeting TSH
receptors is the leading cause of the disease,
whereas lymphocytes targeting other autoantigens,
such as thyroglobulin, thyroid peroxidase, and
sodium-iodine symporter, also contribute in the
pathogenesis of the disease [1]. Antibodies
targeting TSH receptors stimulate thyroid gland
and lead to hyperthyroidism and related symptoms,
such as tachycardia, palpitation, nervousness, heat
intolerance, hyperactivity, tremor, increase in
appetite, systolic hypertension, and weight loss

c

Proptosis and expansion of retro-orbital fat tissue can be
observed on axial T2-weighted MRI images (c)
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[3]. Inflammatory cells triggered by various
cytokines and autoantibodies migrate to orbit and
accumulate in retro-ocular tissue, causing an
increase in orbital fat and fibrous tissue and
extraocular muscle volume, resulting in Graves’
ophthalmopathy [5]. Other factors, such as proliferation of fibroblasts stimulated by platelet-derived
growth factors (PDGF A and B), mast cells, monocytes and macrophages, hyaluronic acid and interleukin-6 production of the stimulated fibroblasts,
overexpression of insulin-like growth factor-1
(IGF-1) receptors in the fibroblasts, various cytokines, and increased oxidative stress, are the other
contributors in the pathogenesis of Graves’ ophthalmopathy [6]. Orbital muscles are generally
spared in the initial phase of the disease, but they
are infiltrated by mast cells and T and B lymphocytes in the course of the disease, resulting in
increased muscle thickness [6].
Several genetic and environmental factors
contribute to the development of Graves’
ophthalmopathy. First- and second-degree
relatives of Graves’ disease patients have
increased incidence of Graves’ disease [7], and
disease penetrance is 30% in identical twins [3].
The most significant environmental factor in
Graves’ ophthalmopathy development is
smoking: ophthalmopathy is more common and
more severe in smokers compared to nonsmoker
Graves’ patients [3]. Although Graves’ disease is
more common in females, ophthalmopathy is
generally more severe in males. Smoking was a
significant risk factor for our patient for
development and worsening of the eye disease.
Unfortunately, our patient refused to quit smoking
until progression of the eye disease occurred.
Our patient was euthyroid under methimazole
treatment. Thyroid hormone status is another
important factor in the development of Graves’
ophthalmopathy. Ophthalmopathy can be more
severe in patients with thyroid dysfunction [8];
therefore, early treatment of hyperthyroidism is
recommended in Graves’ patients [9].
Although exophthalmos started concomitant
with the onset of hyperthyroidism in our patient,
which is the most common presentation, Graves’
ophthalmopathy does not always start together
with the onset hyperthyroidism; but it can start
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later in the course of the disease or even before
the onset of hyperthyroidism. In 10–15% of
Graves’ patients, ophthalmopathy is seen with
hypothyroidism [10]. Similar to other
autoimmune diseases, ophthalmopathy has a
dynamic course, including an initial progressive
deterioration (active progressive phase), a plateau
phase and a regression phase, and finally an
inactive static phase, which was first described by
Rundle in 1945 (Fig. 6.2) [11]. This process
generally lasts nearly 1 year but may be prolonged
to 3 years. In the active phase, classical signs of
inflammation, including redness, pain, swelling,
and impaired function, are seen, which lead to
spontaneous retrobulbar pain, pain on eye
movement, redness of the eyelids and conjunctiva,
swelling of eyelids, inflammation of caruncle and
plica, and conjunctival edema. The features are
assessed in the scoring of the ophthalmopathy
activity, which is called clinical activity score
(CAS) (Table 6.1) [9]. The severity of
ophthalmopathy is related to anatomical changes
in the orbita. Swelling and redness of the eyelids,
redness and edema of the conjunctiva,
inflammation of the caruncle and plica,
exophthalmos, eye muscle, and corneal or optic
nerve involvements are evaluated for assessment
of disease severity (Table 6.2) [9].
Medial and inferior orbital rectus muscles are the
most commonly involved extraocular muscles.
Although symmetrical involvement is generally
seen, an asymmetrical involvement of the extraocular
muscles can also be observed. MRI is currently the
modality of choice for assessment of active orbital
inflammation and evaluation of treatment response
[12]. MRI signal intensity of inflamed extraocular
muscles is related to CAS score, and inflammatory
edema within the extraocular muscles can be
detected measuring T2 relaxation time [12]. CT scan
can also be used to assess extraocular muscle
thickness. Ultrasonography [12] and scintigraphy
using Ga-67 citrate [13], In-111 octreotide [14],
Tc-99m HYNIC TOC [15], Ga-68 DOTA NOC
[16], and F-18 FDG PET [17] are also other
suggested alternatives for the detection of active
ophthalmopathy, but these imaging modalities are
not routinely used in the clinical practice for Graves’
patients.
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Disease
severity
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progressive
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Regression
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Time

Fig. 6.2 Rundle curve describing the course of Graves’
ophthalmopathy. The disease has an initial dynamic
phase, where the severity of the disease increases progressively lasting for months after a sudden onset; a plateau
phase where the progression ends lasting for months; and

a regression phase, where slow improvement can be seen
continuing for months to years. Finally, an inactive static
phase is reached. Although rare, during the static phase,
autoimmune activation may be triggered causing reactivation of the ophthalmopathy

Table 6.1 Clinical activity score for assessment of ophthalmopathy activity [10]. Each item in the list has 1
point, and ≥3/7 points indicate active Graves’
ophthalmopathy

Table 6.2 Severity measures of Graves’ ophthalmopathy
[10]

Spontaneous retrobulbar pain
Pain on attempted up- or downgaze
Redness of the eyelids
Redness of the conjunctiva
Swelling of the eyelids
Inflammation of the caruncle and/or plica
Conjunctival edema

Treatment of hyperthyroidism is vital for
Graves’ ophthalmopathy patients, as thyroid
dysfunction can aggravate the orbital
inflammation. Antithyroid drugs, radioiodine
therapy, and thyroidectomy are used for the
treatment of hyperthyroidism. Among those
treatment options, radioactive iodine has been
postulated to activate and worsen the
ophthalmopathy, which can be prevented by
concomitant usage of oral or intravenous steroids
[9, 18]. Local treatment modalities, such as

Lid aperture (in mm)
Swelling of the eyelids (absent/equivocal, moderate,
severe)
Redness of the eyelids (absent/present)
Redness of the conjunctivae (absent/present)
Conjunctival edema (absent/present)
Inflammation of the caruncle or plica (absent/present)
Exophthalmos (measured in mm with Hertel
exophthalmometer)
Subjective diplopia score (0 = no diplopia,
1 = intermittent, 2 = inconstant, 3 = constant)
Eye muscle involvement
Corneal involvement (absent/punctate keratopathy/
ulcer)
Optic nerve involvement (visual acuity, color vision,
optic disk, relative afferent pupillary defect, visual
fields)

lubricant eye drops, prisms to correct diplopia, or
botulinum toxin for upper lid retraction, are
recommended if the ophthalmopathy is mild, and
intravenous steroids and/or radiotherapy is
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spared
for
moderate-to-severe
active
ophthalmopathy [9]. Somatostatin analogs,
nonsteroidal anti-inflammatory drugs (NSAIDs),
intravenous immunoglobulins, selenium, DNA
synthesis inhibitors, and tumor necrosis factor-α
(TNF-α) are the other options suggested for
treatment of Graves’ ophthalmopathy [19].
Cessation of smoking should be advised, as
smoking is an important risk factor for the
development of ophthalmopathy. For patients
with moderate-to-severe inactive ophthalmopathy,
rehabilitative surgery can be performed.
Assessment of ophthalmopathy activity is
essential for treatment planning, as radioiodine
treatment itself could exacerbate eye
involvement. Exophthalmos had started 2 years
ago in our patient, which suggests that
ophthalmopathy has probably reached the
inactive static phase. Only mildly elevation of
TRAB levels also supports the inactive phase of
the disease. However, MRI findings show that in
addition to retro-orbital fat tissue expansion,
extraocular muscle volume is increased, and T2
relaxation time is prolonged, suggesting that
disease may still be in the active stage. Although
MRI findings and CAS score generally correlate
with each other, controversies can also occur, as
seen in our case. Therefore, we have suggested
to give radioiodine therapy with oral
glucocorticoids to avoid any radioiodine-related
exacerbation of the disease.

6.3

Follow-Up and Outcome

One month after radioiodine therapy, serum TSH
was 0.4 μIU/ml, and both fT3 and fT4 were
within normal limits under methimazole
(4 tablets/day) treatment. On third-month
follow-up, TSH was 0.9 μIU/m and fT3 and fT4
were within normal limits under one tablet/day
methimazole treatment. On sixth-month
follow-up, TSH level increased to 5 μIU/ml, and
l-thyroxine supplementation (37 mcg/day) was
initiated. No significant change was observed in
the eye examination, and CAS score remained
one during 6-month follow-up.
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What Can We Learn from This Case?

• Euthyroid status and cessation of smoking should be maintained to avoid progression of Graves’ ophthalmopathy.
• Assessment of ophthalmopathy activity
is needed for treatment planning of
patients.
• MRI and CAS score are generally used
to assess ophthalmopathy activity.
• Corticosteroids or radiotherapy are
spared for active ophthalmopathy.
• Radioiodine can exacerbate ophthalmopathy in the active phase unless given
with corticosteroids.
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Surgery in Graves’ Disease
Belma Koçer

Abstract

Graves’ disease (GD) is an autoimmune disorder associated with hyperthyroidism, diffuse
goiter, ophthalmopathy, dermopathy, and thyroid acropachy. Hyperthyroidism in GD is
caused by stimulatory autoantibodies to TSHreceptor antibody. Typical signs and symptoms of thyrotoxicosis, ophthalmopathy,
elevated thyroid hormone levels, and
decreased serum TSH levels with or without
the presence of serum thyroid antibodies confirm the diagnosis of GD. Thyroid ultrasound
also provides useful prognostic information in
terms of thyroid volume and vascularity.
Radionuclide imaging is helpful in situations
where thyroiditis cannot be distinguished
from Graves’ hyperthyroidism.
Treatment options for GD are medication,
radioactive iodine treatment (RAT), or thyroidectomy. Antithyroid drugs (ATD) are
often chosen as a primary treatment, and they
are also used as pretreatment in selected
patients prior to definitive treatment. For the
management of resistant thyrotoxicosis, surgery or RAT is the treatment option. RAT is
indicated in women planning a pregnancy in
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Department of Breast and Endocrine Surgery,
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later than 4–6 months and patients with contraindication to ATD use or failure to medical
therapy with ATDs. Surgery is usually considered for patients who have a large goiter, compressive symptoms, and a risk for malignancy
and for women desiring pregnancy within
4–6 months or having significant ophthalmopathy. Total and near-total thyroidectomy is the
recommended operation for patients undergoing surgery for GD. Nodular lesions are also
detected in GD and would be managed in a
similar manner as that in patients without this
disorder. Papillary thyroid cancer might also
coexist with GD. We present a case that highlights management options in patients with
resistant thyrotoxicosis. Radioactive iodine
and surgery are definitive modes of treatment,
while beta-blockers, glucocorticoids, Lugol’s
solution, and cholestyramine can be used for
rapid preoperative preparation in patients with
resistant GD and to achieve euthyroidism.

7.1

Case Presentation

A 27-year-old woman attended the endocrine
clinic with complaints of tachycardia, tremor,
heat intolerance, weight loss, and fatigue for
6 months after the first labor. On presentation,
her blood pressure was 140/80 mm Hg, and
pulse was 120 beats per minute. Her electrocar-
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diogram was consistent with sinus tachycardia.
Her physical examination was remarkable for
mild bilateral exophthalmos, tremor, and a diffusely enlarged and firm goiter. The serum TSH
level was <0.05 mU/I (normal range 0.35–
4.94 mU/I), and the serum-free triiodothyronine (FT3) and serum-free thyroxine (FT4)
levels were elevated (FT3, 22.9 pmol/I, range
2.62–5.69 pmol/I; FT4, 40.7 pmol/L; normal
range 9.00–19.04 pmol/I). Serum anti-TSHreceptor antibodies (TRAb) were markedly
increased to 20 IU/L (range 0–1.5 IU/L),
Fig. 7.1 Ultrasonographic
appearance of the thyroid
gland of the patient. The
parenchyma shows
heterogeneous
echogenicity
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whereas antithyroglobulin antibodies (Tg-Ab)
and anti-peroxidase antibodies (TPO-Ab) were
absent. Serum beta-hCG was negative.
Ultrasonography of the thyroid gland revealed
mild diffuse enlargement, with the parenchyma
showing heterogeneous echogenicity (Fig. 7.1).
Hypervascularity was detected on Doppler
USG (Fig. 7.2). A hyperechogenic nodule measuring 4 × 3 mm was detected in the left lobe.
Fine needle aspiration biopsy (FNAB) was not
performed because of the size of the nodule and
the unsuspicious appearance. Technetium-99
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Fig. 7.2 Hypervascularity
in the thyroid gland on
Doppler USG

Pertechnetate scan of the thyroid gland showed
diffuse enlargement with inhomogeneously
increased activity, with uptake of 7.07%
(Fig. 7.3). Based on the clinical presentation
and laboratory findings, we diagnosed the condition as thyrotoxicosis due to Graves’ disease
(GD) with a nodular variant. Treatment with
methimazole [MMI (30 mg/day) with divided
doses] was started along with propranolol
(40 mg/dL with divided doses); however,
methimazole was increased up to 60 mg/day as
there was no improvement in symptoms despite
3 months of treatment. The patients didn’t get
response to maximum doses of methimazole.
High doses of prednisolone (1 mg/kg/day)

along with cholestyramine (4 g every 6 h) for
2 weeks were then given to the patient. In addition, daily treatment with 0.5 mL (7 drops–
375 mg) of Lugol’s solution was also given for
the last 7 days. After treatment with steroids,
cholestyramine, and Lugol’s solution, the
patient showed progressive improvement of
symptoms and signs of thyrotoxicosis with
normalization of FT3 and FT4 levels. A total
thyroidectomy was performed without any
complication. Histopathological findings were
conclusive for 5-mm papillary microcarcinoma
(PTC) and follicular variation on the left lobe,
with no lymphovascular invasion and extrathyroidal invasion (Fig. 7.4).
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Fig. 7.3 Technetium-99 Pertechnetate scan of the patient. The thyroid gland shows diffuse enlargement with inhomogeneously increased activity, with an uptake of 7.07%

7.2

Discussion

7.2.1

Evaluation and Diagnosis

We report a case of thyrotoxicosis in a patient
with GD that was resistant to antithyroid drugs
but successfully responded to additional treatment with high-dose steroids, cholestyramine,
and Lugol’s solution prior to thyroidectomy so
that surgery could be administered later.
GD is an autoimmune disorder char
acterized by hyperthyroidism, diffuse goiter,

ophthalmopathy, and, in rare cases, dermopathy
and thyroid acropachy. TRAb is responsible
for
causing
hyperthyroidism.
Thyroid
dermopathy that comprises 1% of all GD cases
consists of pretibial cutaneous nodules or
diffuse thickening. Graves’ ophthalmopathy
(GO) is clinically relevant in approximately
25–50% of patients with GD, of whom about
3–5% have severe ophthalmopathy. Smoking,
the level of thyroid dysfunction, the presence
of persistently elevated TRAb levels, and the
type of the treatment (RAT) influence the
development and course of the GO [1].
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Fig. 7.4 Histopathological
image of the patient’s
thyroid gland. Histological
findings of GD are usually
hyperplastic and dilated
follicles of variable size
with scalloping of the
colloid in the follicle.
Papillary microcarcinoma
is shown by three arrows.
↑, normal thyroid tissue;
↑↑, lymphocytic
inflammatory cell
infiltration; ↑↑↑, papillary
carcinoma

Diagnosis of GD depends on the presence of
cardinal signs and symptoms of thyrotoxicosis,
ophthalmopathy, elevated free or total thyroid
hormone levels, and reduced serum TSH levels
with or without the documented presence of
serum thyroid antibodies. Thyroid ultrasound
also provides useful prognostic information in
terms of thyroid volume and vascularity.
Radionuclide imaging is not essential for the
diagnosis, but it is helpful in situations where
thyroiditis cannot be distinguished from Graves’
hyperthyroidism [2].

7.3

Management

GD is managed with medication, RAT, or thyroidectomy (Table 7.1). Several factors are considered in providing recommendations and
choosing the treatment modality. Pharmacologic
therapy is often chosen as first-line therapy for
GD treatment. GD can be treated with medications that block thyroid hormone synthesis using
drugs such as methimazole and carbimazole and
also those that block peripheral T4 to T3 conversion using propylthiouracil. However, these drugs
have well-known side effects; the most serious
potential side effect are agranulocytosis, and

hepatotoxicity, along with other side effects such
as loss of taste, gastrointestinal upset, arthralgia,
and most commonly rash, which can be severe.
Antithyroid drugs can be used as primary treatment, and they are also used as initial treatment
in selected patients prior to RAT and in surgery.
Using antithyroid drugs, cure can be achieved for
12–18 months, which is sustained in around
40–50% of patients [3, 4].
A second possibility is radioactive iodine
treatment that is indicated in women planning a
pregnancy in later than 4–6 months and patients
with contraindication to ATD uses or failure to
achieve euthyroidism with ATDs or recurrent
hyperthyroidism. Factors favoring pursuit of
RAT over surgery include patients with a previously operated neck or externally irradiated necks
or lack of access to a high-volume thyroid surgeon and those with comorbidities that increase
the operative risks. RAT results in hypothyroidism in 80–85% of patients [5, 6]. Contraindications
to RAT include pregnancy, lactation, and coexisting presence of thyroid cancer and patients with
moderate to severely active GO [6]. The use of
RAT therapy allows 15–30% risk of inducing or
aggravating Graves’ orbitopathy [6, 7]. A recent
guideline recommended corticosteroid prophylaxis with RAT in patients with mild to moderate
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Table 7.1 Treatment modality for Graves’ disease: advantages, disadvantages, and success of treatment
Modality
Antithyroid drugs

Advantages
No ablative therapy

Radioactive iodine
treatment (I-131)

– Definitive treatment
– Few side effects

Surgery

– Rapid control of
thyrotoxicosis
– Definitive histology results
– Immediate relief of the
pressure symptoms in those
with a large gland
– Performed during pregnancy
(second trimester)
– Reduced need for regular
follow-up
– Rapid decline of TRAb levels

GO and in patients who have risk factor worsening
disease (such as tobacco smoking) and in patients
with moderate Graves’ orbitopathy [6].
Another option is surgery, which is often considered in cases of recurrence or intolerance of
GD after medical therapy. Surgery is recommended in patients with symptomatic compression or large goiters (>80 g), risk for malignancy
(e.g., suspicious or indeterminate cytology), and
large thyroid nodules, especially if >4 cm or if
nonfunctioning or hypofunctioning nodules on
I123 or Tc99m pertechnetate scanning, associated
with hyperparathyroidism; women desiring a
pregnancy within 4–6 months, especially if
TRAb levels are particularly high; and patients
with moderate to severely active GO. Pregnancy
is a relative contraindication, and surgery should
only be used in the patients who cannot be adequately treated with antithyroid medications (i.e.,
those who develop an allergic reaction to the
drugs) or resistance to ATDs or in circumstance
when rapid control of hyperthyroidism is

Disadvantages
– Minor side effects <5%
– Major side effects 0.2–0.3%
– Recurrent thyrotoxicosis
– Hypothyroidism time is less
predictable
– Lifelong thyroid hormone
replacement
– Radiation thyroiditis
– Avoids pregnancy for
4–6 months
– Contraindicated in pregnancy or
breastfeeding
– Prolonged increase in TRAb
levels
– Inducing or aggravating
Graves’ orbitopathy (15–30%)
– Requires lifelong replacement
therapy
– Risk of hypoparathyroidism
and recurrent laryngeal nerve
injury

Success of treatment
40–50% remission
80–85% permanent
hypothyroidism

– Definitive
treatment (100%)

required. Optimally, thyroidectomy is performed
in the second trimester [6, 8]. Our patient had
mild bilateral exophthalmos and desired pregnancy in the near future; therefore, we chose surgery as a definitive treatment modality.
In European countries, ATDs tend to be the
first-line treatment. Failure or intolerance of
medical therapy is the most common reason for
patients requiring definitive treatment for GD [9].
In the USA, endocrinologists favor RAT in 58.6%
of the patients with GD, antithyroid drugs in
40.5%, and less than 1% for surgery [10].
Different approaches have been used for the
management of resistant thyrotoxicosis, while
surgery or radioiodine therapy is the treatment
option. However, achieving a euthyroid state
before definitive treatment is often necessary.
TSH levels usually remain suppressed due to prolonged hyperthyroidism in patients who have
otherwise normalized their T4 and T3 levels with
therapy. Beta-blockers and high-dose glucocorticoids inhibit the peripheral conversion of T4 to
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T3, while inorganic iodide (Lugol’s solution) and
iopanoic acid decrease the synthesis and release
of thyroid hormone [11], and cholestyramine
enhances the enterohepatic excretion of thyroxine [12]. High-dose glucocorticoids can be added
to antithyroid drugs in the management of thyroid
crisis and for rapid preoperative preparation of
resistant thyrotoxicosis. These agents could be
recommended preoperatively in patients with GD
with failed medical treatment, especially if side
effects of antithyroid drugs have occurred [13].
Our patient had achieved euthyroidism after
addition of steroids, cholestyramine, and Lugol’s
solution to high-dose thionamides and β-blocker
treatment.
Antithyroid drug therapy resulted in a higher
rate of adverse reactions (17.3%) than that with
RAI (1.2%) and surgery (5.7%). This led to the
discontinuation of ATDs and a change in therapy
in 58% of these patients [4]. Patients may be
switched from one drug to another when
necessary due to minor side effects, but 30–50%
of patients have a similar reaction to each drug.
ATD therapy has also been associated with a
higher relapse rate (48%) than that with RAI
therapy (8%), whereas surgery has a 100%
success rate [14].
Surgery provides definitive control of hyperthyroidism; it protects against the side effects of
RAT and the potential side effects of ATD. The
rates of surgical complications have been reported
to be higher in patients with GD after thyroid surgery. Complications of surgery include transient
and permanent hypoparathyroidism and recurrent laryngeal nerve damage in approximately
1–4% of patients. In a meta-analysis potential
complications of thyroidectomy for GD were
reported as hypocalcemia (32.5% temporary,
2.6% permanent), recurrent laryngeal nerve
injury (3.43% temporary, 1.46% permanent), and
immediate postoperative bleeding (<1%) among
eight studies. In addition, new or worsened GO
(15–33%), especially in smokers and those with
radiation thyroiditis (1%), were common RAT
complications identified by their analysis [14].
Vincent et al. reported that the complication rate
of surgery was higher compared to the RAT
group (36.9% vs. 2.7%); however, all the compli-
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cations were transient [5]. High-volume thyroid
surgeons who regularly perform thyroid surgery
encounter lower surgical complication rates [15].
The recommended surgery for GD is total thyroidectomy as subtotal thyroidectomy carries a
significant risk of recurrent thyrotoxicosis, which
has been reported to occur in up to 30% of
patients, and moreover, reoperative completion
thyroid surgery is associated with a higher complication rate [16]. Total and near-total thyroidectomy is a safe and effective method of treating
GD [6].
Diffuse thyroid enlargement is most frequent,
but several patients with GD who live in iodinedeficient regions have coexisting nodular goiter.
The prevalence of palpable thyroid nodules in
patients with GD is around 15% [17] and fivefold
higher than that in the general population [18].
Nodular lesions in GD could be managed in a
similar manner as that in patients without this
disorder, i.e., FNAB of the sonographically suspicious nodules and preferably hypoechoic solid
nodules. The patients with GD more frequently
showed atypical PTC findings on ultrasonography. The frequency of perinodular hypervascularity was significantly higher, and the frequency of
hypoechogenicity was significantly lower in PTC
patients with GD than that in PTC patients without GD [19].
FNAB is now accepted as a standard procedure for identifying neoplastic nodules arising in
GD and is highly specific in PTC diagnosis; however, cytological and architectural atypia was
commonly observed in nonneoplastic nodules
arising in GD, especially in patients who underwent antithyroid treatment and prior RAT. The
rate of indeterminate diagnoses has been reported
to be significantly high (39.1%) [20]. Total thyroidectomy is recommended for FNAB diagnosis
of PTC and suspicious PTC [21].
Papillary thyroid cancer also coexists with
GD. The American Thyroid Association states
that the frequency of thyroid cancer in patients
with GD is 2% or less [6]; however, Staniforth
JUL reported a meta-analysis showing that carcinoma occurred in 23% of GD cases with nodules,
the proportion of carcinoma was only 5% in
patients with no nodules, and 38% of the malig-
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nancy associated with the nodules was papillary
microcarcinoma [18]. PTC was the most frequently reported cancer type. In several cases, the
carcinomas are found incidentally during postoperative histological examination of the thyroid,
and the majority of them are low-risk papillary
thyroid microcarcinomas without lymph node
metastasis or lymphovascular and extrathyroidal
invasion. In one study, patients with GD and
microcarcinomas showed a longer disease-free
survival and an excellent prognosis compared
with those in euthyroid patients with cancer of
equal size [22]. However, Pellegriti et al. reported
that nonoccult DTCs occurring in patients with
GD caused increased disease-specific mortality
compared to that with DTCs in matched euthyroid control patients [17]. Further studies are
needed to fully clarify the prognosis of thyroid
carcinoma occurring in patients with GD.

7.4

What Can We Learn from This Case?

• Failed medical therapy or intolerance of
antithyroid drugs is the most common
reason for patients requiring definitive
treatment for GD.
• Thyrotoxic patients should be as close
as possible to clinical and biochemical
euthyroidism before going to surgery.
• Beta-blockers, high-dose glucocorticoids,
Lugol’s solution, and cholestyramine can
be used for the rapid preoperative
preparation of resistant thyrotoxicosis.
• Total thyroidectomy should be the optimal surgical treatment for GD.
• GD might be coexisting with papillary
thyroid cancer.
• DTC associated with GD should be
treated and followed up according to the
ATA guideline for DTC.

Follow-Up and Outcome

Serum thyroglobulin measurements with thyroglobulin antibodies and neck USG were performed as part of the early postoperative
evaluation in our patient. The patient has been
evaluated as showing an excellent response (no
clinical, biochemical, or structural evidence of
disease) and not requiring RAI ablation.
According to the ATA guidelines for DTC, RAI
ablation is not routinely recommended after
lobectomy or total thyroidectomy for patients
with unifocal papillary microcarcinoma in the
absence of other adverse features. The patient
was started on a replacement dose of thyroid hormone, and her TSH levels were maintained
between 0.5 and 2 mU/L [21].
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Surgery in Hyperthyroidism: Toxic
Adenoma and/or Multinodular
Goiter
Türkay Kırdak

Abstract

Toxic multinodular goiter is observed in areas
of endemic iodine deficiency and commonly
in elderly individuals. Diagnosis and assessment are made easily by physical examination,
serum thyroid function tests, ultrasonography, and scintigraphy. The disease presents
with subclinical hyperthyroidism in a significant part of the patients. Radioactive iodine
therapy and surgery are two basic treatment
methods of the disease with specific advantages and disadvantages. Selection of the
treatment method is made upon factors about
the disease, patient, and physician. This paper
presents a case with toxic nodular goiter and
discusses treatment options.

8.1

Case Presentation

A 64-year-old female patient has presented with
complaints of swelling and pressure in the cervical region for 10 years, fatigue, and palpitations.
She has been using propylthiouracil 100 mg/day
for 3–4 years due to hyperthyroidism. The patient
T. Kırdak
Division of Endocrine Surgery, Department of
Surgery, Uludag University Faculty of Medicine,
Bursa, Turkey
e-mail: tkirdak@uludag.edu.tr

had been recommended to have surgery due to
hyperthyroidism previously with a pre-diagnosis
of toxic multinodular goiter (TMNG), but she
had abstained from the operation. She presented
to our clinics due to exacerbation of her
complaints.
Physical examination revealed an easily
detectable and palpable, significantly grown,
painless, asymmetric thyroid gland with mild
retrosternal extension and moderate stiffness,
including various-sized nodules on the surface.
No enlarged lymph node was detected on palpation. No significant ophthalmopathy was
observed. The remaining systemic examinations
were normal.
Laboratory analyses included thyroid-stimulating hormone (TSH), free T3 and free T4,
which were measured to be 0.125 μIU/mL (normal range: 0.350–4.940), 2.23 pg/mL (normal
range: 1.71–3.71), and 1.20 ng/dL (normal range:
0.70–1.48), respectively. The level of thyroglobulin was slightly over the normal range. The level
of 25-OH vitamin D was 12 μg/L. Complete
blood count and biochemical analyses, level of
TSH receptor antibodies, and electrocardiography examination were normal. The patient, who
had been receiving antihypertensive medication
for hypertension, had no family history of goiter
or thyroid cancer.
Cervical ultrasonography (USG) revealed an
enlarged thyroid gland with bilateral retrosternal
extension, more significant on the right. Many
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nodules were detected bilaterally, the largest
being a regular bordered isoechoic nodule located
in the inferior aspect of the right lobe with a 4 cm
longitudinal length, which included an area of
cystic degeneration. A 2-cm-sized, partially
irregular bordered, hypoechoic nodule was notable in the inferior aspect of the left lobe as well.
No lymph node of pathological size was observed
in the cervical region.
The thyroid scintigraphy performed with
Tc-99m pertechnetate revealed that the thyroid
gland was greater than its normal size and
included a hyperactive nodule of 4 cm in the right
lobe and a smaller hyperactive nodule in the
superior aspect of the left lobe. Suppressed areas
were also notable.
Atypia of undetermined significance was
reported for the fine needle aspiration (FNA)
biopsy obtained from the suspicious nodule
located in the inferior aspect of the left thyroid
lobe. The patient underwent total thyroidectomy.
The blood parathormone and total calcium levels
measured at the postoperative 12 h were 12 pg/mL
(normal range: 15–68.3) and 7.8 mg/dL (normal
range: 8.4–10.2), respectively, and oral calcium
and vitamin D treatment was begun for the patient
and discharged in the first day postoperative. No
complication was observed. The pathology report
revealed benign nodular colloidal goiter. Thyroid
hormone replacement was begun. Calcium and
vitamin D replacements were stopped during the
follow-up period. The blood parathormone and
calcium levels were found to be within normal
ranges in the sixth month postoperatively.

8.2

Discussion

8.2.1

Evaluation and Diagnosis

Nodular goiter is frequent among areas of
endemic iodine deficiency [1]. In these cases,
hyperplasia and nodule formation are observed
in the thyroid gland in time as a result of chronic
stimulation. As the stimulation continues, the
number and sizes of the nodules, as well as the
sizes of the thyroid gland, increased over time,
and nontoxic multinodular goiter (MNG) sub-

sequently develops. In these cases, the volume
of the thyroid gland is increased directly proportional to the age and duration of goiter. It
has been reported that the increase in the volume of the gland is approximately 4.5% annually [2]. If MNG is not treated, some of the
nodules may gain autonomy with the effect of
somatic mutations in time, and TMNG may
appear due to the excessive amount of thyroid
hormone they secrete. In these cases, hyperthyroidism appears subclinically at the beginning
and turns into clinical type [3, 4]. Eventually,
the thyroid gland may reach extremely large
sizes in cases with TMNG in years. Almost half
of the cases are asymptomatic, and symptoms
related to airway compression or swallowing
may appear in 15% of the cases [5]. The transition from nontoxic MNG to TMNG necessitates a certain period. Díez [6] reported that
91% of their cases had been diagnosed within
the last 10 years of life. Therefore, the incidence of TMNG-dependent hyperthyroidism is
higher in the elderly [1, 6]. The median age of
the patients was found to be 68, and 85% was
found to be older than 55 years [2]. Our case
was older than 60 years of age as well and had
a nodular thyroid gland considerably enlarged
in time along with hyperthyroidism, which
were consistent with the data above.
In cases with hyperthyroidism treated with
radioactive iodine (RAI), the all-cause mortality,
morbidity, and mortality related to cardiovascular
and cerebrovascular causes or fractures have
been observed to increase [7, 8]. Cardiac complications are observed in 32% of the cases [5]. It
was previously believed that mortality was independent from the etiology of hyperthyroidism
[2]. However, it has recently been reported that
the mortality rates among patients with TMNG
were higher compared to those of patients with
Graves’ disease [8]. Therefore, hyperthyroidismrelated complications should be investigated in
patients with TMNG. In our case, no important
complication was observed except for
hypertension.
Subclinical hyperthyroidism (suppressed TSH
and normal T4) has been determined in 82% of
the cases with TMNG [9]. The clinical outcomes
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of subclinical hyperthyroidism are minimal, and
the issue of whether it should be treated or not is
under debate. However, treatment is recommended in case of a TSH level of <0.1 mIU/L and
when the age of the patient is >65, or when the
patients have comorbidities such as cardiovascular disease or osteoporosis [10, 11]. Since subclinical hyperthyroidism may be a messenger of
clinical hyperthyroidism (suppressed TSH and
high T4), patients who are not treated should be
closely followed up.
In cases of hyperthyroidism with nodular
gland, toxic nodular goiter should be the first prediagnosis to be made. However, physical examination and USG may not be sufficient for the
differential diagnosis. Thyroid scintigraphy is
important in the differential diagnosis of hyperthyroidism [12]. In our case, TMNG was considered due to our observation of bilateral hot
nodules on the scintigraphy and normal TSH
receptor antibody levels.
The incidence of thyroid cancer is similar
among cases with TMNG, toxic adenoma (TA),
and MNG, which varies between 4% and 11%
[13, 14]. However, Smith et al. [15] determined a
rate of incidental cancer of 18% in toxic nodular
goiter. Furthermore, they reported that the incidental cancer rate among cases with TMNG
(21%) was significantly higher compared to that
of cases with TA (4.5%). However, most of the
cancer types determined in these cases are micropapillary [14, 15]. No matter what the rate of the
cancer is, evaluation of the nodules in TMNG is
similar to that of MNG. However, as known, thyroid scintigraphy is facilitative in detecting
hyperfunctioning nodules with low malignancy
risk (hot) and hypofunctioning nodules with high
malignancy risk (cold) in cases with
TMNG. Therefore, the concurrent presence of
scintigraphic findings with USG findings has
been recommended for the decision of nodules to
undergo FNA biopsy in cases with hyperthyroidism [16]. In our case, the decision of biopsy was
made since the 2 cm nodule located in the inferior pole of left thyroid lobe was sonographically
suspicious, and it was not hyperfunctioning
according to the scintigraphic findings. The
biopsy report revealed atypia of undetermined
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significance. The biopsy was not repeated since a
decision for total thyroidectomy was made
already due to TMNG. In these cases, cytological
evaluation is not always necessary if there is no
doubt of cancer in thyroid nodules smaller than
1 cm [16].
Preparation of patients with hyperthyroidism
for surgery is important. In order to minimize the
risk of thyrotoxic goiter in patients with TMNG,
the T3 and T4 levels should be kept within normal ranges in the preoperational period. Surgery
is not inconvenient in the presence of subclinical
hyperthyroidism. In the presence of an accompanying disease, sufficient evaluation and preparation should be made prior to anesthesia. In these
cases, the use of beta-blockers prior to surgery
may reduce the symptoms. Our patient had subclinical and controlled hyperthyroidism and was
receiving antithyroid medication. The decision of
surgery could be made nonproblematically.

8.2.2

Management

Long-term medication with antithyroid drugs is
not recommended in toxic nodular disease due to
its side effects. The latest ATA guidelines recommend surgery or RAI therapy for precise treatment of TMNG or TA [12]. However, these
methods have advantages and disadvantages as
well. The recurrence risk of hyperthyroidism is
almost none following surgical treatment, and the
disease is controlled within days. However, all
patients need thyroid hormone replacement in the
postoperative period. Furthermore, complications such as permanent hypocalcemia or recurrent nerve injury specific to thyroidectomy may
be observed although as low as 2% [5, 9]. There
is no risk of surgery-related complication following RAI. Patients remain euthyroid in the longterm, and hyperthyroidism develops in 72% of
the patients within 26 years [17]. On the other
hand, a longer time is needed for control of the
hyperthyroidism (mean: 5.4 months) following
RAI, and control may not be provided in 15–22%
of the patients despite the therapy [5, 18].
Furthermore, although not frequent, some of the
patients may refuse to receive treatment due to
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the long-term carcinogenic effects of radioactivity.
Therefore, various criteria should be considered
for the decision of therapy selection. For example, surgery should be the first-line therapy for
the presence of malignant or suspicious nodules
in TMNG. Thyroidectomy also provides rapid
elimination of compressive symptoms just after
the surgery in cases with large and retrosternal
goiter. However, RAI therapy provides a regression in the thyroid volume in 38% of the cases
[5]. Furthermore, the regression in thyroidal volume is limited and is approximately 40% [19].
Therefore, compressive symptoms may not completely disappear. In cases with previous thyroidectomy or cervical surgery, in elderly individuals
and those with serious accompanying disease,
RAI may be the first-line therapy. On the other
hand, if surgery is planned for patients with
TMNG, it has been recommended that surgery
should be performed by thyroid surgeons who
have a large patient volume in order to reduce the
risk of complications [20]. In the absence of an
experienced surgeon, the patient may be referred
for RAI therapy. The patient choice is another
important factor in therapy selection. Therefore,
the treatment selection should be made upon the
common decision of the patient and the doctor. In
our case, surgery was selected due to the presence of a large goiter that led to compressive
symptoms, the absence of an accompanying disease that could increase the risk of the surgery,
and absence of a previous cervical operation or a
suspicious thyroid nodule.
The recommended surgical approach was
total/almost total thyroidectomy in cases with
TMNG and hemithyroidectomy in cases with TA
[21]. In this case, the risk of recurrence is almost
zero. Subtotal thyroidectomy is not currently preferred due to its high risk of morbidity in case of
a recurrence or a need for a reoperation. The
blood TSH levels of the patients undergoing
hemithyroidectomy should be followed up in the
postoperative period due to the risk of
hypothyroidism.
A careful and precise surgery is important in
avoiding complications during thyroidectomy.

The strap muscles may be surgically cut when
needed in order to provide a good exploration.
The vascular structures should be carefully
bound. The thyroid capsule should be set free via
dissection, bilateral recurrent laryngeal nerves
should be visualized, and the parathyroid glands
should be protected with their vascular pedicles.
Unprotected parathyroid glands should be
implanted into sternocleidomastoid muscle. The
superior laryngeal nerve should be visualized. If
it cannot be visualized, medial capsular dissection and close and separate binding of the vessels
to the thyroid gland are recommended in the
upper pole due to the close relationship of the
vessels and nerves in the upper pole [22, 23].

8.3

The Future

There are also local treatment methods for
TMNG and TA such as ethanol injection or radiofrequency ablation. Although successful outcomes of percutaneous treatment methods have
been reported, these methods have not been introduced as routine methods used in the treatment of
toxic nodular disease yet. Thus, percutaneous
methods are generally recommended in patients
not proper for surgery or RAI. Further studies are
needed in order to introduce percutaneous methods into routine algorithms of toxic nodular
disease.

What Can We Learn from This Case?

• The thyroid gland may reach extremely
large size in cases with TMNG in years.
• The toxic nodular disease should be
treated due to its local, as well as its systemic, effects.
• RAI and surgery are two different methods of therapy with their advantages and
disadvantages. Selection of the treatment method should be made upon factors related to the disease, the patient,
and the physician.
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A Case of Sarcoidosis,
Differentiated Thyroid Carcinoma,
and Graves’ Disease in the Thyroid
Gland
Filiz Özülker and Tamer Özülker

Abstract

Sarcoidosis is an idiopathic chronic, systemic,
and noncaseating granulomatous disease
involving multiple systems. There have been
reports indicating that there might be an
association between autoimmune thyroid
diseases
and
sarcoidosis.
Pulmonary
sarcoidosis has also been known to coexist
with malignancies including differentiated
thyroid cancer. It is not clear whether patients
with sarcoidosis tend to develop malignancies
or
malignancies
induce
sarcoidosis.
Overlapping of clinical and radiological
findings between malignancies and sarcoidosis
causes a difficulty in the management. We
present a case of a 49-year-old female patient
who had sarcoidosis, autoimmune thyroid
disease, and differentiated thyroid cancer.

9.1

Case Presentation

A 49-year-old female patient who had been suffering from unexplained fever, weight loss, weakness, fatigue, and a dry, hacking cough for the
last 6 months was referred to the chest diseases
F. Özülker · T. Özülker (*)
Department of Nuclear Medicine, University of
Health Sciences (SBÜ), Okmeydanı Training and
Research Hospital, Istanbul, Turkey

department. On examination there was no significant finding other than a palpable thyroid gland.
Laboratory examination results were as follows: TSH 0.01 (0.27–4.20) μIU/mL, free triiodothyronine (fT3) 10.3 (2.0–4.4) pg/mL, free
thyroxine (fT4) 2.48 (0.93–1.70) ng/dL, antithyroglobulin antibody (anti-Tg) 124.5
(<115) IU/mL, antithyroid peroxidase (antiTPO) 279 (<34) IU/mL, calcium 10.67
(8.6–10) mg/dL, parathormone (PTH) 32
(8–51) pg/mL, urinary calcium 150 (20–
275) mg/24 h, angiotensin-converting enzyme
(ACE) 72 IU/L (range, 8–52 IU/L), WBC 12
(4.1–11.2) × 103/μL, hemoglobin 14.7 (11.7–
15.5) g/dL, and thrombocyte 374 (160–
390) × 103/μL. Computerized tomography (CT)
of the chest revealed bulky lymphadenopathy
throughout the chest, including bilaterally hilar,
subcarinal, aortopulmonary window and paratracheal lymph nodes. 18F-FDG positron emission tomography (PET)/CT which was carried
out for metabolic characterization of mediastinal lymph nodes and exploring any possible
malignancy revealed intense accumulation of
18
F-FDG in the conglomerated mediastinal
lymph nodes (SUVmax 27.6). Heterogenous
FDG uptake with moderate intensity was also
noted in the thyroid gland (Fig. 9.1). Sputum
smear and sputum culture for bacteria and fungus were negative. Sputum and bronchoalveolar lavage (BAL) fluid did not reveal any foreign
body. Tubercle bacilli test or viral and immune
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Fig. 9.1 18F-FDG PET/CT study showing hypermetabolic mediastinal lymph nodes in MIP images (left column),
increased heterogenous FDG uptake in the thyroid gland on axial PET and fusion images (right column)

serum tests were normal. Transbronchial lung
biopsy, transbronchial needle aspiration of subcarinal and paratracheal lymph nodes, and
bronchoalveolar lavage were performed, and
histological analysis of the mediastinal lymph
node biopsy showed a chronic, noncaseating,
granulomatous inflammation. The ultrasonography (USG) of the thyroid gland revealed two
hypoechoic nodules 6 mm in diameter and an
enlarged gland with a heterogeneous,
hypoechoic echotexture suggestive of autoimmune thyroid disease. Thyroid scintigraphy
with 99mTc-pertechnetate showed a substantially increased diffuse uptake in both lobes and
hypoactive area at the inferior pole of the right
lobe adjacent to the isthmus, corresponding to a
thyroid nodule (Fig. 9.2).
In the light of these findings, the patient was
diagnosed with sarcoidosis and autoimmune
thyroid disease (Graves’ disease); oral

Fig. 9.2 Thyroid scintigraphy with 99mTc-pertechnetate
showed a substantially increased diffuse uptake in both lobes
and hypoactive area at the inferior pole of the right lobe adjacent to the isthmus, corresponding to a thyroid nodule
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prednisolone and methimazole were prescribed.
The symptoms of the patient gradually receded
with the administration of corticosteroid, and the
patient became euthyroid. Two years later, a
repeat USG revealed an enlargement in the two
right-sided hypoechoic thyroid nodules with
sizes of 12.2 × 7 and 10 × 7.5 mm, showing
microcalcifications, irregular margins, and
increased internal vascularization.
There were also newly developed subcentimeter hypoechoic nodules in the left thyroid lobe.
Fine needle aspiration biopsy (FNAB) came out
as papillary thyroid carcinoma (Bethesda VI).
The patient underwent total thyroidectomy, and
histopathology revealed multifocal papillary thyroid carcinoma with BRAFV600E mutated and
showed five foci in both lobes, largest one being
2 cm in diameter. There was no vascular invasion,
extrathyroidal extension, or metastatic lymph
node involvement. The pathologic stage of the
patient was pT1bN0M0 (Stage I) per the AJCC/
TNM VIII system [1], and it was in intermediate
risk group according to ATA guideline (2015) [2].
The patient was given 100 mCi (3700 MBq) 131I, and the uptake at the remnant thyroid tissue in
the neck without any other pathological uptake at
the other sites of the body was detected in the
posttreatment 131-I whole-body scintigraphy
(Fig. 9.3).

9.2

Discussion

Sarcoidosis (S) is an idiopathic chronic, systemic, and noncaseating granulomatous disease
involving multiple systems [3]. Almost all organs
can be affected from S, but pulmonary sarcoidosis
is the most commonly seen type. The liver, skin,
and eyes are among other commonly involved
organ systems [4].
Although the etiopathogenetic of the disease
has not yet been fully understood, the suggested
pathophysiologic mechanism is an autoimmune
reaction triggered by a wide variety of stimuli,
including bacteria, dust, viruses, foreign bodies,
malignancy, metabolites, and chemicals.
Normally, the inflammation formed during this
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process vanishes as the foreign stimulus is
removed, but in patients with S who are supposed
to be genetically susceptible, granulomatous
inflammation persists probably because of the
failure of the immune regulatory mechanisms to
restrict the duration of the inflammatory process
[5, 6]. There are characteristic clinical radiological
features and histopathological findings of
noncaseating granulomas which are suggestive
of S, but since none of them are exclusively seen
in S, the diagnosis is mostly made by ruling out
the other alternative diagnoses [7]. The typical
bilateral hilar lymphadenopathy can be detected
on chest X-ray which has been the most widely
used radiological imaging modality for diagnostic
purposes of S. The characteristic appearance on
computerized tomography (CT) is diffuse
pulmonary perilymphatic micronodules which
are distributed in peri-lobular and fissural areas
predominantly in upper and posterior parts of the
lung [8]. CT and magnetic resonance imaging
(MRI) are equally effective in the evaluation of
extrathoracic involvement, although MRI
outperforms CT in the assessment of
neurosarcoidosis and cardiac sarcoidosis [9].
Nuclear medicine procedures also have a role in
the assessment of the extent and activity of the
disease, thus guiding the biopsy. The accumulation
of 67Ga in intrathoracic lymph nodes forms a
shape resembling the Greek letter lambda
(lambda sign) and a symmetrical accumulation in
bilateral parotid and lacrimal glands named as
panda sign because of its resemblance to a panda
face [10]. In recent years, 18F-FDG PET/CT has
proved to be useful in assessing disease extent
and activity, treatment planning, and evaluating
therapy response [9].
In our case, the metabolic activity of the subcarinal and paratracheal lymph nodes on 18F-FDG
PET/CT guided the transbronchial needle aspiration. 18F-FDG PET also has a crucial role in the
assessment of disease activity and monitoring
therapy response in patients with cardiac
sarcoidosis [11]. Somatostatin receptor imaging
with 68Ga-DOTATOC-PET/CT showed promising
results in the assessment of the extent of the
disease and directing peptide receptor radionuclide

54

F. Özülker and T. Özülker

Fig. 9.3 Posttreatment
131-I whole-body
scintigraphy showing
uptake at the remnant
thyroid tissue in the
neck without any other
pathological uptake at
the other sites of the
body

therapy (PRRT) with 177Lu-DOTATOC in patients
with otherwise treatment-refractory disease [12].
In the index case, 18F-FDG PET/CT study conducted for the initial evaluation of the disease had
shown heterogeneously increased metabolic activity in the thyroid gland, a finding raising the suspicion of the diagnosis of autoimmune thyroid
disorder, which was also supported by laboratory
findings and clinic of the patient. There have been
numerous studies showing a significantly increased

risk for hypothyroidism, antithyroid peroxidase
antibodies (TPOAb), and thyroid autoimmunity, in
female patients with S [6]. There have been
preliminary reports pointing out that there might
be an association between autoimmune thyroid
diseases and sarcoidosis [13, 14].
Papadopoulos et al. examined a series of
Swedish patients with sarcoidosis and found that
20% of the patients had endocrine autoimmunity,
and evidence of thyroid autoimmunity was
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detected in 13 out of 89 patients, 8 of whom had
clinical autoimmune thyroid disease (ATD) (2
with Graves’ disease and 6 with autoimmune
thyroiditis) [15]. Antonelli et al. detected a highly
significant association of S and thyroid
autoimmunity and concluded that thyroid
function, TPOAb antibodies, and USG should be
tested as part of the clinical profile in female S
patients [16]. Fallahi et al. investigated the
prevalence of other autoimmune disorders among
3069 patients with ATD and found that in these
patients, the prevalence of autoimmune disorders
including sarcoidosis increased significantly
compared to control subjects [17]. Since ATDs
are very commonly seen in comparison with S, it
is stated that it is not necessary to investigate for
S in patients with ATD, but it may be wise to
check for ATD in patients with S [6].
There have been also few cases of direct
involvement of thyroid gland with S in the
literature [18, 19].
The patient in the index case underwent FNAB
of the thyroid nodule, for the nodule had wellknown USG features of malignancy; hypoechogenicity, microcalcifications, irregular margins, and
increased internal vascularization. Enlargement of
the thyroid nodules during the 2-year follow-up also
raised suspicion for malignancy. Thyroid scintigraphy was used as a guide to determine which nodule
to biopsy, for the malignancy risk in hyperactive
nodules, is extremely low rendering the FNAB
unnecessary. FNAB of the hypoactive nodule at the
inferior pole of the right lobe adjacent to isthmus
carrying the malignancy features on USG turned
out to be malignant.
There have been two retrospective case series,
indicating that 4–14% of all patients with
malignancy can show some histopathological
evidence of sarcoidosis [20, 21]. Whether the
patients with pulmonary sarcoidosis are
predisposed to develop malignancies or
malignancies induce sarcoidosis continues to be
a matter of debate [22]. The coexistence of
thyroid cancer and S has been previously
described in individual case reports [23]. Myint
and Chow reported a case of sarcoidosis
mimicking metastatic thyroid cancer following
radioactive iodine therapy. The authors draw
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attention to the inability of clinical presentation
and radiological evaluation, including PET and
CT scans to discriminate between cancer
recurrence and S. Sarcoid, or sarcoid-like
reactions, should be kept in mind while evaluating
the FDG-avid lesions any time after antineoplastic
therapy including RAT [24]. Bruins et al. reported
the development of papillary thyroid carcinoma
in a patient with sarcoidosis following treatment
with minocycline [25].

9.3

Follow-Up and Outcome

The chest radiography and CT performed at
7-month follow-up confirmed a remission of
S. Currently, our patient is being monitored with
regular follow-up under l-thyroxin suppression
and is not receiving steroids.
Acknowledgment We would like to thank Professor Dr.
Kerim Sönmezoğlu for kindly providing Fig. 9.1 from the
archive of Cerrahpasa School of Medicine, Department of

What Can We Learn from This Case?

• Sarcoidosis can be associated with autoimmune diseases including Graves’
disease.
• Differentiated thyroid carcinoma and sarcoidosis can coexist causing a difficulty in
the diagnosis and therapeutic management since the clinical presentation and
radiological findings may overlap between
malignancy and S.

Nuclear Medicine, İstanbul, Turkey.
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A Patient Presenting
with an Incidentally Found
Hypermetabolic Thyroid Nodule
on FDG-PET/CT
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Abstract

The prevalence of thyroid lesions on FDG-PET
was reported as 4%, and the malignancy rate in
these nodules was found to be 14–50%. We
reported a case of thyroid incidentaloma,
detected during follow-up of known primary
malignancy. Thyroid nodule was detected in
FDG PET/CT of a 68-year-old woman with
known breast cancer during follow-up. Because
of suspicious USG findings and high SUVmax
value, fine needle aspiration biopsy (FNAB)
was performed and the result came out as suspicious in terms of papillary carcinoma oncocytic
variant (Bethesda Category V). If the thyroid
nodule is detected with FDG uptake, the cytological examination is necessary to differentiate
benign nodule from malignant ones and figure
out whether it is a thyroid metastasis from primary cancer or not.
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Department of Nuclear Medicine, Goztepe Training
and Research Hospital, Istanbul Medeniyet University,
İstanbul, Turkey

10.1

Case

A 68-year-old female patient with stage II
(T2N1M0) breast cancer was operated 3 years
ago after receiving anthracycline, cyclophosphamide, and docetaxel as neoadjuvant chemotherapy. Radiotherapy, hormonotherapy, and
trastuzumab were given as adjuvant therapy.
Vertebra fracture because of metastasis was
detected during the follow-up period, and trastuzumab, an aromatase inhibitor, and zoledronic
acid treatment were planned. Meanwhile, a positron emission tomography with 2-deoxy-2[fluorine-18]fluoro-D-glucose integrated with
computed tomography (18F-FDG PET/CT) performed during routine follow-up revealed
intensely hypermetabolic nodular lesion at left
thyroid lobe adjacent to the isthmus (SUVmax:
9.8) (Fig. 10.1a–c). Correlation with thyroid and
neck ultrasonography (USG) and histopathologic
examination were suggested because of this
finding.
In the history of the patient, thyroid nodule,
familial thyroid cancer, radiotherapy to the neck
region, MEN2, PTEN hamartoma tumor syndrome (Cowden disease), FAP, Carney complex,
and Werner syndrome were absent. The pathologic cervical lymph node was not detected in
neck examination and USG. Serum thyroid-stimulating hormone (TSH) levels were within normal limits. USG-guided fine needle aspiration
biopsy (FNAB) was performed to the nodular
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a

b

c

Fig. 10.1 MIP (a), axial fusion (b) and axial CT (c) images of 18F-FDG PET/CT showing focal FDG uptake in the
thyroid gland

lesion measuring 8.9 mm in size located in the
left lobe-isthmus junction of the thyroid. The
pathology of the nodular lesion was reported as
suspicious in terms of papillary carcinoma
oncocytic variant (Bethesda Category V).

10.2

Discussion

Thyroid nodules are commonly encountered in
clinical practice. Nonpalpable thyroid nodules
incidentally detected by anatomic imaging
methods during the investigation of other diseases
are called incidentaloma. Normal thyroid tissue
is not observed in 18F-FDG PET images. During
the 18F-FDG PET/CT examination, which is
usually performed to diagnose malignant and
some nonmalignant diseases, incidental focal or
diffuse uptake can be detected in the thyroid
gland. In this case, we detected a hypermetabolic
thyroid nodule on PET/CT, which was performed
to evaluate the therapeutic response in the patient.
In a meta-analysis including 22 studies with 18FFDG PET/CT examinations, the incidence of
focal thyroid uptake was reported to be 1.6%,
while diffuse thyroid uptake was 2.1%, and 35%
of these incidentally found focal lesions turned

out to be malignant [1]. Focal FDG uptake in the
thyroid gland is usually detectable in benign or
malignant nodular lesions, whereas diffuse
thyroid uptake may be associated with Graves’,
Hashimoto’s disease, or other infectious/
inflammatory, benign thyroid diseases [2].
According to the guidelines published by the
American Thyroid Association (ATA) in 2015,
USG-confirmed >1 cm thyroid nodules with
focal uptake on 18F-FDG PET/CT are suggested
to be evaluated with USG-guided FNAB due to
potential malignancy. In a patient with
ultrasonographically and clinically confirmed
chronic lymphocytic thyroiditis, there is no need
to proceed with FNAB when diffuse FDG uptake
in the thyroid gland is detected on 18F-FDG PET/
CT. It is recommended that thyroid nodules with
<1 cm with high-risk features on USG or show
focal FDG uptake on 18F-FDG PET/CT should be
followed up [3].
In the guidelines published by the American
Association of Clinical Endocrinologists (AACE)
in 2016, FNAB is recommended because of the
high risk of malignancy in thyroid nodules that
are presented with focal FDG uptake on 18F-FDG
PET/CT. If Tc99m MIBI uptake is detected in
thyroid nodules as in the case of 18F-FDG PET/
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CT, USG-guided FNAB is also recommended for
high risk of malignancy [4].
Are et al. reported that malignancy had been
detected in 24 out of 57 patients (42%), with
FNAB performed on 263 out of 8800 patients
and with 16,300 18F-FDG PET studies, with
abnormal FDG uptake in the thyroid gland [5]. In
this article, USG-guided FNAB is recommended
because of the high risk of malignancy in patients
with focal or unilateral F18-FDG uptake in the
thyroid gland [5].
It is known that benign thyroid tumors may
show FDG uptake and FDG affinity may be low
or negative in well-differentiated thyroid tumors;
therefore, 18F-FDG PET imaging is not
recommended for staging of well-differentiated
thyroid papillary carcinoma [1, 3, 5].
When a thyroid nodule is detected, it is necessary to question the information that may be
related to thyroid cancer: previous head and neck
irradiation; exposure to nuclear fallout, e.g., from
Chernobyl; family history of medullary thyroid
carcinoma or multiple endocrine neoplasia type 2;
family history of papillary thyroid carcinoma;
familial polyposis coli; Cowden’s or Gardner’s
syndrome; recent onset of hoarseness, dysphonia,
dysphagia, or dyspnea; and past medical history
of thyroid cancer [6]. Our case had no history of
risk factor for thyroid cancer. Although thyroid
nodule in our case is <1 cm, FNAB was performed
to rule metastasis from breast cancer.
The structure of the gland and the presence of
the nodules should be examined by palpation.
Subcentimetric-sized nodules may not be
detected by palpation.
When diffuse or focal increased 18F-FDG
uptake is detected in the thyroid gland, it is
essential to evaluate with USG. The presence of
associated cervical lymph nodes, USG
characteristics of thyroid nodules suggesting of
malignancy (hypoechogenicity, solid composition,
irregular margin, fine microcalcification, absence
of halo, shape tall more than wide, central rather
than peripheral blood flow on Doppler USG)
should be taken into account [7].
When thyroid nodules are detected, TSH level
should be measured. Thyroid nodules are more
likely to be malignant in patients with elevated
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TSH levels, while patients with subclinical or
apparent hyperthyroidism with lower TSH levels
are less likely to have malignancy [8, 9]. In
patients with low TSH levels, thyroid scintigraphy
may be performed with Tc99m pertechnetate for
evaluation of the nodule regarding its functional
status.
It should be kept in mind that other than thyroid gland primary malignancy, metastases from
tumors such as thyroid lymphoma, malign melanoma, renal cell carcinoma, lung, breast, esophagus, stomach, colon, and uterus cancers and
rarely nasopharyngeal carcinoma, choriocarcinoma, malignant phyllodes, and osteosarcoma
can be detected [5, 10, 11].
In the guideline published by ATA in 2015,
sonographic patterns were defined as five groups
based on the estimated risk of malignancy. Fine
needle aspiration guidance for thyroid nodules
and FNAB recommendation was determined
according to their malignancy risks.
Our patient had solid hypoechoic thyroid nodule on USG, and with this feature, it was included
in intermediate-suspicious group with a 10–20%
of malignancy potential according to ATA 2015.
FNAB is not recommended in nodules <1 cm
unless there is a high-risk factor, and FNAB was
performed in our patient due to the risk of metastasis from primary breast cancer.
It has been reported that the evaluation of thyroid nodule by USG elastography can contribute
to conventional USG and can be utilized with
high sensitivity in the assessment of primary thyroid malignancies. However, elastography is still
operator dependent, lacking a standardized
method for data reporting. Cystic nodules and
nodules with calcified shells are not suitable for
elastographic evaluation [4].
Computerized tomography (CT) and magnetic
resonance imaging (MRI) examinations are not
recommended in the routine evaluation of thyroid
nodules. However, it is suggested that substernal
extending nodules can be evaluated with the CT or
MRI for the presence of airway compression. The
use of contrast during CT examinations is not
recommended because the contrasts are usually
iodized and may reduce radioactive iodine uptake
and may trigger hyperthyroidism [4, 12]. When
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evaluating these types of cases, MRI examination
may be more appropriate. Ramos et al. reported
that the SUV values at thyroid nodules above 5.69
(average uptake) and 8.5 (maximum uptake) may
be related to the likelihood of malignancy. Choi
et al. reported that SUV values above 4.1
(maximum uptake) may be significant for
malignancy potential [13, 14].
Kim et al. and Are et al. reported that they did
not detect either average or maximum SUV for
benign and malignant lesions in their studies [5,
10]. Kim et al. reported that this was a possible
reason for not setting a threshold value, as there
may be cases of partial volume effect in small
lesions, follicular lesions, or histologically
undetected malignant lesions that are benign or
Hürthle cell adenomas with high FDG uptake
[10]. Our patient’s thyroid nodule detected by
PET/CT had SUVmax value of 9.8 which pointed
out malignancy rather than benign etiologies.
It has been reported that the FNAB procedure
is more reliable and reduces the nondiagnostic
evaluation rate when it is guided by USG [4].
For the standardization of biopsies taken with
FNAB, it is suggested to evaluate according to
Bethesda System for Reporting Thyroid
Cytopathology [3, 15]. Our patient’s thyroid
nodule’s FNAB revealed Category 5 in respect to
Bethesda system which was defined as suspicious
for malignancy; malignancy risk is specified as
60–75%, and near-total thyroidectomy or surgical
lobectomy is recommended.
Thyroidectomy operation is recommended
when malignant cytology is detected, but it is
reported that active surveillance can be applied
instead of emergent surgery in cases with very lowrisk
nonaggressive
cytology
papillary
microcarcinomas, patients with surgical risk due to
comorbid conditions, patients with serious illnesses
with short life expectancy (cardiopulmonary
disease, malignancy, age), and those who had
undergone thyroid surgery before [3].

10.3

Follow-Up and Outcome

In the present case, we did not repeat the biopsy
and the patient was offered total thyroidectomy.
However, no surgical procedures were performed

due to comorbidities such as metastatic breast
cancer, obesity, immobility, and heart failure, and
it was decided to be followed up with current
status.

What Can We Learn from This Case?

• For the thyroid nodules with focal
uptake during 18F-FDG PET/CT
examination, further examination with
FNAB under USG guidance is
recommended due to malignancy risk.
• Before FNAB, malignancy risk factors
in the history of the patient should be
questioned.
• If focal FDG uptake is detected on PET/
CT of patients with known malignancy,
the metastasis of primary malignancy
should be ruled out.
• Serum TSH level should be measured in
each patient to be evaluated for thyroid
nodule.
• Thyroid gland and neck should be evaluated with USG.
• If diffuse 18F-FDG uptake is detected in
the thyroid gland, evaluations with
thyroid function tests, USG, and thyroid
antibodies will be appropriate since
findings are thought to be primarily
related to Hashimoto, Graves’, and
other inflammatory thyroid diseases.
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Management of a Thyroid Nodule
Which Is Hypoactive on Thyroid
Scintigraphy and Has Eggshell
Calcification on USG

11

Gülşah Yenidünya Yalın and Betül Uğur Altun

Abstract

Thyroid nodules arise from the increased proliferation rate of thyroid cells. The primary
target when assessing thyroid nodules is to
exclude the presence of thyroid cancer, which
is present in approximately 4.0–6.5% of
thyroid nodules. Thyroid ultrasound (USG)
should be performed in all patients with a
suspected thyroid nodule or nodular goiter on
physical examination. The population who are
more prone to have thyroid carcinoma are
adults <30 or over 60 years old, patients with
a history of head and neck irradiation, and
patients with a family history of thyroid
cancer. We hereby present a 43-year-old
female patient who had a hypoactive thyroid
nodule with eggshell calcification on thyroid
ultrasonography.

G. Y. Yalın (*) ∙ B. U. Altun
Department of Endocrinology, Başkent University
Istanbul Hospital, Istanbul, Turkey

11.1

Case

43-year-old female patient was admitted to the
endocrinology outpatient clinic due to the presence of multinodular goiter. She denied having
previous neck radiotherapy or familial thyroid carcinoma in her medical history. Her thyroid function tests were as follows: thyroid-stimulating
hormone (TSH), 2.4 (0.4–4 mU/ml); free T4 (fT4),
1.1 (0.7–1.48 ng/dl); and antithyroid peroxidase
(anti-TPO), 10 (0–34 IU/ml).
Neck USG revealed normal thyroid size with
minimal heterogeneity on background echogenicity. On the right thyroid lobe, there were
4 × 3× 5 mm and 7 × 6 × 8 mm isoechoic nodules
with well-defined regular borders and no sign of
vascularization. On the left thyroid lobe, there
was a 12 × 10 × 8 mm hypoechogenic nodule
with regular borders and subtle peripheral vascularization. Presence of eggshell calcification was
noted on the 1/3 outer rim of this nodule
(Fig. 11.1).
Thyroid scintigraphy with Tc-99m which had
been performed 1 year before demonstrated that the
nodule on the left thyroid lobe was associated with a
hypoactive region (Fig. 11.2). At that time fine needle aspiration biopsy (FNAB) was also performed
twice at 6-month intervals. The first FNAB resulted
with nondiagnostic material and the second one
revealed benign histopathological results.
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Fig. 11.1 Presence of eggshell calcification on the 1/3
outer rim of the thyroid nodule

Fig. 11.2 Tc-99m thyroid scintigraphy demonstrating
hypoactive nodule on left thyroid lobe

11.2

Discussion

Although thyroid nodule prevalence is high in general population, thyroid malignancy is relatively
rare. There is no specific imaging modality that can
provide the most accurate information about the
characteristic features of every single nodule.
High-resolution USG is the most sensitive, most
feasible, and cost-effective diagnostic evaluation
[1–3]. Nodules smaller than 1 cm are generally not
detected with neck palpation. On the other hand,
nodules which are even 1–2 mm in size can be
detected with high-resolution USG. In autopsy
series, multiple nodules and solitary nodules are
reported as 37.3% and 12.2%, respectively, and
malignancy rate is approximately 5% with
2–4/100,000 per year [4]. Thyroid cancer is

reported as 1% of all of the malignancies and 0.5%
of all cancer-related deaths [4].
Evaluation with neck USG is mandatory in the
presence of thyroid nodule suspicion and during
the follow-up period. USG provides information
on the characteristic features of thyroid nodules
which may be useful in predicting the presence of
thyroid malignancy [5]. Thyroid nodules are
classified as (a) high suspicion pattern for
malignancy, (b) intermediate suspicion of
malignancy, (c) low suspicion for malignancy, (d)
very low suspicion for malignancy, and (e) benign
pattern, according to findings on USG [1, 3]. FNAB
should be performed in groups with high and
intermediate suspicion for malignancy. Malignancy
rate is reported as 70–90% and 10–20% in high
suspicion and intermediate suspicion groups,
respectively. Malignancy rates are 5–10%, 3%, and
<1% in low suspicion, very low suspicion, and
benign nodules, respectively [1, 4].
FNAB is the most valuable diagnostic method
for the evaluation of thyroid nodules [1, 3]. There
are some critical features that should always be
evaluated with USG such as the presence of
individually specified calcification patterns,
irregular
margins,
the
presence
of
hypoechogenicity in a solid nodule, and
intranodular hypervascularization in a chaotic
pattern. These findings are generally associated
with malignancy [6]. Presence of cervical lymph
node metastasis and extrathyroidal extension is
also a strong malignancy indicator which is
relatively rare. Spongiform nodules, purely or
predominantly cystic nodules, the presence of
hypoechogenic halo with a regular margin, and
iso- and hyperechogenicity are generally
considered as benign features. However, it should
always be kept in my mind that neither of these
USG features can eliminate the presence of
malignancy with 100% accuracy. FNAB is
considered as the most reliable method during the
preoperative evaluation of a thyroid nodule.
Calcifications in thyroid gland are merely classified
as micro- and macrocalcifications [3, 7] or (a)
microcalcification, (b) rim calcification, and (c)
macrocalcification. Although calcifications are
generally more common in malignant nodules,
they can be observed in both benign and malignant
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nodules. As an example, intranodular calcification
was reported as 47% and 31% in malignant and
benign nodules, respectively [8]. In comparison
with a noncalcified nodule, malignancy risk is
increased by threefolds and twofolds in the
presence of micro- and macrocalcification,
respectively. The probability of malignancy should
always be considered in the presence of
calcification, regardless of the calcification pattern
[2]. Microcalcification is observed as thin
hyperechogenic spots that are approximately
1 mm either with an absent or a very thin acoustic
shadow on USG image. Microcalcification is the
calcified forms of necrosed papillary cells [7]
which have a specificity of 76–94% for the
diagnosis of papillary thyroid cancer [2, 7, 9, 10].
However, it may also be an indicator for medullary
thyroid carcinoma [7]. Microcalcification may
rarely be present in Graves’ disease, lymphocytic
thyroiditis, and hyperplastic nodular goiter, as
well. Colloid and amyloid deposition may
sometimes be confused with microcalcifications,
and therefore the sensitivity is lower [7].
Macrocalcification is wider with a circumference
>2 mm, and an acoustic shadow is always present.
Macrocalcification may either be due to the
calcification of degenerated follicles or liquefaction
necrosis of malignant cells [7]. Macrocalcification
is less specific for the presence of malignancy and
is more common in benign multinodular goiter.
However, the presence of macrocalcification in a
single solitary nodule indicates a higher risk of
malignancy. Presence of acoustic shadow is
associated with dysmorphic and amorph
accumulation of calcium on necrotic material or
fibrous tissue.
Benign and malignant lesions range in a spectrum of round and ovoid-shaped nodules. Most of
the nodules have regular margins. Eggshell calcification is classified under rim calcification.
When it is complete with continuous borders, it is
generally considered as benign and is usually
present in patients with multinodular goiter.
However, incomplete and thick eggshell calcifications are usually associated with papillary thyroid carcinoma and rarely follicular carcinoma
necessitating evaluation with FNAB [7, 10, 11].
Presence of hypoechogenic halo with regular
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margins in an iso- or hyperechogenic nodule is
associated with benign features. This appearance
is probably due to the reflection of fibrous connective tissue as a pseudocapsule formation.
Compressed adjacent thyroid tissue and vascular
structures may also create this hypoechoic capsule image. Specificity of eggshell calcification
as an indicator for benign nodules is reported as
96% [8]. Irregular halo structure may be present
in up to 15–30% of malign thyroid lesions [2, 3].
In our case with multinodular goiter, the presence
of thin eggshell calcification with continuous
borders was detected in the largest nodule.
Thyroid vascularization is classified as peripheral or central vascularization. Peripheral vascularization is generally associated with benign
lesions. Central and chaotic vascularization, on the
other hand, is usually related to the presence of
malignancy. Although avascular nodules are
commonly considered as benign lesions, there
may also be no sign of vascularization in more
than 20% of malign nodules [2].
Nodules are classified as pure cystic, pure
solid, predominantly cystic (>50% cystic),
predominantly solid (>50% solid), and
spongiform according to the ratio of their solidcystic components. Malignant nodules are
generally associated with the presence of
predominantly solid components. The frequency
of pure cystic nodules is <2%, and risk of
malignancy is very low in these nodules. The
cystic component may be present in 13–26% of
thyroid cancers, and 6% of papillary thyroid
cancers are reported as predominantly cystic
nodules. The spongiform structure is also an
indicator for benign features. Thyroid nodules
with a spongiform component of more than 50%
are generally benign nodules (with 99.7%
accuracy) [2]. Thyroid nodules are demonstrated
as hypo-, hyper-, or isoechoic nodules according
to their echogenic features. Malignancy risk
increases showing an inverse correlation with
echogenicity pattern. Malignancy risk in a
hyperechogenic solid nodule is 4%, and this ratio
may increase up to 25% in isoechoic nodules [2].
Nodule size is not an indicator of malignancy.
There is usually only one nodule with malignant
features in a patient with multiple thyroid
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nodules. However, this nodule is not always the
largest nodule on the USG. Therefore, the FNAB
should be performed to the nodule with the most
suspicious findings for malignancy rather than
the nodule with the largest size [1–3].
Thyroid scintigraphy is an effective method
for the diagnosis of autonomously functioning
thyroid nodules [12]. However current guidelines
do not recommend routine thyroid scintigraphy
for the evaluation of thyroid nodules. The
recommendation is to avoid FNAB for
hyperactive nodules which are detected in the
thyroid scintigraphy of patients with low or lownormal TSH levels [1, 3]. In this case, thyroid
scintigraphy was not performed with the accurate
indication as the scintigraphy uptake would not
provide further information on the interpretation
of laboratory results and also would not change
the management of this patient.
FNAB should be considered in suspicious
nodules even when they are as small as 5 mm;
however, in low-risk and very low-risk nodules,
the current recommendation is to perform
FNAB when they are larger than 1.5 cm and
2 cm, respectively [1]. In our case, the thyroid
nodule which was 12 mm on the largest
diameter demonstrates benign features with
eggshell calcification, vascularization pattern,
and shape and regular margins, and the only
reason for FNAB was the hypoechogenicity of
the nodule.
USG findings should always be defined in detail
including information about nodule echogenicity
(anechoic, hyperechoic, isoechoic, hypoechoic),
presence and type of halo (faint-definite, thinthick), calcification patterns (macrocalcification,
central/peripheral; microcalcification), capsular
contact (absent, present), shape (oval, irregular,
longitudinal length higher than horizontal size),
content (solid, homogeneous/heterogeneous;
mixed, predominantly solid/predominantly cystic;
cystic, pure/with sediments, spongiform), margins
(regular, irregular), other hyperechogenic
punctuations
(colloid
punctuation),
and
vascularization patterns (absent, dominantly
peripheral, dominantly central, diffuse) [13].

11.3

Follow-Up and Outcome

There is no indication for re-biopsy in this nodule
with continuous, thin eggshell calcification which
does not demonstrate any indicator of malignancy
other than hypoechogenicity, and USG
surveillance with 1–2 year intervals would be
appropriate during the follow-up of this patient.

What Can We Learn from This Case?

• USG is a valuable method which provides information on the benign or
malignant features during the evaluation
of thyroid nodules. However, none of
the findings excludes the presence of
malignancy with 100% accuracy.
• Structural properties of the nodule such
as shape and margins, echogenicity and
vascularization pattern, and the presence
of calcification and halo are important
features. Although eggshell calcification
is generally considered as a benign
criterion, it should always be evaluated
with other ultrasonographical features,
and it should be kept in mind that it may
also be associated with malignancy in
rare circumstances.
• Thyroid scintigraphy is not recommended for the routine evaluation of thyroid nodules. Presence of hyperactive
nodule on scintigraphy is considered as a
benign criterion in patients with low or
low-normal TSH levels.
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Percutaneous Ethanol Injection
(PEI) in a Patient with Cystic
Thyroid Nodule

12

Sait Sager

Abstract

Percutaneous ethanol injection in a benign
cystic thyroid nodule is an alternative procedure to surgical therapy. In this case, percutaneous ethanol injection method was performed
in a 76-year-old female patient with a gross
cystic thyroid nodule. There was no complication and recurrence after the therapy. This
method is a safe and effective therapeutic tool
for the treatment of benign cystic thyroid
nodules.

12.1

Case Presentation

width. The length of the thyroid nodule was
measured as the maximum longitudinal diameter on longitudinal US images. The maximum
diameters of the cystic nodule were measured
as 44.9 × 36.7 × 35.7 mm, and the nodule volume was measured as 30.85 ml. Thyroid scintigraphy with Tc-99m pertechnetate was
performed to evaluate the real volume of the
nodule and to exclude the solid part of the nodule (Fig. 12.2).
This patient was wheelchaired and could not
go to operation because of cardiac problems. She
had respiratory problems because of the gross
thyroid nodule. Percutaneous ethanol injection
(PEI) therapy was recommended, and she

A 76-year-old female patient presented to our
thyroid polyclinic for neck swelling. A thyroid
function test demonstrated normal results.
Thyroid ultrasound (USG) and thyroid scintigraphy were performed. A gross cystic thyroid nodule was seen in the thyroid USG (Fig. 12.1).
The volume of thyroid nodule was automatically calculated using the ellipsoid formula ([le
ngth × width × height] × π/6). The width was
measured as the maximum transverse diameter,
and the height was measured as the maximum
anterior-posterior diameter perpendicular to the

S. Sager
Department of Nuclear Medicine, Cerrahpaşa School
of Medicine, Istanbul University, İstanbul, Turkey

Fig. 12.1 Thyroid USG of the patient before percutaneous ethanol injection. Maximum diameters of the cystic
nodule measured 44.9 × 36.7 × 35.7 mm
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24.7 × 25.6 × 24.2 mm, and nodule volume was
measured as 8.01 ml (Fig. 12.3). Therapeutic success was defined as a noticeable reduction of volume and disappearance of clinical symptoms.
Also, a complete esthetic satisfaction was
reported by the patient.

12.2

Fig. 12.2 Thyroid scintigraphy with Tc-99m pertechnetate. There is gross hypoactive thyroid nodule can be seen
in the right thyroid lobe

accepted the therapy. After the evacuation of the
cystic content of nodule, 95% ethanol was
instilled under sonographic guidance with a
21-gauge needle. In our procedure, ethanol was
not reevacuated. The amount of alcohol injected
was about 50% of the amount of fluid aspirated.
Gentle pressure was applied over the puncture
site for 10–15 min, and the patient was watched
for signs of any complication. Before ethanol
injection intranodular local anesthesia was given
to reduce pain. After the ethanol injection, the
needle was washed with 1–2 ml of saline into the
nodule. The saline rinse prevents ethanol leakage
through the superficial tissues, which may cause
intense pain to the patient. This procedure is so
effective to reduce complications such as discomfort and pain. No major side effect was
observed apart from a transient pain by the
patient.
Thyroid USG was performed at every followup visit to assess the cyst volume. It was performed every week after ethanol injection for the
first month. Four months after the therapy, the
diameters of the nodule were measured as

Discussion

The objective of this case is to evaluate the efficacy and safety of PEI in the treatment of benign
cystic thyroid nodules. Ethanol injection causes
irreversible tissue damage through cellular dehydration, protein denaturation, and coagulative
necrosis. PEI is used only for benign thyroid nodules and cystic or mixed cystic-solids with large
fluid components. PEI method can be used in
solitary thin-walled thyroid cysts larger than
10 mm, cystic big nodules with compression of
neck organs in elderly and seriously ill patients to
reduce the lesion volume. USG-guided PEI can
be used for outpatients and is quite a low-cost,
safe method of treatment.
PEI for the treatment of thyroid and parathyroid lesions was introduced into clinical practice
in 1990 [1]. Ethanol injection causes irreversible
tissue damage through cellular dehydration, protein denaturation, and coagulative necrosis. This
technique was initially proposed as an alternative
to surgery or radioiodine administration in thyroid nodules, but the use of PEI for this purpose
has sensibly decreased. Ethanol has been successfully used in the treatment of cystic thyroid
nodules for a long time.
Cystic thyroid lesions with a predominant
fluid component are a frequent finding, representing up to 32% of all thyroid nodules [2]. Pure
thyroid cysts are less frequent, corresponding to
about 1% of thyroid nodules [3]. The majority of
these nodules are asymptomatic. Sometimes they
may cause compressive or cosmetic discomfort
because of their size and location. Fine-needle
aspiration (FNA) of the fluid content may reduce
the lesion size; however, in 80% of the cases, thyroid cysts recur after aspiration [4]. Treatment of
benign cystic thyroid nodules is usually undertaken for cosmetic reasons or local compressive
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Fig. 12.3 Thyroid USG after the percutaneous ethanol injection. Four months after the therapy, diameters of the nodule
measured 24.7 × 25.6 × 24.2 mm. The volume of the cystic nodule decreased from 30.85 to 8.01 ml

symptoms [5]. Surgery is curative but has disadvantages, such as general anesthesia-related complications, scar formation, and hypothyroidism.
PEI therapy is effective in reducing size of cystic
thyroid nodules. Ethanol volume to be introduced
into the nodule is determined individually,
depending on nodule size and nodule cyst content. In our case, the amount of alcohol injected
was about 50% of the amount of fluid aspirated.
In our procedure, ethanol was not reevacuated.
Some authors claim that complete evacuation of
infused ethanol avoids the risk of ethanol leakage
and any related complications. Available data
comparing the two different technics, there are no
differences in term of successful results [6].
Cystic nodules with volumes >20 ccs may
need more number of alcohol injections and longer follow-ups. Tarantino et al. and Zingrillo
et al. showed that nodules with mean volume

>38 ml showed significant reduction in size after
2 years [7, 8]. According to some researchers,
successful PEI in thyroid nodules is characterized by a reduction in nodule size of 2–3 times
with replacement by connective tissue within
6 months [9].
Ethanol sclerotherapy is also associated with
some complications. Mild transient pain and a
burning sensation at the site of injection are the
most commonly seen side effects. The most frequently reported complaint is pain [10]. In most
cases, pain is due to leakage of ethanol into subcutaneous tissue during needle extraction. This
can be prevented by rinsing the needle tip with a
small amount of saline before extracting the needle. Uncommon complications include hematoma, dyspnea, and vocal cord paralysis [10]. The
most severe complication of PEI is unilateral
cord paralysis due to the toxic action of absolute
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ethanol on the recurrent laryngeal nerve. Our
patient did not show any complications or side
effects.
Use of PEI is limited in multichambered cysts,
multiple small cysts, or isoechoic nodules larger
than 30 mm [11]. Particular attention should be
paid when PEI is performed in the nodules located
in the dorsal compartments of the thyroid lobes.

What Can We Learn from This Case?

• Ethanol sclerotherapy is an effective and
safe nonsurgical treatment option for
benign cystic thyroid nodules.
• Cystic nodules with volumes >20 ccs
may need more number of alcohol injections and longer follow-up before results
become evident.
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Fibrin Injection in a Hemorrhagic
Cystic Thyroid Nodule

13

Haluk B. Sayman

Abstract

In this case report, a new technique to be used
in the treatment of hemorrhagic cystic thyroid
nodules among the other historical therapeutical modalities was described. A two-component fibrin sealant, which contains two of the
proteins—fibrinogen and thrombin—that
make blood clot, was introduced into cyst cavity after punction by a syringe under ultrasonography guidance.
The follow-up ultrasonographies consequently showed the significant volumetric
regression of the cyst in time. Hence, this
method is recommended for the treatment of
hemorrhagic cystic thyroid nodules as an
alternative modality.

13.1

Case Presentation

A 26-year-old female patient presented with a
left-sided neck swelling. A soft and firm thyroid
nodule without pain was detected by palpation.
Her neck ultrasonography (USG) revealed a cystic nodule having a single compartment. The rest
of her thyroid had uniform echo pattern without
any subsequent pathology.

An intervention is planned if the cyst fluid
would be proven to be hemorrhagic after a fine
needle aspiration. As this procedure was a new
method, an approval of the hospital ethics committee and the written consent of the patient were
obtained.
The patient laid neck extended, and the cyst
was aspirated by a 21-gauge needle attached to a
20 cc syringe. By visual inspection, the fluid was
pale red colored. The specimen was sent to pathological examination in the original syringe.
After having confirmed that the cyst was hemorrhagic, the patient was called again, and a second
neck USG was performed (Fig. 13.1). In this
examination, it was seen that the cyst was filled
again with dimensions of 18.1 × 23.9 × 26.7 mm,
expressing the similar features as it was before.
Then a second aspiration was performed, but
without removing the needle, previously prepared fibrin solution according to the manufacturer’s recommendations was administered inside
the empty cyst cavity. After the operation site was
dressed, the patient was sent home without any
complications.
The follow-up USGs which were planned
3 days and 1 month after the application showed a
progressive decrease in the volume of the nodule,
and by time only a remnant of hyperechoic biological debris was seen on that site. The nodule
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Fig. 13.1 Ultrasonographic images of transaxial and longitudinal sections of a cystic nodule on the left thyroid lobe at
the initial presentation of a patient

dimensions calculated as 14.3 × 19.9 × 22.7 mm
at the third day (Fig. 13.2) and 4.8 × 7.1 × 13.8 mm
at first month (Fig. 13.3) showed a significant
reduction in size.

13.2

Discussion

Thyroid nodules are a common pathological
condition, and a large proportion of them have
mixed cystic and solid components. A nodule is
called a cyst only if it is predominantly cystic on
USG. Thus, either mixed or pure cystic, up to
50% of thyroid nodules are cystic. Most of them
recur after aspirated by fine needle. The appropriate evaluation and management of patients
with cystic thyroid nodules is an area of
controversy.
Although many of these nodules are detected
as an incidental finding during a routine physical

examination or imaging procedure, in some of
them, sudden enlargement with hemorrhage or
hemorrhagic infarction can result in a painful
neck mass which brings the patient to a physician. Even relatively small hemorrhagic cysts of
only 1–2 ml may be associated with considerable
neck discomfort and dysphagia. More extensive
hemorrhage may cause hoarseness and vocal
cord paralysis and may compromise the airway,
especially if the nodule is located within or below
the thoracic inlet [1].
The majority of cystic thyroid nodules are
benign degenerating thyroid adenomas. Purely
cystic lesions rarely contain cancer cells, but the
likelihood of cancer in complex (cystic and solid)
nodules approaches that of solid nodules
(5–10%). The likelihood of malignancy decreases
as the proportion of the nodule that is cystic
increases. Among the thyroid cancers that are
associated with cysts, papillary thyroid cancer is
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Fig. 13.2 Ultrasonographic images of transaxial and longitudinal sections of a cystic nodule on the left thyroid lobe at
the third day after fibrin application

most common and is the one with the most favorable outcome [2, 3].
Thyroid USG should be performed in all
patients with a suspected thyroid nodule on physical examination or with nodules incidentally
noted on other imaging studies. The decision to
biopsy a thyroid nodule should be based upon a
combination of ultrasonographic features and
increase in nodule size with time [4]. Purely cystic nodules (no mural component) do not require a
diagnostic fine needle aspiration biopsy (FNAB).
The fluid from nodules that contain cancer is
usually hemorrhagic or pink colored [5].
Chocolate-colored fluid suggests hemorrhage
that occurred at least 1 week before aspiration.
Straw-colored fluid is less likely to be associated
with cancer [6].
FNAB alone may be curative in a minority of
patients. Cancer is uncommon in cystic nodules
that are no longer palpable after aspiration or
substantially resolved on USG [7].

Despite benign cytology, many patients opt
for surgical excision of cystic nodules if the nodule recurs after one or more successful aspirations or if there is continued enlargement or pain
associated with fluid reaccumulation.
Thyroxine therapy was not beneficial in a
small randomized trial of patients with cystic
nodules where in one study, recurrences occurred
in seven patients (70%) in both the placebo- and
thyroid hormone-treated groups [8].
Other available treatment methods apart from
open surgery for cystic nodules include ethanol
[9] or tetracycline [10, 11] injections after aspiration of the cyst fluid. These approaches have not
gained widespread acceptance because of potential complications, including occasional reports
of prolonged pain after the procedure.
A two-component fibrin sealant, which contains two of the proteins that make blood clot, is
in the market for many years to use during surgical interventions (Tisseel Lyo, Baxter AG, 1221
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Fig. 13.3 Ultrasonographic images of transaxial and longitudinal sections of a cystic nodule on the left thyroid lobe at
the first month after fibrin application

Vienna, Austria). These well-known proteins,
fibrinogen and thrombin, when mixed are used
mostly in hepatic surgery successfully where a
clot formation is needed to control or stop bleeding. Depending on this fact, we proposed the idea
of using the same product to detain bleeding into
the cyst cavity in hemorrhagic thyroid nodules
and designed this treatment modality.
Tisseel Lyo is a two-component fibrin sealant, and it contains two of the proteins that make
blood clot. These proteins are called fibrinogen
and thrombin. When these proteins mixed during application, they form a clot as a result of
the last phase of physiological hemocoagulation. As it is in the cyst cavity, it forms a fibrin
sealant which adheres the walls of the cyst to
stop the further bleeding of capillaries. By the
time passes, the fibrinolytic activity of the body
overcomes the antifibrinolytic activity of apro-

tinin, which is present in Tisseel Lyo as an antifibrinolytic, and the resorption takes place by
fibrinolysis and phagocytosis. This also causes
the shrinkage of the nodule as illustrated by
serial ultrasonographic examinations performed
in this case.

What Can We Learn from This Case?

• Hemocoagulation by fibrin application
may be considered as an alternative
treatment modality for a subtype of cystic thyroid nodules.
• Fibrin injection into a thyroid cyst cavity is a safe and minimally invasive
technique for those nodules proven to
be as nonmalignant after cytological
examination.
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Should Calcitonin Be Measured
in Every Thyroid Nodule?
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Abstract

There are controversial suggestions in the literature about the routine measurement of calcitonin
(Ct) in thyroid nodules. Barriers in front of measuring routine serum calcitonin are cost-effectiveness and the possibility of having elevated
serum Ct in the absence of medullary thyroid
carcinoma (MTC). Here we report a sporadic
MTC patient with negative fine needle aspiration
biopsy (FNAB) result whose diagnosis was
made by preoperative calcitonin measurement.
As we perform routine Ct measurement before
surgery, the surgeon becomes aware of the MTC
earlier, and this gives the opportunity of making
an appropriate surgical procedure which is crucial for patients’ outcome.

14.1

Case Presentation

A 45-year-old woman admitted to endocrinology
outpatient clinic with a 4-week history of palpable cervical mass. Physical examination revealed
M. Adaş (*)
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Training and Research Hospital, Istanbul, Turkey
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grade 1b palpable thyroid gland with 1 cm nodules on both lobes. Other physical examination
findings and family history were unremarkable.
Thyroid function tests were within the normal
limit. Anti-TPO was 117.6 IU/ml (<9 IU/ml).
Neck ultrasound (USG) revealed bilateral
hypoechoic thyroid nodules with irregular margins and microcalcifications. Fine needle aspiration biopsy (FNAB) from left-sided nodule was
benign, while right-sided nodule showed Hurthle
cell metaplasia with benign findings. We measured calcitonin (Ct) according to our routine
practice. The serum calcitonin level was 4049 pg/
ml (0–11.5 pg/ml). Repeated Ct level at another
center was >1636 pg/ml (<10 pg/ml) again.
Twenty-four-hour urine estimation of catecholamines, normetanephrine and plasma normetanephrine, serum calcium, and parathyroid
hormone (PTH) was determined to identify or
exclude pheochromocytoma and hyperparathyroidism. All were within the normal limits. RET
protooncogene testing was negative. The patient
underwent total thyroidectomy and central compartment node clearance (level VI). Postoperative
histopathology confirmed thyroid medullary carcinoma of 1.2 cm in the right lobe, papillary
microcarcinoma of 0.5 cm at three different foci
at the left lobe, and metastatic medullary thyroid
carcinoma in the resected lymph nodes. After
thyroid operation serum Ct level was 10.3 pg/ml
(0–11.5 pg/ml).
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14.2

Discussion

14.2.1 Evaluation and Diagnosis
The rate of MTC diagnosed only after thyroid
operation is approximately 10–15% [1]. This
delay in diagnosis can adversely affect the
patient’s outcome. Initial surgery is an important
modality in the treatment and course of
MTC. Diagnosis of MTC before surgery also has
significance for the diagnosis of MEN syndromes
especially accompanying life-threatening pheochromocytoma in index cases. There are controversial suggestions in the literature about the
routine measurement of Ct in thyroid nodules.
“The American Thyroid Association (ATA)
Guideline for Thyroid Nodule and Differentiated
Thyroid Cancer” does not recommend either for
or against routine measurement of serum Ct
(Recommendation 4) [2], while “The American
Association of Clinical Endocrinologists
(AACE), Associazione Medici Endocrinologi
(AME), and European Thyroid Association
(ETA) Thyroid Nodule Guidelines” recommend
measurement of basal serum Ct level as a useful
test in the initial evaluation of thyroid nodules
[3]. The reasons for ATA recommendation are
unresolved issues of assay performance, lack of
pentagastrin availability in the United States, and
potential biases in the cost-effectivity analysis
[2]. The ATA recommendation and evidence
quality about Ct are insufficient. There are falsenegative and false-positive results of basal Ct
measurement that cause misdiagnosis. Technical
problems, (hook effect, heterophilic antibodies),
some drugs (omeprazole), chronic renal failure,
pernicious anemia, and lymphocytic thyroiditis
are some reasons of false-positive results, while
nonsecretory medullary thyroid carcinoma is the
false-negative result [4]. If basal calcitonin level
is increased, the test should be repeated, and if
confirmed in the absence of modifiers, a pentagastrin or calcium stimulation test will increase
the diagnostic accuracy [3]. However, pentagastrin is not available in every country, and there
are problems with calcium stimulation test like
cutoff levels, cost, assay performance, sensitivity,
and specificity [2]. The main rationale for the rec-

ommendation of AACE, AME, and ETA concerning Ct measurement in the thyroid nodule is
its higher sensitivity compared to FNAB [5–11].
As it is in our case, FNAB was not able to diagnose the MTC of the patient. If routine calcitonin
had not been measured, the patient could be
misdiagnosed.
Another problem in the routine measurement
of basal calcitonin for every thyroid nodule is the
cost-effectiveness of this screening. There are
studies from the United States and European
countries demonstrating that it is valuable to
measure calcitonin level [12–14]. However, the
costs of finding one patient with abnormal results
and MTC are quite reasonable for routine basal
Ct measurement, compared with the potential
costs of missing the diagnosis of this treatable
malignant condition [15].

14.2.2 Management
One of the important benefits of knowing preoperative Ct is the tailoring of surgical treatment. Central
neck lymph node dissection is an important and
necessary treatment modality in the management
of MTC. As we perform routine Ct measurement
before surgery, the surgeon becomes aware of the
MTC earlier, and the procedure is at least total thyroidectomy and central neck lymph node dissection as it was in our case. Also, preoperative Ct
measurement is effective in the detection of clinically occult MTC [5–8]. In addition, screening thyroid nodules with serum Ct measurement allows
the diagnosis and treatment of MTC at an earlier
stage, resulting in a better outcome compared with
MTC not detected by serum Ct measurement [13].

14.3

Follow-Up and Outcome

The patient has been under follow-up for 6 years.
Her postoperative serum calcitonin level was
10.3 pg/ml (0–11.5 pg/ml).After 5 years of follow-up, last serum calcitonin level was 13.56 pg/
ml (0–6.4 pg/ml). Neck USG revealed nothing
pathologic. The patient is on L-thyroxin replacement therapy.
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14.3.1 The Future
Barriers in front of measuring routine serum Ct
are cost-effectiveness and the possibility of having elevated serum Ct in the absence of an
MTC. Other different diagnostic modalities can
help us in this regard. Recent small studies have
shown improved sensitivity with Ct measurement
in FNA washout fluid with as high as 100% accuracy [16]. Procalcitonin, the precursor of Ct, has
been reported as a potential MTC marker and
could be a good candidate for a first-line screening test to exclude MTC in patients with suspicious thyroid nodules [17].

What Can We Learn from This Case?

• Ct measurement is an effective method
for the diagnosis of MTC and is superior
to FNAB concerning diagnosis of MTC.
• Recognition of MTC by preoperative calcitonin measurement increases the chance
of curative therapy by diagnosing MTC in
the early stages and then performing the
appropriate surgical procedure.

References
1. Ahmed SR, Ball DW. Incidentally discovered medullary thyroid cancer: diagnostic strategies and treatment. J Clin Endocrinol Metab. 2011;96:1237–45.
2. Haugen BR, Alexander EK, Bible KC, Doherty GM,
Mandel SJ, Nikiforov YE, et al. 2015 American
Thyroid Association management guidelines for adult
patients with thyroid nodules and differentiated thyroid cancer: the American Thyroid Association guidelines task force on thyroid nodules and differentiated
thyroid cancer. Thyroid. 2016;26:1–133.
3. Gharib H, Papini E, Paschke R, Duick DS, Valcavi
R, Hegedus L, et al. American Association of
Clinical Endocrinologists, Associazione Medici
Endocrinologi, and European Thyroid Association
medical guidelines for clinical practice for the diagnosis and management of thyroid nodules: executive
summary of recommendations. J Endocrinol Investig.
2010;33(5 Suppl):51–6.
4. Elisei R, Romei C. Calcitonin estimation in patients
with nodular goiter and its significance for early
detection of MTC: European comments to the guidelines of the American Thyroid Association. Thyroid
Res. 2013;6(Suppl 1):S2.

81

5. Pacini F, Fontanelli M, Fugazzola L, Elisei R, Romei
C, Di Coscio G, et al. Routine measurement of serum
calcitonin in nodular thyroid diseases allows the preoperative diagnosis of unsuspected sporadic medullary thyroid carcinoma. J Clin Endocrinol Metab.
1994;78:826–9.
6. Rieu M, Lame MC, Richard A, Lissak B, Sambort B,
Vuong-Ngoc P, et al. Prevalence of sporadic medullary
thyroid carcinoma: the importance of routine measurement of serum calcitonin in the diagnostic evaluation of
thyroid nodules. Clin Endocrinol. 1995;42:453–60.
7. Niccoli P, Wion-Barbot N, Caron P, Henry JF, de Micco
C, Saint Andre JP, et al. Interest of routine measurement of serum calcitonin: study in a large series of thyroidectomized patients. The French Medullary Study
Group. J Clin Endocrinol Metab. 1997;82:338–41.
8. Vierhapper H, Raber W, Bieglmayer C, Kaserer K,
Weinhäusl A, Niederle B. Routine measurement of
plasma calcitonin in nodular thyroid diseases. J Clin
Endocrinol Metab. 1997;82:1589–93.
9. Kaserer K, Scheuba C, Neuhold N, Weinhäusel A,
Vierhapper H, Haas OA. C-cell hyperplasia and medullary thyroid carcinoma in patients routinely screened
for serum calcitonin. Am J Surg Pathol. 1998;22:722–8.
10. Ozgen AG, Hamulu F, Bayraktar F, Yilmaz C, Tüzün
M, Yetkin E, et al. Evaluation of routine basal serum
calcitonin measurement forearly diagnosis of medullary thyroid carcinoma in seven hundred seventy-three
patients with nodular goiter. Thyroid. 1999;9:579–82.
11. Hahm JR, Lee MS, Min YK, Lee MK, Kim KW, Nam
SJ, et al. Routine measurement of serum calcitonin
is useful for early detection of medullary thyroid
carcinoma in patients with nodular thyroid diseases.
Thyroid. 2001;11:73–80.
12. Verga U, Ferrero S, Vicentini L, Brambilla T, Cirello
V, Muzza M, et al. Histopathological and molecular studies in patients with goiter and hypercalcitoninemia: reactive or neoplastic C-cell hyperplasia?
Endocr Relat Cancer. 2007;14:393–403.
13. Elisei R, Bottici V, Luchetti F, Di Coscio G, Romei
C, Grasso L, et al. Impact of routine measurement
of serum calcitonin on the diagnosis and outcome
of medullary thyroid cancer: experience in 10,864
patients with nodular thyroid disorders. J Clin
Endocrinol Metab. 2004;89:163–8.
14. Cheung K, Roman SA, Wang TS, Walker HD, Sosa
JA. Calcitonin measurement in the evaluation of
thyroid nodules in the United States: a cost-effectiveness and decision analysis. J Clin Endocrinol Metab.
2008;93:2173–80.
15. Turk Y, Makay O, Ozdemir M, Ertunc G, Demir B,
Icoz G, et al. Routine calcitonin measurement in nodular thyroid disease management: is it worthwhile?
Ann Surg Treat Res. 2017;92:173–8.
16. Hu MI, Ying AK, Jimenez C. Update on medullary thyroid cancer. Endocrinol Metab Clin N Am.
2014;43:423–42.
17. Lim SK, Guéchot J, Vaubourdolle M. Negative predictive value of procalcitonin in medullary thyroid
carcinoma. Ann Biol Clin. 2016;74:213–8.

The Role of Thyroid Scintigraphy
in the Evaluation of Thyroid
Nodules in Patients
with Normal TSH

15

Levent Kabasakal and Onur Erdem Şahin

Abstract

The widespread use of imaging modalities
such as ultrasonography (USG), magnetic
resonance imaging (MRI), and computer
tomography (CT) has significantly increased
thyroid nodule detection. Thyroid nodules are
generally benign, but identification of malignant nodules is an important clinical problem.
Nodules with hyperfunction on thyroid scintigraphy, also known as autonomously functioning thyroid nodules (AFTNs), are often
considered as benign.
The American Thyroid Association (ATA)
Guideline, revised in 2015, recommends thyroid
scintigraphy only in conditions with subnormal
TSH values. On the contrary, the American
Association of Clinical Endocrinologists,
American College of Endocrinology, and
Associazione Medici Endocrinologi Medical
(AACE/ACE/AME) guidelines recommend to
perform thyroid scan in iodine-deficient regions,
to exclude an autonomous thyroid nodule or
MNG even when the TSH level is low-normal.
Especially in areas with iodine deficiency,
it has been shown that AFTNs can be seen
with the TSH values in the normal range. As in
the cases from Turkey, an iodine deficiency
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area, AFTNs are detected, although TSH values are monitored in the normal range.
Avoiding from thyroid scintigraphy in cases
with normal TSH values in the direction of
ATA guideline can cause some AFTNs to be
missed. The unnecessary biopsies resulting
from indeterminate reports like AUS and
FLUS can lead to unnecessary operations. For
these reasons, thyroid scintigraphy has an
important role in the detection of AFTN, especially in iodine deficiency areas.

15.1

Case 1

The patient is a 64-year-old woman who was
referred to our department by an orthopedist
because of the thyroid nodule noted on a magnetic resonance imaging (MRI) for cervical herniation. There was a thyroid nodule in the right
thyroid lobe measuring approximately 2 cm. She
had no symptoms of hyperthyroidism or hypothyroidism. On visual inspection of the neck, the
patient appears to have a slightly enlarged thyroid gland. She hasn’t any radiation exposure history, relatives with thyroid cancer, or any
abnormal medical history about thyroid. Thyroid
studies revealed a TSH of 0.527 uIU/ml, free T3
of 3.31 pg/ml (ref range, 2–4.4 pg/ml), and free
T4 of 1.03 ng/dl (ref range, 0.93–1.7 pg/ml). The
thyroid ultrasonography (USG) reported a
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and calcifications in the left lobe. Furthermore, a
5 × 6 mm well-defined hypoechoic nodule was
reported in the right lobe. Thyroid scan was
requested to evaluate the thyroid nodule. The
nodule in the left lobe was visualized as a “hot
spot” on the thyroid scan. The other nodule was
visualized as a cold nodule. We decided to follow
the patient with USG and thyroid function tests.
In control USG done after 1 year, that nodule size
was reported 17.4 × 14.9 mm. FNA biopsy was
requested because of size enlargement, and
biopsy result was reported as a benign lesion.
During the 4-year follow-up, TSH levels
remained in normal range.
Fig. 15.1 Thyroid scan with Tc-99m pertechnetate
showed hot nodule on the right base

29 × 18 × 14 mm well-defined, solid isohypoechoic thyroid nodule with microcalcification in the right mid-lobe. Additionally, color
Doppler USG demonstrated intranodular and
peripheral vascularity. Although the thyroid functioning tests are in normal range, we decided to
request a thyroid scan. The thyroid scan showed
that the nodule in the right lobe was hyperfunctioning (Fig. 15.1). We decided to follow the
patient with USG and thyroid function tests.
During the 2-year follow-up, thyroid nodule size
hasn’t changed, and thyroid function tests were
in normal range.

15.2

Case 2

A 65-year-old man was referred to our department regarding enlarged thyroid gland and sweating. He had diabetes mellitus, hypertension, and
hyperlipemia. He hadn’t family history about
thyroid disease. Also, he hadn’t any suspicious
finding or history of thyroid malignancy. In physical examination of the enlarged thyroid gland,
the thyroid nodule was detected on the left lobe
inferior pole. After that TSH assay and USG were
requested. TSH level revealed 0.7 uIU/ml. The
thyroid USG reported a 11 × 14 mm well-defined,
mixed echoic, nodule with both solid-cystic areas

15.3

Discussion

The term thyroid nodule refers to discrete lesions
within the thyroid gland, radiologically distinct
from surrounding thyroid parenchyma [1]. They
may be discovered by palpation during a general
physical examination or with chance during a cervical imaging procedure performed for medical
evaluations, like USG computed tomography
(CT), magnetic resonance imaging (MRI), or
PET-CT scan. Thyroid nodules are extremely
common. An estimated 4% of the population have
a palpable thyroid nodule, and more than 50%
have a nodule detectable by USG [2]. With
increased sensitivity and widespread use of imaging modalities in clinical practice, incidental thyroid nodules are being found more frequently [3].
Generally, they are detected in euthyroid persons
and don’t cause any symptoms. Thyroid nodules
are clinically important because of the risk of thyroid cancer. The reported prevalence of malignancy in thyroid nodules ranges 7–15% depending
on age, gender, radiation exposure history, family
history, and other factors [4, 5]. Therefore, a complete history and physical examination focusing
on the thyroid gland and adjacent cervical lymph
nodes are important to evaluate a thyroid nodule.
Physical findings like vocal cord paralysis, cervical lymphadenopathy, fixation of the nodule to
surrounding tissue, hoarseness, and the historical
factors include a history of head and neck radiation therapy, exposure to ionizing radiation, and
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some genetic anomalies including Cowden’s disease, FAP, Carney complex, and MEN 2 are
increasing the possibility of malignancy [6, 7].
The American Thyroid Association (ATA)
Guideline, revised in 2015, recommends measuring serum TSH during the initial evaluation of a
patient with a thyroid nodule. If there are normal
or elevated TSH levels, ATA guideline recommends ultrasound imaging for the decision of
FNA [1]. Recommendation of diagnostic FNA
depends on the size and suspicious ultrasound
findings like irregular margins, microcalcifications, taller-than-wide shape, disrupted rim calcifications with small extrusive hypoechoic soft
tissue component, and evidence of extrathyroidal
extension. Also, if there is a subnormal TSH
level, thyroid scan is recommended by the ATA
guideline [1]. Thyroid scan provides information
on the function of the thyroid nodule. Nodules
detected by thyroid scan are classified according
to their radionuclide uptake compared to normal
thyroid parenchyma. Hypofunctioning (cold nodules) are more common, but the minority of thyroid nodules are hyperfunctioning (hot nodules),
also known as autonomously functioning thyroid
nodules (AFTNs). The ATA guideline does not
suggest FNA biopsy for patients whose thyroid
scan shows hot nodules, and it does not suggest
thyroid scans either as long as the TSH value is
within the normal range [1]. On the contrary, the
AmericanAssociation of Clinical Endocrinologists,
American College of Endocrinology, and
Associazione Medici Endocrinologi Medical
(AACE/ACE/AME) guidelines recommend performing thyroid scan in iodine-deficient regions,
to exclude autonomy of a thyroid nodule or MNG
even when the TSH level is low-normal [8].
AFTNs are demonstrated by thyroid scan even
if TSH values are in the normal range [9, 10]. The
prevalence of AFTNs was higher in the iodinedeficient area [11]. Additionally, as we presented
in our cases, serum TSH level may remain in the
normal range in patients from iodine-deficient
regions even if autonomy is present. The reason
of that iodine deficiency effects thyroid gland,
decreased proliferation rate of thyroid epithelial
cells, and the low synthesis rate of thyroid hormones results in unsuppressed TSH levels [8].
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Due to these reasons, using only TSH measurement is not an effective test to detect the presence
of an AFTN [9, 10]. In our patients who live in
Turkey, an iodine deficiency area, serum TSH
measurement was not enough for the AFTN diagnosis; it could only be diagnosed with a thyroid
scan. A thyroid scan is also useful to evaluate
patients with multinodular goiter in iodine deficiency area. Detection of hot and cold nodules
helps to prioritization for FNA biopsy in patients
with MNGs [8]. Because of the ATA guideline
recommendation, thyroid scan is rarely performed for a thyroid nodule in euthyroid patients.
With only serum TSH monitoring, it’s possible to
miss some of the AFTNs. Those nodules may
undergo unnecessary FNA biopsy. Indeterminate
biopsy results like follicular lesion of undetermined significance (FLUS) cause to perform
unnecessary thyroid surgery.
Although AFTNs are accepted as benign
lesions, some case reports show thyroid malignancy in AFTNs [12]. Also, we know that the
suspicious patterns defined by ATA guideline like
microcalcifications, hypoechoic aspect, and perinodal and intranodular vascularization are higher
in AFTNs than in cold nodules [13]. We need
more studies to assess the risk of malignity in
AFTNs and prevalence of malignancy.

What Can We Learn from This Case?

• Thyroid nodules are extremely common,
and most of them are asymptomatic.
• The basis of thyroid nodule management
is the categorization of malignancy risk.
• Complete medical history, physical
examination, TSH assay, and USG are
widely accepted as the first steps in evaluating the thyroid nodule.
• It’s assumed that the risk of malignancy
in an AFTN is generally very low.
• Using only TSH measurement is not an
effective test to detect the presence of an
AFTN.
• Especially in iodine deficiency regions,
we may see unsuppressed serum TSH
levels with AFTNs.

L. Kabasakal and O. E. Şahin

86

• Contrary to the ATA guideline recommendation, thyroid scan is an important
detection instrument of AFTNs even if
the TSH levels are in normal range.
• Additionally, we need more studies to
evaluate malignancy possibility in
AFTNs.
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Incidentally Detected Thyroid
Follicular Adenoma on Myocardial
Perfusion Scintigraphy
with Tc-99m MIBI

16
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Abstract

Technetium-99m sestamibi (Tc-99m MIBI)
is a routinely used radiopharmaceutical for
myocardial perfusion scintigraphy (MPS).
Here, we present a case of a 76-year-old
woman with mild transient chest pain but
normal laboratory examination results who
underwent Tc-99m sestamibi (MIBI) myocardial perfusion imaging, and an abnormal
focal radionuclide uptake in the left lobe of
the thyroid gland was detected. After that, the
patient underwent left hemithyroidectomy,
and the result of the pathology came out as
follicular adenoma. In this case, we wanted
to discuss the significance of MIBI uptake in
thyroid nodules and discuss the importance
of evaluating raw data images for the detection of noncardiac pathologies in myocardial
perfusion scintigraphy.
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16.1

Case Presentation

A 76-year-old female patient without known thyroid disease and a history of thyroid diseaserelated drug use presented with a complaint of
chest pain to cardiology outpatient clinic, and
myocardial perfusion scintigraphy (MPS) has
been requested. Abnormal focal technetium99m-methoxyisobutylisonitrile (MIBI) uptake
was seen in the area of the left thyroid gland
when looking at the raw images of myocardial
perfusion scintigraphy (Fig. 16.1). At the same
session, no other pathological focus was detected
on whole-body MIBI imaging (Fig. 16.2).
Advanced examinations were suggested to the
patient such as neck ultrasonography (USG), thyroid scintigraphy, and laboratory investigations.
Thyroid scintigraphy couldn’t be performed
because the patient didn’t want to undergo a second examination in the nuclear medicine clinic.
In the left thyroid lobe, 29 × 36 × 41 mm-sized
hypoechoic nodule was observed with thyroid
USG (Fig. 16.3).
The patient was euthyroid according to her
laboratory findings. A biopsy accompanied by
USG was performed. The result of the biopsy
was “suspicious for follicular neoplasm”
(Bethesda 4), and the patient underwent left
hemithyroidectomy. The result of the pathology
was follicular adenoma.
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Fig. 16.1 Tc99m MIBI myocardial perfusion image. An abnormal focus of MIBI at the left thyroid lobe

16.2

Fig. 16.2 Whole-body MIBI scan. No abnormal finding
other than an abnormal focus of uptake at the left thyroid lobe

Discussion

MPS is a noninvasive imaging test that is used in
the evaluation of coronary diseases. MIBI is a
cationic molecule which is primarily used in
MPS. Over the years, technetium-99m MIBI
scintigraphy has also been used in the localization of parathyroid adenoma [1, 2].
technetium-99m MIBI accumulates in the
cells which is associated with high proliferative
activity and increased number of mitochondria.
These features are typical in tumor cells [3]. For
this reason, technetium-99m MIBI is has been
used nonspecifically in the diagnosis of breast,
thyroid, and lung cancers [3]. In a study of analysis of 330 MPS images, focal thyroid uptake was
detected in 41 cases (12.4%) [4]. Thyroid nodules were observed in 25 of the 41 patients in the
study group. Fine-needle aspiration biopsy
(FNAB) of the thyroid was performed in 21
patients. One case of papillary thyroid carcinoma
was determined and confirmed by histopathology
after thyroidectomy [4].
In a study of analysis of technetium-99m
pertechnetate and technetium-99m MIBI uptake
in thyroid nodules, 28 of 77 nodules were
observed cold both with technetium-99m pertechnetate and technetium-99m MIBI imaging; in 27
nodules which were observed cold with technetium-99m pertechnetate, technetium-99m MIBI
and normal thyroid tissue were of similar inten-
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Fig. 16.3 A 29 × 36 × 41 mm-sized hypoechoic nodule in the left lobe in thyroid USG

sity; five nodules which were cold with technetium-99m pertechnetate were observed hot with
technetium-99m MIBI [5]. The histopathology of
34 surgically removed nodules proved that
increased, normal, or decreased MIBI accumulation is not specific for thyroid malignancy [5].
Noncardiac findings can be detected in
MPS. In this regard, in a comprehensive study of
12,256 patients, noncardiac findings have been
identified in 207 patients, and thyroid uptake was
present in seven patients. Three of seven patients
could be followed-up, and thyroid pathology was
not detected in any of them [6].
Technetium-99m MIBI can be used in the evaluation of thyroid nodules due to its positive predictive value; however, it cannot help to identify
nodules which have Bethesda category III [atypia
of undetermined significance (AUS) or follicular
lesion of undetermined significance (FLUS)] and
Bethesda category IV (suspicious for follicular
lesions or follicular neoplasms) cytologies [3].
To date, indeterminate cytology (e.g., AUS/
FLUS or SFN/FN) nodules prevalence ranges
between 20% and 30%. Many published data
showed that a malignant tumor could not have
been identified in final histological diagnosis in
85% of patients with an indeterminate cytology
[7, 8].
However, several researchers [9–11] have
already done studies on 99mTc-MIBI’s possible
role in the discrimination of malignancies in the
thyroid nodules. In particular, MIBI has been
reported to have quite high sensitivity and negative predictive value in the exclusion of

alignancy. In their prospective research,
m
Giovanella et al. [9] showed that negative MIBI
scan had 100% sensitivity and negative predictive
value in the exclusion of malignancy. Two years
later, similar results were also published by
Bruckner et al. [10]. In a meta-analysis, the diagnostic performance of technetium-99m MIBI
scan was evaluated in terms of predicting the risk
of malignancy in patients with solitary thyroid
nodule or multinodular goiter. Sensitivity and
specificity of Tc-MIBI scan in detecting malignant thyroid nodules were 85.1% and 45.7% [12].
This was based on the assumption that technetium-99m MIBI uptake within nodule reflects
actively working of mitochondrial abundance and
hence oxidative load: technetium-99m MIBIpositive nodules are more likely to be malignant
when compared with negative nodules [12].

16.2.1 Follow-Up and Outcome
There were no problems in the follow-up after
the lobectomy of the patient. Extra cardiac findings detected during MPS should always be taken
into account, and advanced examination should
be performed.

16.3

Future

A number of studies have been conducted for
further diagnosis of thyroid incidentalomas.

Recently published 2015 American Thyroid
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Association’s (ATA’s) Management Guidelines
for Adult Patients with Thyroid Nodules and
Differentiated Thyroid Cancer has discussed the
possible role of F-18 FDG-PET/CT in the differentiation of malignant from benign lesions [13].
For now, F-18 FDG-PET/CT isn’t routinely recommended in thyroid nodules with indeterminate
cytology; however, it is indicated to be useful.

6.
7.

8.

What Can We Learn from This Case?

• In this case, we wanted to emphasize the
importance of evaluating raw data
images for the detection of noncardiac
pathologies in MPS.
• Extracardiac findings detected during
MPS are important, and further investigation is necessary.

9.

10.
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Follicular Neoplasia
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Abstract

The term “follicular neoplasia” encompasses
a spectrum of diseases ranging from benign to
malignant nature. It includes benign follicular
adenoma, follicular carcinoma, and follicular
variant of papillary cancer. Since the preoperative diagnosis addresses both benign and
malignant lesions, gray zones exist and diagnostic surgery is generally required for a definitive diagnosis. Herein, we focus on the clinical
presentation, management strategies, and histopathologic architecture of a case with a preoperative diagnosis of “follicular neoplasia” taking
into account the current guidelines, promising
molecular markers and future directives.

17.1

Case Presentation

A 42-year-old woman was referred to endocrine
surgery unit after an incidental finding of a thyroid
nodule on MRI done for cervical lumbago. She
suffered from neck pain radiating to the right
shoulder for 5 years. The patient had no compressive symptoms, voice change, or any other complaints. In her physical examination, her vitals
M. U. Uğurlu (*) · B. M. Güllüoğlu
Marmara University, School of Medicine,
Department of General Surgery, Istanbul, Turkey
e-mail: bmgulluoglu@superonline.com

were within normal physiological limits for her
age. She was a daily smoker with 20 packs/year.
Her past medical history is nonsignificant, and she
did not have any previous irradiation to the head
and neck area. She had a family history of hypertension and diabetes mellitus in her parents, and
she denied any family history of malignancy. On
her neck examination, there was a non-tender palpable nodule in the right thyroid lobe. There were
no palpable nodule(s) on the left thyroid lobe and
no palpable cervical lymph nodes bilaterally. We
asked for ECG (electrocardiogram), chest x-ray,
serum TSH and free T4 analysis, a complete blood
count, and a neck Doppler USG (ultrasound)
examination. ECG and chest x-ray were normal.
The patient was euthyroid, and the rest of the laboratory values was unremarkable. The USG
revealed a circumscribed, heterogeneous, hyperechoic nodule on the right thyroid lobe which was
1.8 × 1.8 × 2 cm in size and had a cystic component. The nodule had a thin peripheral halo. On
Doppler mode, the nodule had peripheral vascularity. The left thyroid lobe was normal. On USG
guidance, we performed FNAB (fine needle aspiration biopsy). The microscopic evaluation of the
Papanicolaou-stained FNAB smears showed
hypercellular background, composed of abortive
microfollicles with central dark colloid. The smear
background was homogenous and revealed no
other specific components other than these cellular
groups. FNAB was reported as follicular neoplasm, Bethesda category IV (Fig. 17.1).
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Fig. 17.1 The smear is
cellular and consists of
microfollicular groups.
Most of them have
compact colloid in the
center of these groups.
The cells are
homogenous with dark
and centrally located
nuclei with well-defined
nuclear borders (Image
courtesy of Pelin Bagci,
MD)

We informed the patient about the term “follicular neoplasia” and offered hemithyroidectomy and isthmusectomy for further evaluation.
The surgery passed eventless; the right recurrent laryngeal nerve was seen and monitored
during the surgery. The right superior and
inferior parathyroid glands were seen and

protected. The patient was discharged on postoperative day 1.
The macroscopic pathological examination of
the lobectomy specimen revealed 1.8 × 2 cm nodule located on the right inferior thyroid pole. The
nodule had a thick and regular capsule. The cut
section of the nodule showed poor colloid compared to the adjacent thyroid parenchyma
(Fig. 17.2). There were no other nodules or
lesions in the rest of the specimen. The nodule
was sampled totally. On the microscopic evaluation, there was no capsular and vascular invasion
in the vessels of the capsule. The capsule was
thick and homogenous. Nodule parenchyma was
also homogenous and composed of microfollicles. The high-power examination showed compact colloid in the center of the florid-like
microfollicles. There were no mitosis and necrosis. The cells lining these follicles were all
homogenous, small, and cubic, and their nuclei
were homogenous and vesicular. The adjacent

Fig. 17.2 The hemithyroidectomy specimen reveals
1.8 × 2 cm nodule with thick and regular capsule and poor
colloid (Image courtesy of Pelin Bagci, MD)

thyroid tissue revealed no other specific feature
(Fig. 17.3). The diagnosis was reported as follicular adenoma.

17.2

Discussion

17.2.1 Evaluation and Diagnosis
The term “follicular neoplasm” encompasses a
spectrum of diseases ranging from benign to
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Fig. 17.3 H&E stained
slide shows the fibrous
and thick capsule. The
tumor underlying the
capsule is homogenous
and microfollicular, each
group with a central
colloid. The capsule has
been sampled
thoroughly, and no
capsular or vascular
invasion is present
(Image courtesy of Pelin
Bagci, MD)

malignant nature. It includes benign follicular
adenoma, follicular carcinoma, and follicular
variant of papillary cancer. Patients with follicular adenoma or carcinoma are usually asymptomatic and present with a palpable nodule or
non-palpable incidental nodule discovered in
radiologic imaging. Symptomatic cases have
larger nodules and can have complaints of compression, dyspnea, choking sensation, or
hoarseness. There can be accompanying thyroiditis or nodular hyperplasia. Mostly patients
are euthyroid, but 1% can have hyperthyroidism with a benign toxic adenoma, which is usually ≥3 cm in size [1]. Follicular carcinoma
accounts for 10% of thyroid malignancies and
is classified as minimally invasive follicular
carcinoma and widely invasive follicular carcinoma by World Health Organization. It’s more
prevalent in iodine-deficient regions. Widely
invasive type occurs most often in older women
with a mean age of 60, and minimally invasive
type is more common in young women. Rarely,
at initial presentation, follicular carcinoma can
make distant metastasis to the lung or bone via
hematogenous route [2].
After a thorough physical examination, the
evaluation of thyroid nodules continues with a
neck ultrasound. Ultrasound examination shall

include the bilateral thyroid glands and the bilateral cervical neck regions to seek for the presence of lymphadenopathies. Certain USG
features can be predictors of malignancy.
However, in context of follicular neoplasm, USG
features of benign follicular adenoma and follicular carcinoma are very similar. Follicular carcinoma is usually solid, lacking cystic change,
larger (>2 cm) compared to benign adenomas,
unifocal, and isoechoic to hypoechoic with irregular margins, has a discontinued or lacking halo,
and may have microcalcifications. Color Doppler
USG can detect intranodular flow on follicular
neoplasms. Positive predictive value and negative predictive value of increased internal vascularity to indicate follicular carcinoma were found
to be 51% and 97%, respectively [3, 4]. Thyroid
imaging reporting and data system (TIRADS)
can help to stratify the risk of malignancy.
TIRADS scores features such as component,
echogenicity, margins, the presence of microcalcifications, and shape to predict malignancy. The
score 4–5 is associated with increased probability of malignancy and make the patient a candidate for FNAB [5].
For the evaluation of thyroid nodules, FNAB
is the next step diagnostic procedure. For decision making, whether to perform surgery or to
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follow up the patient, physicians use the findings of FNAB along with the clinical features
and USG. Surgeons encounter the diagnosis as
“follicular neoplasm or suspicious for follicular
neoplasm” in 15–20% of the FNAB reports,

which is termed to be the “gray zone” in cytopathology of thyroid nodules [6, 7]. The reason for
the difficulty in the distinction of these lesions is
that both the follicular adenoma and follicular
carcinoma differentiates from follicular cells,
and they both have a microfollicular architecture with monotonous population of follicles
with minimal/absent background colloid lined
by cuboidal epithelium. Nuclear atypia can be
seen, which is not a diagnostic criterion of
malignancy because follicular adenoma can
have nuclear atypia. So, even though FNAB is
very sensitive for the distinction of benign from
malignant nodules, it has limited value in follicular lesions, because the hallmark of malignancy is the capsular and/or vascular invasion,
and it cannot be assessed with FNAB [8].
Cytological diagnosis of follicular variant of
papillary carcinoma on FNAB can also be problematic; the cytological criteria of papillary carcinoma may be lacking or not completely
unequivocal [9]. Overall, the Bethesda system
recognizes these lesions in FNAB as category
IV, and 15–30% of follicular neoplasm is estimated to be malignant [10].
Some investigators suggested frozen sections
for intraoperative decision making in the management of follicular lesions [11]. Despite the
other literature suggesting the limited value of
intraoperative frozen section of follicular lesions,
surgeons still practice the frozen sectioning to
progress from hemithyroidectomy to total thyroidectomy. The reason to advocate not performing a frozen section in follicular neoplasm is its
infeasibility to get adequate sampling of the capsule to evaluate for capsular and/or vascular invasion [12]. Hence, frozen sectioning of follicular
lesions is non-definitive in most of the cases to
dictate total thyroidectomy rather than hemithyroidectomy, and it is not practical in the intraoperative setting.

M. Ü. Uğurlu and B. M. Güllüoğlu

Genetic tests are being investigated for differential diagnosis of follicular lesions in
adjunct to cytology. At the time of aspiration, a
small portion of the material is saved for molecular analysis. A seven-gene panel of mutations
including RAS (H-RAS, K-RAS, N-RAS),
BRAF, RET/PTC, and PAX8/PPARg was studied and identified in >70% of thyroid cancers.
These genetic markers are adjunct to FNAB and
associated with a sensitivity of 57–75%, specificity of 97–100%, positive predictive value of
87–100%, and negative predictive value of
79–86% in nodules with follicular neoplasm or
suspicious for follicular neoplasm cytology [13,
14]. Also, the gene expression classifier was
developed to identify benign nodules among
patients who have cytology of follicular neoplasm or atypia of undetermined significance.
Afirma (Veracyte, CA, USA) is a commercially
available gene expression classifier test, which
uses a mRNA expression panel of 142 genes to
identify the benign signature. The Afirma test
follows an algorithm for the analysis of gene
expression profiles and reports the result as
either “benign” or “suspicious.” It’s reported
that the negative predictive value of Afirma for
follicular neoplasm/suspicious for follicular
neoplasm was 94%, with a 92% sensitivity and
52% specificity. Due to its low specificity,
Afirma’s true negativity rate was found to be
50%, and false positivity rate was found to be
50%; hence it’s not specific enough to alter the
management strategy [1, 2, 15, 16]. Hence,
Afirma is particularly helpful as a “rule-out” test
in thyroid nodules with Bethesda III and IV
cytology. Even though it needs further studies,
the ATA guidelines 2015 recommends (weakly)
molecular testing as an adjunct method before
proceeding to surgery.

17.2.2 Management
Due to the uncertainty of follicular lesions in
FNAB, in conditions that the molecular testing is
not performed or inconclusive, the guideline
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strongly recommends surgical excision for the
management of thyroid nodules with follicular
neoplasm and/or suspicious follicular neoplasm
histology [17]. The type of surgery should, at
minimum, be a thyroid lobectomy with isthmusectomy. In patients with a strong family history
of thyroid cancer, multiple nodular goiter, personal history of head/neck radiation treatment,
and worrisome USG features or in case of
patients’ preference, initial surgery can be as
total thyroidectomy. If the final pathology is
reported as follicular adenoma, the patient needs
no further treatment. The encapsulated follicular
variant of papillary thyroid cancer is recently
reclassified as noninvasive follicular carcinoma
with papillary features (NIFTP), and this can be
followed carefully without completion thyroidectomy due to its excellent prognosis. Minimally
invasive follicular cancer, which is characterized
as a well-defined tumor with microscopic capsular and/or 1–4 foci of vascular invasion, also has
an excellent prognosis. So, minimally invasive
cancers can be simply followed especially in
patients who are young with tumor size <4 cm
[18]. However, in the National Comprehensive
Cancer Network guideline for thyroid cancer
(vers 2.2017), completion thyroidectomy is also
recommended for patients who have minimally
invasive follicular cancer on final histology after
lobectomy with isthmectomy due to published
deaths attributed to these lesions. When the final
histopathologic evaluation reveals follicular carcinoma after lobectomy performed for follicular
neoplasia and/or suspicious for follicular neoplasia, the decision for completion thyroidectomy depends on the features of the tumor.
Patients having <1 cm tumor in size without
extrathyroidal extension, metastasis to nodes
(N1 disease) or metastasis to distant sites can be
followed without completion thyroidectomy
unless there is a history of prior head/neck irradiation or familial thyroid cancer. For tumors
which are 1–4 cm in size, lobectomy may suffice, or completion thyroidectomy may be performed. For tumors >4 cm, the completion
thyroidectomy will be the right management
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strategy [17]. If completion thyroidectomy is
planned after hemithyroidectomy, it may be performed within 2 weeks of initial lobectomy procedure or 6–8 weeks later. Follicular cancer
metastasizes to lymph nodes in <10% of the
cases. Prophylactic central neck dissection
should not be a routine practice during completion thyroidectomy [2].

17.3

Follow-Up and Outcome

This patient on the above case was diagnosed
with “follicular adenoma.” The patient was
informed and reassured about the condition. No
further surgical or medical evaluation was recommended. Since it’s a benign lesion and the
lobectomy is curative, the decision on the multidisciplinary meeting was to follow up this
patient with annual physical examination and
ultrasound.

17.3.1 The Future
The progress in the application of molecular
markers to evaluate thyroid nodules parallels the
expansion of knowledge on genetic mechanisms
and the introduction of high-throughput genotyping techniques. Next-generation sequencing is
very promising, which is used to find out genetic
alterations on small FNAB samples. ThyroSeqv2
is an example of next-generation sequencing,
which relies on detection of 14 mutations, 42
types of fusions, and expression of 16 genes.
Recently it’s shown that the “negative” ThyroSeq
results in Bethesda III and IV nodules decrease
the cancer risk to 3–4% [19]. Recent trials on
new diagnostic tests like ThyGenX/ThyraMIR
and Rosetta GX Reveal focus on miRNA markers. The results are promising to predict cancer
and select the patients who are likely benefit from
surveillance or surgical intervention [20]. The
ongoing trials seem to focus on the molecular
tests on patients with indeterminate FNAB results
like follicular neoplasm.
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What Can We Learn from This Case?

• Follicular neoplasm of thyroid includes
benign follicular adenoma, minimally
invasive follicular carcinoma, widely
invasive follicular carcinoma, and follicular variant of papillary carcinoma.
• FNAB is a highly valuable tool in the
evaluation of thyroid nodules; however,
for follicular lesions, 15–30% of aspirates diagnosed as “follicular neoplasm/
suspicious for follicular neoplasm” are
actually carcinomas; the remaining
70–85% of nodules are benign.
• Only capsular and/or vascular invasion
which is shown on microscopic examination of the surgical specimen can set
the diagnosis as carcinoma.
• Molecular testing on FNAB aspirates
may be useful in differential diagnosis
of follicular neoplasm. In ATA 2015
guidelines, these tests are recommended
as an adjunct method before proceeding
to surgery whenever available.
• Surgical excision of Bethesda category
IV nodules as lobectomy is also recommended for assessment of capsule and
to obtain a definitive diagnosis.
• The intraoperative frozen section is
impractical and is non-definitive in
most of the cases to dictate total
thyroidectomy.
• Molecular markers are a promising area
and need further research to be proven
as effective to differentiate benign from
malignant follicular lesions.
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Abstract

Thyroid nodules are a common finding in the
adult population. Fine-needle aspiration
biopsy (FNAB), when required, has an important role in the assessment of a thyroid nodule
by assisting the triage of patients to surgery or
surveillance. However, FNABs which are
classified in the Bethesda category 3 (atypia of
undetermined significance (AUS) or follicular
lesion of undetermined significance (FLUS))
are difficult to manage because of the wide
spectrum of cytopathologic findings in this
category. While the Bethesda System for
Reporting Thyroid Cytopathology recommends repeat FNAB for category 3, recent
studies recommend molecular testing, if available. And also, surveillance or surgery is recommended especially if repeat FNAB
cytology and/or molecular testing is not performed or inconclusive. In conclusion, unlike
other categories in Bethesda classification,
management of the AUS/FLUS category is
still controversial.
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18.1

Case Report

A 59-year-old female was admitted to the hospital
with the complaint of swelling in the neck. She
was a housewife and had two children. Physical
examination revealed that there was a palpable
nodule in the left thyroid lobe. The patient had no
family history or radiation exposure. T4 and TSH
levels were 10.84 pmol/L (range, 7–15.96 pmol/L)
and 1.58 mIU/L (range, 0.38–5.33 mIU/L), respectively. Sonographically, only a 2 cm nodule was
detected in the left lobe, and the right lobe was
normal. No lymphadenopathy was detected in the
neck. The nodule was hypoechogenic and solid.
Fine-needle aspiration biopsy (FNAB) was performed. Cytology result was “follicular lesion of
undetermined significance” (FLUS). Therefore
repeat FNAB was performed. Repeat FNAB result
was again FLUS. Because the patient’s nodule was
solid and hypoechogenic, surgery was performed.
During surgery the left thyroid lobe and isthmus
were removed. The specimen was sent to the
pathologist for a frozen section. But pathologist
could not differentiate the nodule if it was malignant or follicular neoplasm. After surgery, final
pathology result was invasive encapsulated follicular variant of papillary thyroid carcinoma.
Microscopically, the nodule was 2 cm in length
and had a fibrous capsule. There were granular and
oncocytic follicular epithelial cells with eosinophilic cytoplasm and irregular nucleus. There was
no vascular invasion, but capsular invasion was
detected. All surgical margins were negative.
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Therefore, completion thyroidectomy was performed. The result of the second pathology after
completion surgery was thyroid tissue composed
of colloid-filled follicles. The patient was T1b N0
M0 according to AJCC/UICC TNM system.

18.2

Discussion

Thyroid nodules are a common finding in the
adult population. As ultrasonography (USG),
computerized tomography (CT), and magnetic
resonance imaging (MRI) have been used widespread, many nonpalpable thyroid nodules have
been found incidentally [1]. Although most nodules are asymptomatic, they should be assessed
in detail by testing thyroid-stimulating hormone,
USG, and FNAB when necessary [2].
FNAB has an important role in the assessment
of a thyroid nodule. By estimating the risk of
malignancy, FNAB assists the triage of patients
to surgery or surveillance [3]. The Bethesda
System for Reporting Thyroid Cytopathology
(TBSRTC) classifies FNAB results into six categories that have been used generally in planning
further management [4]. Each of these diagnostic
categories has a suggested risk of malignancy
and specific recommendations for subsequent
management.
Fine-needle aspirations which can’t be classified into the benign, suspicious, or malign categories in the Bethesda system are defined as
“atypia of undetermined significance” (AUS) or
FLUS (Bethesda category 3) [4].
AUS/FLUS is the most controversial category
and heterogeneous group [5]. The wide spectrum
of cytopathologic findings in this category ranges
from sample preparation artifacts to focal features
suggestive of papillary thyroid carcinoma [6].
Therefore, AUS/FLUS category should be used as
a last resort, and its use should be limited up to
approximately 7% of all thyroid FNABs [4].
The risk of malignancy of AUS/FLUS category according to Bethesda system is probably
closer to 5–5% [4]. However, some recent studies
have reported malignancy rates ranging from 6%
to 81% [7–14]. According to another recent
study, when evaluated separately, the rate of
malignancy was 25.8% in nodules with AUS and

17.6% in nodules with FLUS [12]. According to
these findings, the malignancy rates for AUS/
FLUS, which is estimated in TBSRTC, might not
be accurate, and since only a small fraction of
patients with AUS/FLUS have been operated, the
true incidence is unknown [15]. In our case,
FNAB result was FLUS, and after diagnostic surgery, the final pathology result was malignant.
AUS/FLUS has various architectural or
nuclear abnormalities that do not fit into any
other category [16]. Several studies suggest that
this category should be subclassified based on the
presence of these abnormalities [17–20]. The
popular opinion for the subclassification is the
proposal to distinguish AUS/FLUS lesions
according to their nuclear or architectural atypia.
In a recent study, malignancy was diagnosed in
15.5% of nodules with architectural atypia and in
41.5% of nuclear atypia [17]. Another study
showed that the malignancy rate for nodules with
nuclear atypia was significantly higher than the
rate for nodules with architectural atypia [18].
Chandra et al. showed that malignancy rate was
higher in cases (24.1%) with atypical nuclear features in comparison to architectural atypia [19].
And Kim et al. found that the rate of neoplasm,
which includes all malignancy and adenoma,
showed a significant difference between cellular
(51.8%) and architectural (25.2%) atypia [20].
TBSRTC recommends repeat FNAB for the
further management of the category 3 FNAB
results [4]. According to clinical and sonographic
correlations, the American Thyroid Association
guidelines recommend that nodules with AUS/
FLUS cytology should be investigated by repeat
FNAB and molecular testing. Although many
authors have suggested performing repeat FNAB
not sooner than 3 months, it is not necessary to
wait especially when clinical or USG features are
suspicious. And also, surveillance or surgery is
recommended especially if repeat FNAB cytology and/or molecular testing is not performed or
inconclusive [21]. Moreover, in a recent study,
active surveillance is recommended after careful
assessment of the patient and the nodule’s characteristics [6]. In our case, we performed repeat
FNAB. However, repeat FNAB result was again
FLUS. In our institution, molecular analysis is
not available. Thus, diagnostic surgery was
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performed because the nodule was solid and
hypoechogenic sonographically.
Molecular analysis is one of the recommended
methods for undetermined FNABs. Positive predictive value for thyroid cancer is high when
BRAF, NRAS, HRAS, and KRAS point mutations
and PAX8/PPARG and RET/PTC rearrangements
are detected [22, 23]. Good predictive values
have also been shown in several studies [24–26].
However, genetic tests are not available at many
centers and expensive [27].
Sonographic malignancy criteria of the nodules
are solid component, hypoechogenicity, irregular
margins, microcalcifications, and a shape taller
than wide measured on a transverse view [21, 28].
Recent studies which investigate sonographic
malignancy features of the nodules that have FNAB
results of AUS/FLUS also showed that irregular
margins, taller-than-wide shape, and microcalcifications are associated with malignancy. But, nodule size is not a criterion for malignancy in patients
with AUS/FLUS [1]. Our patient’s nodule was
hypoechogenic and solid. Although FNAB result
was indeterminate, these sonographic findings
were suspicious for malignancy.
The aim of the surgery for indeterminate nodules
is to establish a histological diagnosis and provide
treatment. Therefore, surgery is planned for the
nodules with AUS/FLUS cytology if there is a suspicion for malignancy according to repeat FNAB or
molecular analysis results or having sonographic
malignancy criteria which are mentioned before
[21]. Thyroid lobectomy should be the first choice
of treatment for an indeterminate single nodule
[21]. However clinical or sonographic characteristics, patient preference, and molecular testing may
alter the choice of the surgical treatment.
Total thyroidectomy can be the initial treatment for the patients with a nodule of AUS/FLUS
cytology when there are sonographic malignancy
criteria or a history of familial thyroid cancer or
radiation exposure [21]. Moreover, total or near
total thyroidectomy can be preferred when the
patient has bilateral multinodular disease or to
avoid future contralateral thyroidectomy due to
patients’ request. Patients should undergo completion thyroidectomy if the tumor is >1 cm, or if
the patient is older (>45), or if the patient has
contralateral nodules or a family history of
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d ifferentiated thyroid carcinoma or a history of
radiation exposure to the head and neck [21]. In
our case, FNAB result was inconclusive, and
molecular analysis was not available; therefore
diagnostic surgery was inevitable due to sonographic findings. As mentioned before, final
pathology result was invasive encapsulated follicular variant of papillary thyroid carcinoma,
and the 2 cm nodule had capsular invasion. Thus
we performed completion thyroidectomy.
In conclusion, unlike other categories in
Bethesda classification, management of the
AUS/FLUS category is controversial due to a
wide spectrum of cytopathologic finding ranges
from sample preparation artifacts to focal features suggestive of papillary thyroid carcinoma.
Therefore, several studies suggest subclassification of this category according to the nuclear or
architectural atypia in cytology to triage the
patients to surgery or surveillance. On the other
hand, molecular analysis is a promising but an
expensive method, and it is not available in many
institutes. Under these circumstances, it is necessary to evaluate the cytologic findings considering the institutes own malignancy rates and the
sonographic findings for the management of
Bethesda category 3 nodules.

What Can We Learn from This Case?

• Repeat FNAB is recommended for the
further management of the category 3
FNAB results.
• Molecular analysis is a recommended
and promising method for undetermined
FNABs. However, it is expensive and
not available in many institutes.
• TBSRTC is a widely accepted classification method. But given the recent
studies, a subclassification in the
Bethesda category 3 might be useful for
the management of the patients.
• Because of the wide range of differences among the malignancy risk of category 3 lesions in the literature,
clinicians should consider the clinical
and USG features and the malignancy
rates of their institutions.

M. Ali Koç et al.

102

References
1. Kiernan CM, Solórzano CC. Bethesda category III,
IV, and V thyroid nodules: can nodule size help predict malignancy? J Am Coll Surg. 2017;225:77–82.
2. Russ G, Leboulleux S, Leenhardt L, Hegedus
L. Thyroid incidentalomas: epidemiology, risk stratification with ultrasound and workup. Eur Thyroid J.
2014;3:154–63.
3. Polyzos SA, Kita M, Avramidis A. Thyroid stepwise diagnosis and management. Hormones.
2007;6:101–19.
4. Cibas ES, Ali SZ, NCI Thyroid FNA State of the
Science Conference. The Bethesda system for
reporting thyroid cytopathology. Am J Clin Pathol.
2009;132:658–65.
5. Estrada Muñoz L, Díaz Del Arco C, Ortega Medina
L, Fernández Aceñero MJ. Thyroid atypia/follicular
lesion of undetermined significance: attitudes towards
the diagnosis of Bethesda system III nodules. Acta
Cytol. 2017;61:21–6.
6. Cohen O, Tzelnick S, Lahav Y, Schindel D, Halperin
D, Yehuda M. Selection of atypia/follicular lesion
of unknown significance patients for surgery versus
active surveillance, without using genetic testing: a
single institute experience, prospective analysis, and
recommendations. Thyroid. 2017;27:928–35.
7. Kholova I, Ludvikova M. Thyroid atypia of undetermined significance or follicular lesion of undetermined significance: an indispensable Bethesda 2010
diagnostic category or waste garbage? Acta Cytol.
2014;58:319–29.
8. Kim SK, Hwang TS, Yoo YB, Han HS, Kim DL,
Song KH, et al. Surgical results of thyroid nodules
according to a management guideline based on the
BRAF(V600E) mutation status. J Clin Endocrinol
Metab. 2011;96:658–64.
9. Carr R, Ustun B, Chhieng D, Schofield K, Theoharis
C, Hammers L, et al. Radiologic and clinical predictors of malignancy in the follicular lesion of undetermined significance of the thyroid. Endocr Pathol.
2013;24:62–8.
10. Crowe A, Linder A, Hameed O, Salih C, Roberson
J, Gidley J, et al. The impact of implementation of
the Bethesda system for reporting thyroid cytopathology on the quality of reporting, “risk” of malignancy, surgical rate, and rate of frozen sections
requested for thyroid lesions. Cancer Cytopathol.
2011;119:315–21.
11. Bongiovanni M, Spitale A, Faquin WC, Mazzucchelli
L, Baloch ZW. The Bethesda system for reporting
thyroid cytopathology: a meta-analysis. Acta Cytol.
2012;56:333–9.
12. Topaloglu O, Baser H, Cuhaci FN, Sungu N, Yalcin A,
Ersoy R, et al. Malignancy is associated with microcalcification and higher AP/T ratio in ultrasonography,
but not with Hashimoto's thyroiditis in histopathology
in patients with thyroid nodules evaluated as Bethesda

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Category III (AUS/FLUS) in cytology. Endocrine.
2016;54:156–68.
Gocun PU, Karakus E, Bulutay P, Akturk M, Akin M,
Poyraz A. What is the malignancy risk for atypia of
undetermined significance?. Three years’ experience
at a university hospital in Turkey. Cancer Cytopathol.
2014;122:604–10.
Park HJ, Moon JH, Yom CK, Kim KH, Choi JY,
Choi SI, et al. Thyroid “atypia of undetermined
significance” with nuclear atypia has high rates of
malignancy and BRAF mutation. Cancer Cytopathol.
2014;122:512–20.
Turkyilmaz S, Ulusahin M, Celebi B, Cekic AB, Mungan
S, Kucuktulu U, et al. Thyroid nodules classified as
atypia or follicular lesions of undetermined significance
deserve further research: analysis of 305 surgically confirmed nodules. Cytopathology. 2017;28:391–9.
Vanderlaan PA, Krane JF, Cibas ES. The frequency of
‘atypia of undetermined significance’ interpretations
for thyroid fine-needle aspirations is negatively correlated with histologically proven malignant outcomes.
Acta Cytol. 2011;55:512–7.
Rosario PW, Calsolari MR. Importance of cytological subclassification of thyroid nodules with Bethesda
category III cytology (AUS/FLUS) into architectural
atypia only and nuclear atypia: a prospective study.
Diagn Cytopathol. 2017;45(7):604.
Gan TR, Nga ME, Lum JH, Wong WM, Tan WB,
Parameswaran R, et al. Thyroid cytology-nuclear versus architectural atypia within the "atypia of undetermined significance/follicular lesion of undetermined
significance" Bethesda category have significantly different rates of malignancy. Cancer. 2017;125:245–56.
Chandra S, Chandra H, Bisht SS. Malignancy rate in
thyroid nodules categorized as atypia of undetermined
significance or follicular lesion of undetermined
significance: an institutional experience. J Cytol.
2017;34:144–8.
Kim SD, Han SH, Jeong WJ, Kim H, Ahn SH.
Differences in clinical features between subcategories
of “atypia/follicular lesion of undetermined significance”. Endocr Pathol. 2017;28:247–52.
Haugen BR, Alexander EK, Bible KC, Doherty GM,
Mandel SJ, Nikiforov YE, et al. 2015 American
Thyroid Association management guidelines for adult
patients with thyroid nodules and differentiated thyroid cancer: the American Thyroid Association guidelines task force on thyroid nodules and differentiated
thyroid cancer. Thyroid. 2016;26:1–133.
Nikiforov YE, Ohori NP, Hodak SP, Carty SE,
LeBeau SO, Ferris RL, et al. Impact of mutational
testing on the diagnosis and management of patients
with cytologically indeterminate thyroid nodules: a
prospective analysis of 1056 FNA samples. J Clin
Endocrinol Metab. 2011;96:3390–7.
Cantara S, Capezzone M, Marchisotta S, Capuano S,
Busonero G, Toti P, et al. Impact of proto-oncogene
mutation detection in cytological specimens from

18 A Gray Zone in Thyroid Fine-Needle Aspiration Cytology: AUS-FLUS
thyroid nodules improves the diagnostic accuracy of
cytology. J Clin Endocrinol Metab. 2010;95:1365–9.
24. Labourier E, Shifrin A, Busseniers AE, Lupo MA,
Manganelli ML, Andruss B, et al. Molecular testing for miRNA, mRNA, and DNA on fine-needle
aspiration improves the preoperative diagnosis of
thyroid nodules with indeterminate cytology. J Clin
Endocrinol Metab. 2015;100:2743–50.
25. Nikiforov YE, Carty SE, Chiosea SI, Coyne C,
Duvvuri U, Ferris RL, et al. Impact of the multi-gene
ThyroSeq next-generation sequencing assay on cancer
diagnosis in thyroid nodules with atypia of undetermined significance/follicular lesion of undetermined
significance cytology. Thyroid. 2015;25:1217–23.

103

26. Lithwick-Yanai G, Dromi N, Shtabsky A, Morgenstern
S, Strenov Y, Feinmesser M, et al. Multicentre validation of a microRNA-based assay for diagnosing
indeterminate thyroid nodules utilising fine needle
aspirate smears. J Clin Pathol. 2017;70:500–7.
27. Wu JX, Lam R, Levin M, Rao J, Sullivan PS, Yeh
MW. Effect of malignancy rates on cost-effectiveness
of routine gene expression classifier testing for indeterminate thyroid nodules. Surgery. 2016;159:118–26.
28. Kwak JY, Han KH, Yoon JH, Moon HJ, Son EJ,
Park SH, et al. Thyroid imaging reporting and data
system for US features of nodules: a step in establishing better stratification of cancer risk. Radiology.
2011;260:892–9.

Is Surgery the Treatment of Choice
for Every Thyroid Nodule?

19
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Abstract

The correct diagnosis of the thyroid nodule
begins with clinical examination, interrogation, biochemical detection of the hormone
level and ultrasonography (USG), and, if necessary, fine needle aspiration cytology
(FNAC). The FNAC decision is based on the
clinical and radiological (USG) characteristics
of the nodule. At this stage, it is essential to
classify the nodule according to current
knowledge and guidelines regarding the risk
of cancer. Thyroid nodule diagnosis is prevalent, but no surgical treatment is needed to
treat all of them.
A 29-year-old male patient with a diagnosis of papillary microcarcinoma who underwent surgical resection for a solid thyroid
nodule was presented. While describing the
clinical process of this case, the limits of surgery (total thyroidectomy–hemithyroidectomy) were discussed.
The correct implementation of procedures
for the operation decision, the evaluation of
the results, and the place of concept of work
multidisciplinary in the whole process were
reviewed according to current guidelines.
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19.1

Case Presentation

A 29-year-old male patient presented with a lump
in his neck in January 2015, which he had realized approximately 3 months ago. In his physical examination, the left lobe of the thyroid gland
was swollen with a soft mass approximately 3 cm
in diameter and homogenous surfaced structure. There are no unusual findings in his neck
area examination and general physical examination. His TSH level was measured as 2.2 mg/
dl. Ultrasonographic examination of the thyroid
gland revealed that the dimensions of the right lobe
were 17 × 10 × 6 mm, left lobe 28 × 14 × 10 mm,
and isthmus anteroposterior length 3 mm, and
the parenchymal echo seemed normal. A macronodule of dimensions 39 × 29 × 27 mm, which
appeared heterogeneously isoechoic in the left
lobe with central location and vascular codings and cystic structures, was shown on USG
(Fig. 19.1). In ultrasonographic neck examination of submental area, there were only a few
lymph nodes which were <1 cm, and they seemed
benign. The cytological findings of the fine needle
aspiration biopsy (FNAB) were as follows: aspiration material was hypocellular but sufficient in
amount, thyrocytes were uniform, and colloidal
fluid was minimal. The diagnosis was benign cystic nodule of the thyroid (Bethesda 2). Although
the nodule was benign, surgery decision was
made due to the patient’s risk factors and concerns, and 
hemithyroidectomy was performed.
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Fig. 19.1 Axial (a) and longitudinal (b) views of the thyroid nodule on ultrasonography

Pathological findings are as follows: colloid
nodule was 4 × 3 cm in size, dimensions of its
cross section were 33 × 25 × 21 mm, and it was
brownish-creamy in color in some areas and separated from the thyroid tissue with a thick, welldefined fibrotic capsule. In another area, distal to
the dominant nodule, another nodule which was
0.1 cm away from the capsule and 6 mm in diameter, with well-defined borders and in yellowishwhite color, was found and it was totally sampled.
Pathologically result: Papillary microcarsinoma,
with encapsulation,without vascular and extrathyroid invasion, HBME-1 (Cell Marque/HBME):1
isthmus and other areas were clean.

19.2

Discussion

19.2.1 Evaluation and Diagnosis
Thyroid nodules are the solid or fluid-filled lumps
within the normal thyroid glands. They are usually localized adjacent to the thyroid tissue which
gives the patient a sense of a swollen neck and
can be recognized easily in slim persons.
It is known that 1 in every 40 young men
and 1 in 12–25 young women have thyroid
nodules. More than 90% of these are benign,
mostly cystic, but sometimes complex in structure and filled mainly with fluid/colloid instead
of tissue cells.
The probability of having a nodule in the thyroid gland increases with age. It is well accepted
that it is present in almost half of the people aged
50. In our country, iodine depletion is an important etiological factor. Postmortem analyses

series conducted in Germany and Central Europe
showed that the percentage of nodules with clinical findings is 50% and 5–10% of palpable nodules carry the risk of cancer. Every year in 5 of
100,000 nodules, new thyroid cancer is being
detected. These nodules need to be followed up
and treated because of the risk of malignancy.
Genetic transmission almost does not exist,
but there is a tendency in certain areas and families. Rarely, being single-egg twins and having
some other genetic disorders may increase the
malignancy risk in people with thyroid nodules.
Hormonal change mediators like beta-hCG and
IGF-1 may facilitate nodule formation by increasing the TSH levels [1, 2].
In patients with a detected nodule, the decision of following up or suggesting surgical intervention should be based on answers to the
following questions: Does the nodule have potential cancer risk? Does it compress on the adjacent
organs in the neck? Does it change the functions
of the thyroid gland, for example, by excreting
too many hormones affecting the metabolism? Is
there a cancer case in the family history and has
the patient been subject to ionizing radiation in
his childhood or adolescence? Are there any
lymphadenopathies? Is there a dimensional or
structural change of the nodule in time? Also, age
(>14 or <70 years) and gender of the patient
(more in man than woman) should be taken into
consideration while making the decision [1–3].
During the initial visit, a detailed patient history and physical examination are necessary.
TSH level measurement and USG evaluation are
also vital. Some scoring systems have been
developed for the risk evaluation of the patients
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with a nodule. We prefer to use the definitions of
the American Thyroid Association (ATA) guidelines, and precisely indicated FNAB and careful
interpretation of the result are very important
for the correct approach. According to the latest
version of the ATA guidelines published in
2015, low-risk nodules which are smaller than
5 mm can be followed up yearly, and there is no
indication of FNAB. For nodules bigger than
5 mm, the following criteria should be considered before performing FNAB: whether the
nodules of 5–10 mm in diameter are located
subcapsular or paratracheal, the presence of
extrathyroidal pathological findings or lymph
node enlargement in the neck, and family history of cancer or detection of risk increasing
features in the patient history.
If the patient has a moderate or undefined risk,
FNAB should be performed in nodes which are
10–20 mm in diameter; if the patient has a high
risk, then FNAB should be performed in nodes
bigger than 10 mm. If the patient is hyperthyroid
and findings are suggesting that the nodule is
benign or the patient has lymphocytic thyroiditis,
FNAB is not recommended. It should be performed however in nodules >1 cm that are
detected incidentally during PET scanning.
FNAB results are evaluated according to
Bethesda system (the Bethesda System for
Reporting Thyroid Cytopathology (TBSRTC)),
[3–7] (Table 19.1).
Ultrasonographic (USG) evaluation has a particular value in the identification of the risk. Two
major criteria for FNAB decision are the size of
the nodule and USG findings [3, 4].
Ultrasonographic evaluation of the thyroid
recently described by Horvath (Thyroid Imaging
and Reporting Data System (TIRADS)) is also
being recommended by the American College of
Radiology (ACR). Fine needle aspiration is the
most accurate and cost-effective method for the
evaluation of thyroid nodules. As false-negative
results and underdiagnosis rates will be diminished, it is recommended to be accompanied by
USG (ATA Recommendation (R) 9) [1, 6, 7].
Fine needle aspiration indication is consistent with USG findings regarding the structure
of the nodule: very low if the nodule is pure cys-

Table 19.1 Risk classification according to US (AACE/
ACE/AME)
Category
1. Low-risk
lesion (<1%)
cysts (fluid
component
>80%)

2. Intermediaterisk thyroid
lesion
(%1-15

3. High-risk
thyroid
lesion
(50–90%)

US findings
Mostly cystic nodules
with reverberating
artifacts and not
associated with
suspicious US signs
Isoechoic spongiform
nodules, either
confluent or with
regular halo
“indeterminate”
Slightly hypoechoic
(vs. thyroid tissue) or
isoechoic nodules with
ovoid-to-round shape
and smooth or
ill-defined margins
may be present:
 Intranodular
vascularization
 Elevated stiffness at
elastography
 Macro or continuous
rim calcifications
 Indeterminate
hyperechoic spots
Nodules with at least
one of the following
features:
 Marked
hypoechogenicity
(vs. prethyroideal
muscles)
 Spiculated or
lobulated margins
 Microcalcifications
 Taller-than-wide
shape (AP > TR)
 Extrathyroidal
growth
 Pathologic
adenopathy expected
risk of malignancy
in accordance with
the presence of one
or more suspicious

Approach
Follow-up

Follow-up
with FNA

Surgery

AACE/ACE/AME American Association of Clinical
Endocrinologists/American College of Endocrinology/
Associazione Medici Endocrinologi, AP anteroposterior

tic and increase a little if the nodule has spongelike complex cystic/solid structure. It increases
significantly if the nodule is solid, and USG
shows capsule border irregularity, calcification,
lymph node enlargement at the capsule border,
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or capsizing the capsule border. Each nodule has
to be approached individually, changing from
low risk to high risk and follow-up to surgical
intervention. To decide whether the gray area
nodules are candidates for surgery, multidisciplinary but case-specific individual decisions
should be based on clinical experience and
actual knowledge [3, 7, 8].
If the patient is in the low-risk group, USG
every 6 months for 3 years is recommended.
According to its results, the patient is reevaluated
and follow-up is either continued or discontinued. If FNAB is indicated and it is Bethesda 1 or
2 in the first one, it should be repeated 1 year
later; if it is Bethesda 3, it should be repeated at a
shorter time interval such as 3 months. If the findings are not explicit, it should be performed even
at shorter periods. A case diagnosed with undefined atypical cells subsequently is a candidate
for surgery (Table 19.2).
Table 19.2 Comparison of the BRSCT, TI-RADS, and
recommended clinical management
Bethesda
TI-RADS
1. Nondiagnostic, 1. Normal
thyroid gland
cystic fluid
only
2. Benign
2. Benign
lesions
3. Probably
3. AUS/FLUS
benign lesions
atypia of
undetermined
significance or
follicular lesion
of
undetermined
significance
4. Suspicious
4. Follicular
lesions
neoplasm or
subclassified as
suspicious for
4a, 4b, and later
follicular
4c with
neoplasm
increasing risk
of malignancy
(5–10/10–80%)
5. Suspicious for 5. Probably
malignancy
malignant
lesions
6. Malignant
6. Biopsy proven
malignancy

Clinical
management
Repeat FNA
with ultrasound
guidance
Clinical
follow-up
Repeat FNA

Surgical
lobectomy or
thyroidectomy

Thyroidectomy
or surgical
lobectomy
Thyroidectomy
(+neck
dissection)

19.3

Management

A nodule which is radiologically and pathologically benign (TIRADS 2 and Bethesda 2) does
not need to be followed up or additional assessment (ATA R11) [1]. For low- to moderate-risk
nodules, USG can be repeated every 12 months,
for high-risk nodules every 6 months depending
on the size of the nodule, USG features, or individual factors even if they are benign (ATA
R23–24) [1]. In our case, the patient was risky
for the following reasons with the annual USG
could be recommended but because of the risk
factors in patient’s own and family history and
individual factors (his grandmother had thyroid
carcinoma, he was born in Northern Anatolia in
1986 – Chernobyl nuclear disaster) and pre tracheal placement of the nodule and additionally
his mother was a very concerned healthcare
worker close follow up or surgical intervention
was offered to him. Both choices are discussed
in detail regarding the risks and benefits with
the subject. The patient chose the surgery
option, and total thyroidectomy or hemithyroidectomy was suggested. As the initial diagnosis
was not malignant and the necessary conditions
for a second surgical intervention were present,
surgical lobectomy was planned. The additional
blood tests such as thyroid function tests, calcitonin, anti-TPO, and anti-TG which are suggested for subtotal thyroidectomy patients were
done (ATA R4, ATA R10c) [1]. All were in the
normal range. Left hemithyroidectomy was performed. The initial nodule which was found by
the patient himself was diagnosed as a colloid
nodule, but incidentally in another area of the
same lobe, papillary microcarcinoma (PMC)
was detected. Papillary microcarcinoma is an
entity with very low metastasis and mortality
rates <1%. Similar cases are being seen more
often nowadays which brings overdiagnosis and
overtreatment concepts into consideration [8,
9]. As even with experienced endocrine surgeons, the morbidity rate is reported to be 1–3%,
and it is widely accepted today that total thyroidectomy is not obligatory in this group of
patients. It is even being discussed if active follow-up is necessary for them [8–10].
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19.4

Follow-Up and Outcome

This case has been discussed at a multidisciplinary endocrine council. Lobectomy was
regarded as sufficient and the patient to be followed up [1, 5, 8]. One month after the surgery
and from then on every 6 months, the patient
has been followed up by TSH level measurements and USG. After 2 years, the follow-up
continues with two times TSH level control and
1 USG yearly without problems. The first TSH
value was 2.5. Replacement therapy with
75 μgm/day levothyroxine has been initiated.
The target TSH value was 0.5–1, and the last
measured value was 0.91 for TSH [8–10].

19.4.1 Future
Although there are numerous studies assessing
the predictive value of molecular markers and
cytogenetic tests, the outcomes and level of the
evidence are not satisfactory; they are not
included in the current guidelines [10, 11].
For targeted diagnosis and therapy, more studies should be conducted in this area.

What Can We Learn from This Case?

• Thyroid nodules are usually benign and
common, and surgery is not suitable or
necessary for most of them. When surgical intervention is planned for a diagnosed nodule, surgical morbidity, side
effects of hormone replacement therapy, recurrence, redone surgical interventions, their adverse effects on
quality of life, and high costs should
also be considered carefully. It is also
known that in the past many patients
had undergone unnecessary surgical
interventions.
• The right approach for each patient with
a thyroid nodule can be chosen after risk
assessment according to the actual
guidelines.
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• FNAB is the most accurate and costeffective method in nodule evaluation.
• The size of the nodule and the USG features are the two major factors in FNA
decision. It should be accompanied by
USG as it reduces the false-negative and
underdiagnosis rates (ATA R9).
• The clinical experience of the radiologist and the pathologist (cytologist) is
very important.
• The decision regarding the approach
toward the nodule differs from the low
risk to high risk as follow-up or surgical
intervention.
• For the differential diagnosis and surgical
intervention decision of the nodules
which are in the gray area, patients should
be evaluated individually with actual
knowledge in a multidisciplinary way.
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Follow-Up of Nodular-Multinodular
Goiter: When Should the Operation
Be Performed?

20

Ali İlker Filiz and Taner Kıvılcım

Abstract

Thyroid nodules are a commonly encountered
clinical condition. The follow-up criteria for
thyroid nodules principally rest with patient’s
history, thyroid hormone levels, imaging features, and biopsy results. In this case, a n odular
thyroid disease, which was reported as follicular neoplasia, was discussed. Additionally, the
management strategy in case the results of fine
needle aspiration biopsies are different among
several cytology reports as in our case was
also discussed. The interesting part of this
case was that an incidental malignant nodule
was found in the opposite lobe of the thyroid
after the operation.

20.1

Case Presentation

A 43-year-old woman presented with a thyroid
nodule in the right lobe, which had been found
2 years ago incidentally with a neck ultrasound
(USG) examination. She had not experienced
any specific symptoms, such as neck pain, dysphagia, hoarseness, or compressive symptoms.

A. İ. Filiz · T. Kıvılcım (*)
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University, Faculty of Medicine, Istanbul, Turkey

There was not any past family or medical history, and she had no history of irradiation to the
head or neck. There was no any palpable mass
on the neck and the cervical region on physical
examination. On laboratory analysis, the serum
thyroid-stimulating hormone (TSH) level was
within normal range (1.7 mg/dl). Thyroid USG
disclosed a well-defined, lobular contoured iso-
hypoechoic solid nodule seen with peripheral
thin hypoechoic halo sized as 15 × 12 × 27 mm
in the right lobe having macrocalcifications.
On color Doppler USG, peripheral and central
vascularizations were seen. Additionally an
irregularly contoured nodule was seen in the left
lobe, which sized as 4 × 4.4 mm and showing
hypoechoic solid echotexture with microcalcifications. Peripheral blood flow was seen in color
Doppler USG (Figs. 20.1 and 20.2). USG also
showed a few benign characterized lymph nodes
which were smaller than 1 cm. When compared
with previous USG report, which had been
made 1 year ago, the nodule in the right lobe
became larger, but nodule in the left lobe was
a new finding. A fine needle aspiration biopsy
(FNAB) had been performed from the nodule in
the right lobe 2 years ago, and cytological findings were benign. Due to the fact that the nodule
in the right lobe became larger and the nodule
in the left lobe had the high suspicious characteristics of malignancy, an FNAB was repeated
for both nodules. The cytological findings were
follicular neoplasia for the nodule in the right
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a

b

Fig. 20.1 A well-defined, lobular contoured iso- posterior part of the right lobe (arrow). There are also
hypoechoic solid thyroid nodule with peripheral thin macrocalcifications within the nodule (a). Color Doppler
hypoechoic halo sized as 15 × 12 × 27 mm in the middle USG shows peripheral and central vascularization (b)

a

Fig. 20.2 Thyroid nodule in the lower posterior part of
the left lobe (arrows). Nodule sized as 4 × 4.4 mm shows
hypoechoic solid echotexture with microcalcifications

Fig. 20.3 Hypercellular
smear with follicular
structures compatible
with follicular neoplasia
(May-Grunwald-
Giemsa, 40×)

b

and has irregular contours (a), peripheral blood flow was
seen on color Doppler USG (b)
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Fig. 20.4 Nodular
lesion is showing
pleomorphism and
multinucleated cells.
Compatible with
follicular adenoma
because there is no
capsule or vessel
invasion (hematoxylin-
eosin, 20×)

Fig. 20.5 Papillary
folding and multinuclear
cells, compatible with
papillary carcinoma
(hematoxylin-eosin,
20×)

lobe (Fig. 20.3) and hypocellular/nondiagnostic for the nodule in the left lobe. According to
these results, bilateral total thyroidectomy was
performed. The pathological diagnosis was
follicular adenoma for right lobe nodule and
micropapillary carcinoma for the left lobe
nodule (Figs. 20.4 and 20.5).

20.2

Discussion

20.2.1 Evaluation and Diagnosis
Thyroid nodules are a commonly encountered
clinical condition. By use of high-resolution
USG imaging, the incidence increased to
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76% [1]. Over half million people are affected by
thyroid cancer in the United States, and thyroid
cancer incidence is also increasing worldwide
like thyroid nodules [2]. Nevertheless, mortality
of thyroid cancer is not increasing [3].
The follow-up criteria for thyroid nodules
principally rest with patient’s history, thyroid hormone levels, imaging features, and biopsy results.
Radiation history (e.g., childhood head and
neck irradiation, total body irradiation for bone
marrow transplantation) and family history of
thyroid cancer or syndromes associated with thyroid cancer in the first-degree relatives (e.g.,
PTEN (phosphatase and tensin homolog), hamartoma tumor syndrome (Cowden’s disease), familial adenomatous polyposis, Carney complex,
multiple endocrine neoplasia [MEN] 2, Werner
syndrome/progeria) are situations that require
close follow-up [4, 5]. For the initial evaluation
of a patient with a thyroid nodule, TSH levels
should be measured. For decreased TSH levels, a
radionuclide thyroid scan should be performed,
and for normal/elevated TSH levels, USG should
be performed [5].
The characteristics of the thyroid nodules in
USG evaluation are particularly important for the
follow-up. The recommendations for USG imaging in 2015 American Thyroid Association
Guideline for Thyroid Nodules (ATA 2015) are
listed in Table 20.1 [5]. In 2009, Horvath et al.
reported Thyroid Imaging Reporting and Data
System (TIRADS) for USG features of thyroid
nodules, and Kwak et al. further described it
(Table 20.2) [6, 7]. There are different recommendations in various guidelines to consider
biopsy according to the diameter of the nodule.
As seen at Table 20.1, FNAB is not recommended
for nodules below 1 cm even though it comprises
highly suspicious features [5]. Additionally, there
are many recent publications supporting this
approach [7, 8]. On the other hand, in some studies, FNAB is preferred for suspected nodules
even if smaller than 1 cm [9, 10].
When FNAB is performed for a nodule, cytology should be reported according to the “Bethesda
System for Reporting Thyroid Cytopathology”
[5, 11]. In Bethesda System, there are six diagnostic categories (Table 20.3) [11] which declare

Table 20.1 FNAB guidance for thyroid nodules according to USG patterns
Pattern
High
suspicion
(estimated
malignancy
risk
>70–90%)

Intermediate
suspicion
(estimated
malignancy
risk 10–20%)
Low
suspicion
(estimated
malignancy
risk 5–10%)
Very low
suspicion
(estimated
malignancy
risk <3%)
Benign
(estimated
malignancy
risk <1%)

USG features
• Irregular margins
• Microcalcifications
• Taller than wide
shape
• Rim calcifications
with small extrusive
soft tissue
component
• Evidence of
extrathyroidal
extension
• Hypoechoic solid
nodule with smooth
margins

• Isoechoic or
hyperechoic solid
nodule or partially
cystic nodule with
eccentric solid areas
• Spongiform or
partially cystic
nodules

• Purely cystic
nodules

Consider
FNAB
>1 cm
nodule

>1 cm
nodule

>1.5 cm
nodule

>2 cm
nodule or
observe

No biopsy
(aspiration
may be
considered
symptomatic
cysts)

Table 20.2 TIRADS classification and estimated malignancy risk
TIRADS
category
1
2
3
4
a
b
c

5
6

Definition
Normal
Benign
Probably benign
Low suspicion for
malignancy
Intermediate suspicion
for malignancy
Moderate concern but
not classic for
malignancy
Consistent with
malignancy
Malignant

Estimated
malignancy risk
(%)
0
0
2–2.8
3.6–12.7
6.8–37.8
21–91.9

88.7–97.9
100
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Table 20.3 Diagnostic categories according to “Bethesda
System for Reporting Thyroid Cytopathology” and risk of
malignancy

Diagnostic category
Nondiagnostic or unsatisfactory
Benign
Atypia of undetermined significance
or follicular lesion of undetermined
significance (AUS/FLUS)
Follicular neoplasm or suspicious for
a follicular neoplasm (FN)
Suspicious for malignancy (SUSP)
Malignant

Risk of
malignancy
(%)
1–4
0–3
5–15

15–30
60–75
97–99

a specific risk of malignancy and recommend the
management according to the cytology result.
For nondiagnostic cytology results, ATA 2015
guideline has notified three recommendations.
Firstly, FNAB should be performed once more
with USG guidance, and, if available, an on-site
cytologic evaluation would be better. Secondly, if
the nodule demonstrates nondiagnostic cytological result repeatedly, close observation is an
option or surgery might be performed for highly
suspicious nodules. Thirdly, surgery should be
considered for highly suspicious nodules or
growing nodules (>20% in two dimensions) or
nodules showing malignant clinical features [5].
It is shown that waiting 3 months for the second
biopsy is not necessary [12]. On the other hand,
Yoon et al. recommend a 6-month interval to
repeat FNAB after an initially nondiagnostic thyroid nodule to decrease false positivity [13]. In a
survey study with 694 participants for nondiagnostic biopsy results, repeated biopsy was performed to the 13% of the participants at <1 month,
46% in 1–3 months, and 22% at more than
3 months [14].
After the surgical intervention for a nodule
with benign cytology, it is shown that the rate of
malignancy is 3.2% [15]. Therefore, in ATA
2015 guideline, control USG and USG-guided
FNAB are recommended in 12 months for highly
suspicious USG pattern nodules and in
12–24 months for low/intermediate suspicious
nodules. After two benign FNAB results, the
malignancy risk reduces to zero [16]. Thus, fol-
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low-up does not seem necessary after two benign
FNAB results [5].
When follicular neoplasm or suspicious for
follicular neoplasm (FN/SUSP) is encountered as
a result of cytology, surgery should be decided.
Another way to follow these nodules is using
molecular tests, but it is still not the routine
approach [5].

20.2.2 Management
The discussed patient had a nodule with low suspicion on follow-up for 2 years. It was seen that
the nodule enlarged over 50% in this process.
Therefore, a second biopsy was done for this
nodule. Additionally, a 4 mm new nodule was
found in the contralateral lobe, which was highly
suspicious by USG.
The latest guidelines do not recommend an
FNAB for <1 cm nodule, even though it has high-
risk features [5, 8]. However, because of the two
suspicious nodules in different lobes, we preferred to perform FNAB for the nodule, which
was 0.4 cm. Cytology result showed us that the
bigger nodule in the right lobe was FN, and the
smaller one in the left lobe was nondiagnostic.
The patient was discussed in the multidisciplinary meeting (MDM), and the risk of malignancy of both nodules was evaluated. The
recommendation was total thyroidectomy. After
the MDM the patient was informed about the
situation, and the surgery was performed with the
consensus.
The purpose of MDM is to help the clinician
to resolve difficult cases and give advice about
the diagnosis, treatment, and care of the disease.
All members of this multidisciplinary team are
well specialized in their field and settle their
judgments according to the current guidelines to
make high-quality decision-making and to
improve the outcomes of the various diseases. In
our center, all patients with thyroid disease are
discussed in MDM, and the recommendations
are given after evaluation of patient’s general
health status, disease condition, and guideline
advice. Guidelines play an important role in the
decision-
making process, like a pathfinder.
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When cytological examination revealed FN or
SUSP of a thyroid nodule, the latest ATA
guideline strongly recommends lobectomy.

Furthermore, it may be modified according to
patient preference or molecular tests [5].

20.2.3 Future
By the standardization of the USG and FNAB
reports, it is more clear to plan surgery or followup nowadays. Nevertheless, the indeterminate

(atypia of undetermined significance/follicular
lesion of undetermined significance (AUS/
FLUS), FN, SUSP) biopsy results are still a problem leading to unnecessary thyroidectomies. This
kind of surgery causes complications (hoarseness, hypocalcemia, etc.) and lifelong medicine
dependence. To decrease unnecessary surgeries,
molecular tests could play an important role in
the future.

What Can We Learn from This Case?

• The follow-up criteria for thyroid nodules principally rest with patient’s history, thyroid hormone levels, imaging
features and biopsy results.
• After a benign biopsy result, controls
should be continued especially for high
suspicious nodules. The control biopsy
should be done after 12 months.
• When FN/SUSP is encountered as a
result of cytology, surgery should be
decided. The routine procedure should
be lobectomy, but this approach may be
modified. For multinodular thyroid
disease, to avoid a second surgery, total
or near-total thyroidectomy may be
decided.
• To decide an initial therapy, multidisciplinary meetings are important. After
deciding the therapy, the patient must be
informed about the consensus. The final
plan should decide after the patients’
confirmation.
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Abstract

A 55-year-old man had undergone bilateral
subtotal thyroidectomy due to multinodular
goiter 30 years ago, and histopathological
examination had revealed benign nodular
goiter. The patient had been suffering from
swelling in the neck and dyspnea for the last
15 years, and the symptoms got worsened by
the time. The thyroid ultrasonography
revealed a diffusely enlarged thyroid gland,
with the right lobe being 11 × 8 × 4 cm, left
lobe being 5.5 × 4.5 × 3 cm, and extension to
the retrosternal region. He was referred for
surgery. The operation was initiated with an
enlarged Kocher’s incision on the neck. The
retrosternal portion of thyroid could not be
removed through the neck incision, and thus,
partial sternotomy was performed. The
definitive treatment of recurrent goiter is primarily surgery. However, adhesions and scar
tissue due to previous neck surgery increase
the risk of complications during recurrent
surgery. The rate of complications increases
with the rising number of reoperations. It is
essential to find the recurrent laryngeal nerve
at the earlier stages of surgery and to give
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Istanbul University, Istanbul, Turkey
S. Özkan Gürdal (*)
Division of Breast and Endocrin Surgery, Tekirdağ
Namık Kemal Üniversity, Tekirdağ, Turkey

considerable attention to protect it during
surgery. Intraoperative nerve monitorization
should be used for preservation of recurrent
laryngeal nerve. Careful dissection and
attentive identification and preservation of
parathyroid glands, as well as recurrent
laryngeal nerves, should be performed during surgery.

21.1

Case Presentation

A 55-year-old man had undergone bilateral subtotal thyroidectomy due to multinodular goiter
30 years ago, and histopathological examination
had revealed benign nodular goiter. He did not
require l-thyroxine replacement therapy after
surgery. The patient had been suffering from
swelling in the neck and dyspnea for the last
15 years, and the symptoms got worsened by the
time (Fig. 21.1). The thyroid ultrasonography
(USG) revealed a diffusely enlarged thyroid
gland, with the right lobe being 11 × 8 × 4 cm and
the left lobe being 5.5 × 4.5 × 3 cm, and extension to the retrosternal region. Cervical and thoracic computed tomography (CT) scan performed
afterward revealed the left lobe of the thyroid
gland to extend to the ascending aorta level
toward mediastinum in the retrosternal region
(Fig. 21.2). The tracheal deviation was also
detected (Fig. 21.3). Mediastinal thyroid tissue
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Fig. 21.1 The neck of the patient
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Fig. 21.4 Thoracic CT scan showing high vascularity of
retrosternal goiter

Fig. 21.2 Thoracic CT scan showing thyroid descending
to the ascending aorta

Fig. 21.5 Excised thyroid tissue

Fig. 21.3 Cervical CT scan showing tracheal deviation
to the right

appeared excessively vascular in the CT scan
(Fig. 21.4). Therefore, thoracic surgery consultation was requested, and the patient was prepared
for partial sternotomy.

The surgery was initiated with an enlarged
Kocher’s incision on the neck. Both thyroid lobes
were extremely large, and a retrosternal portion
of the thyroid gland did not come out through
neck incision, and partial sternotomy was performed. Mediastinal thyroid tissue was excised in
cooperation with thoracic surgery team with precise attention to preserve the recurrent laryngeal
nerve (RLN) (Fig. 21.5). Then, the surgery was
completed with total thyroidectomy (Fig. 21.6).
There was no complication occurred during surgery and no need to open pleura in the mediastinum. The surgery was completed after the
insertion of aspiration drainage to thyroidectomy
area and to the mediastinum. The patient was
taken to the intensive care unit after the surgery
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Fig. 21.6 The appearance of the patient before closure of
incisions

and was carefully extubated; later he was taken to
general surgery service on the first day after surgery. No findings of hoarseness and hypoparathyroidism were detected.
The patient was discharged from hospital on
the third day after removal of the drainage.
Histopathologic evaluation revealed encapsulated
follicular variant thyroid cancer in a dimension of
0.7 cm on the basis of multinodular hyperplasia.
No tumoral necrosis and lymphatic or vascular
invasion were detected. Surgical borders were
observed as negative, and extrathyroidal invasion
was not detected. There was no requirement for
radioactive iodine treatment, and the patient was
taken into routine postoperative follow-up.

21.2

Discussion

21.2.1 Evaluation and Diagnosis
Goiter has been detected in 5–7% of all population worldwide, and researchers anticipated that
thyroid nodules would be detected in about 60%
of the general population if ultrasonographic
screening was performed [1, 2]. Surgical treatment is required in 10–15% of goiter patients.
Total thyroidectomy, near-total thyroidectomy,
subtotal thyroidectomy, or lobectomy may be the
surgery of choice, depending on the case.
Recurrence rates reached up to 12% after all thyroid surgeries in the literature [3, 4]. This rate varies between 2.5% and 42% in surgeries where
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some thyroid tissue is remained, which excludes
total thyroidectomy. On the other hand, in the case
of total thyroidectomy, the recurrence rate is
below 1% [5–8]. The frequency of recurrent cases
has declined in the last two decades due to the
performance of greater number of total thyroidectomies. Thirty years ago, total thyroidectomy was
not performed routinely for multinodular goiter.
In this case, the patient also underwent a bilateral
subtotal thyroidectomy. As a consequence of rest
thyroid tissue, he began to suffer from neck swelling accompanied with dyspnea after 15 years. The
most important factor affecting the recurrences
after thyroid surgery is the type of initial surgery.
Currently, we all performed total thyroidectomy
for either benign or malignant thyroid disease in
our routine clinical practice [9].
Before deciding on recurrent surgery, the
patient’s previous reports (surgery reports and
ultrasound findings after surgery) should be well-
evaluated. The type of first surgery, the remaining
amount of thyroid tissue, and any complication
during surgery should be investigated. This will
allow for clarification of goiter being either a
residue or a recurrence. However, surgical indications of both residual and recurrent nodular
goiter are the same, and they are similar to the
surgical indications of the primary nodular goiter
(Appendix).
The rate of cancer incidence is higher in recurrent surgery even when the first surgery is performed due to benign causes. Menegaux et al.
[10] reported the cancer rate to be 11.4% in
recurrent surgery in their study, while Levin et al.
[11] found this rate as 22%. In this recurrent
benign nodular goiter case, also we had an encapsulated follicular variant thyroid cancer with the
dimension of 0.7 cm in the basis of multinodular
hyperplasia. This case should remind us that we
should all perform total thyroidectomy even if
the case is benign nodular goiter. It is known that
performing total thyroidectomy in the first operation decreases the risk of recurrent goiter below
to 1% [5–8, 12–14].
The definitive treatment of recurrent goiter is
primarily surgery. However, adhesions and scar
tissue due to previous neck surgery increase the
risk of complications during recurrent surgery.
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The rate of complications increases with the rising number of reoperations [15]. In recurrent surgery, the rate of temporary recurrent laryngeal
nerve paralysis is 0–22%, the rate of permanent
nerve paralysis is 0–13%, the rate of development of temporary hypoparathyroidism is
9–35%, and the rate of permanent hypoparathyroidism is 0–22% [7, 11–14]. Thus, considering
the increased risk of complications, the indication of recurrent surgery should be well identified. In this case, the patient had severe dyspnea
with tracheal deviation due to huge thyroid and
needed surgery to get rid of the obstructive symptoms. In recurrent surgeries, we should give great
attention to preserve both parathyroid glands and
RLN. The American Thyroid Association (ATA)
guideline (2015) strongly suggests that the parathyroid glands and RLN should be completely
protected during surgery and also suggests that
the external branch of superior laryngeal nerve
(EBSLN) should be protected during upper lobe
dissection [9]. We gave great attention to protect
both RLN and EBSLN during surgery and used
intraoperative nerve monitorization (IONM)
device. We found the RLN at the beginning of the
surgery and preserve during surgery. The ATA
(2015) also suggests the use of IONM at a weak
recommendation level [9]. Dralle et al. [16]
reported an inversely proportional correlation
between the effort spent for looking for recurrence nerve and the rate of recurrent nerve injuries in their study. In addition, Sosa et al. [17]
demonstrated that as the rate of performing total
thyroidectomy increased, complication rates
decreased. As we know that the risk of complications during recurrent thyroid surgery is higher
[7, 11–14], we suggest that these types of cases
should be done in experienced centers to reduce
the risk of complications.

21.2.2 Management
Gain and loss balance should be considered thoroughly while deciding for recurrent thyroid surgery, and precautions should be taken against
possible complications. Researchers reported
that undiagnosed vocal cord paralysis might be

detected in 20% of cases after the first surgery
[4]. Therefore, bilateral vocal cords should certainly be examined using laryngoscopy before
recurrent thyroid surgery. In addition, the presence of both hypothyroidism and hyperthyroidism should be well evaluated, and surgery should
be planned when the patient becomes euthyroid
after the appropriate treatment. Preoperative
measurement of blood calcium and PTH levels is
crucial in the detection of coexisting hypoparathyroidism. Preoperative venous thromboembolism prophylaxis and antibiotic prophylaxis
should certainly be administered.
Researchers suggest that recurrent surgery may
be performed with lateral approach due to adhesions of the first surgery and the increased risk of
complications [4, 14]. In addition, identification of
recurrent laryngeal nerves in the early stages of
surgery and their preservation during surgery have
excessive significance [16]. The use of intraoperative nerve monitorization has been recommended
during surgery. Barczyński et al. [18] demonstrated in their wide-scaled retrospective series
that the use of IONM in recurrent thyroid surgery
decreases the rate of recurrent laryngeal nerve
injury. The use of IONM is beneficial in better
identification of recurrent nerve anatomy and in
predicting the rate of postoperative nerve damage.
Careful dissection and attentive identification and
preservation of parathyroid glands, as well as
RLNs, should be performed during surgery.
Complementary total thyroidectomy is recommended in recurrent goiter surgery. In the case of
unilateral RLN injury, total thyroidectomy should
be performed to the injured side, and a small amount
of tissue from the other (healthy) side should be left
to prevent the bilateral RLN injury [19]. When
malignancy is detected in histopathological examination of the removed thyroid specimen, ablation of
the remaining tissue will be possible using radioactive iodine in the postoperative periods [20].

21.3

Follow-Up and Outcome

There was no complication after surgery, and no
findings of hoarseness or hypoparathyroidism
were detected. The patient was discharged from
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the hospital in the postoperative third day after
the removal of the drainage. Histopathologic
evaluation revealed encapsulated follicular variant thyroid cancer in a dimension of 0.7 cm on
the basis of multinodular hyperplasia. No
tumoral necrosis and lymphatic or vascular
invasion were detected. Surgical borders were
observed as negative, and extrathyroidal invasion was not detected. There was no requirement for radioactive iodine treatment, and the
patient was taken into routine postoperative
follow-up.
What Can We Learn from This Case?

• Total thyroidectomy should be preferred
in benign nodular goiter to decrease the
recurrence risk.
• Permanent and temporary RLN injury
and hypoparathyroidism risk are higher
than the first surgery in recurrent nodular goiter.
• Indications for surgery in recurrent nodular goiter are similar to the indications
of primary nodular goiter.
• Bilateral vocal cord examination should
definitely be performed before recurrent
surgery.
• Surgery may be initiated with lateral
approach to recurrent thyroid surgery.
• Use of IONM is recommended in recurrent thyroid surgery.
• The recommended surgery in recurrent
nodular goiter is complementary total
thyroidectomy.

Appendix
Surgical indications in recurrent nodular goiter
are as follows:
1. Suspicion or presence of malignancy in a
nodule or nodules: Fine needle aspiration
biopsy (FNAB) is recommended for nodule
or nodules in the presence of hypoechogenicity, microcalcifications, interrupted

2.

3.
4.
5.

edge calcification, irregular borders, partial
or total disappearing of halo sign, increased
intranodular blood supply, greater anteriorto-posterior dimension of nodule than the
transverse diameter, invasion to anterior neck
muscles, or the presence of pathologic cervical lymphadenopathy in thyroid ultrasonography (USG). In addition, FNAB should be
performed in the presence of growth in nodule dimension between the two ultrasonographic monitoring (at least 2 mm growth at
least in two dimensions or more than 50%
increase in volume). Surgery should be performed in patients where FNAB biopsy
revealed follicular/Hurthle cell neoplasia or
suspicion, suspicion of malignancy, or malignant results.
Presence of pressure symptoms (presence of
dyspnea, dysphagia, hoarseness, or cough due
to pressure).
Retrosternal goiter.
Accompanying hyperthyroidism.
Presence of mutation in RET proto-oncogene.
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Intrathoracic Goiter
Ali Uğur Emre

Abstract

A recurrent intrathoracic goiter and a case of
intrathoracic goiter with tracheal narrowing are
presented. The symptoms were mainly dyspnea
and wheezing, but vascular compression is also
a possible severe symptom. The importance of
preoperative evaluation regarding the relation
of the gland with the surrounding structures
such as major vessels and trachea is emphasized. Although ultrasonography is the first step
radiologic tool for cervical thyroid pathologies,
non-contrast computerized tomography is the
preferred method of radiologic evaluation.
Valuable information about the extent of gland
to the mediastinum and the compressive effect
of the gland to the surrounding structures can
be evaluated, and operative management can be
planned in detail. Intubation of the patient with
a tracheal stricture needs to be focused on. The
alternatives are discussed on the case with low
situated tracheal compression. Most of the
intrathoracic goiters can be removed through a
cervical incision. Hourglass-shaped goiters or
intrathoracic goiters placed in the posterior
mediastinum and malignant cases with possible
invasions sometimes require a sternotomy or
thoracotomy to remove the gland safely thorough vascular structures.
A. U. Emre
Division of Endocrine Surgery, Bülent Ecevit
University, Zonguldak, Turkey

22.1

Case 1

A 76-year-old female patient was admitted with
dyspnea, dysphagia, and coughing symptoms
worsening gradually over the last 3 years. Her
medical history revealed a thyroidectomy operation 20 years ago, medical treatment with antiaggregants for coronary arterial stenosis after
angiographic evaluation, hypertension for
2 years, and gastritis. She presented the reports of
two thyroid fine needle aspiration biopsies
(FNAB) that had been nondiagnostic according
to Bethesda classification.
In her physical examination, there was a collar incision scar of the previous surgery in the
lower neck. The thyroid gland was partially
palpated at the jugular notch. The gland was
hard in consistency and fixed while swallowing.
Her TSH was 1.02 uIU/mL, fT4, 0.90 ng/dl; Ca,
9.6 mg/dl; and P, 4.3 mg/dl. The tracheal air
column was deviated to the right in the thoracic
inlet. Thyroid ultrasonography demonstrated
remnant thyroid tissue of 12.4 × 13 × 23 mm in
the right and 27.4 × 39 × 52,4 mm in the left
lobe. The left remnant tissue was showing
intrathoracic extension and almost entirely
solid with minute cystic areas and coarse calcifications. Computerized tomography (CT)
imaging of the neck and thorax defined a
hypodense, 37 × 27 mm mass lesion on the left
of the trachea with an irregular contour and
peripheral calcifications that significantly dis-
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Fig. 22.1 Axial slices CT shows intrathoracic recurrent goiter

22.2

Fig. 22.2 Cervical resection of recurrent goiter

places the trachea to the right (Fig. 22.1). Vocal
cords were mobile bilaterally indirect laryngoscopy. After preoperative evaluation for anesthesia, patient was reported as ASA 3 risk group,
and thyroid lobectomy was planned for compressive symptoms. A cervical procedure is
planned, but the operation room is prepared for
a partial sternotomy. A left complementary thyroid lobectomy was performed for the tightly
adherent remnant tissue through a cervical incision (Fig. 22.2).
Pathologic findings were a 6 × 5 × 4 cm thyroid
lobectomy specimen with a 4 × 4 × 2.9 cm irregular partially calcified and hemorrhagic nodule
occupying nearly all of the tissue with a diagnosis
of nodular hyperplasia and regressive alterations.

Case 2

A 64-year-old male patient was admitted to the
hospital for painless hematuria. His medical history revealed a myocardial infarction treated with
coronary artery stenting 20 years ago. He had a
huge grade 4 goiter and hypertension. Cardiologic
evaluation for the accompanying dyspnea and palpitation symptoms resulted with ECG findings
representing ischemia. Angiographic examination
demonstrated 100% and 80% stenosis in the circumflex and right coronary arteries, respectively.
Two stents were placed successfully, but the procedure lasted more than 2 h due to the critical localization of the stenosis. Radiological evaluation for
the intermittent hematuria continued after that, and
two irregular masses, 28 × 10 mm on the right inferior part and 20 × 12 mm on the left, reported as
suspicious for bladder carcinoma are defined at the
base of the urinary bladder with ultrasonography
(USG). Blood tests for the evaluation of the patient
for surgery were done. Thyroid hormone profile
was TSH, < 0.01 uIU/mL; fT4, 2.4 (0.54–1.24) ng/
dl; and fT3, 8.23 (2.00–3.90) pg/mL. Former medical records of the patient were euthyroid, so the
hyperthyroid state is diagnosed as Jod-Basedow
phenomenon. The thyroid gland was measured as
right lobe, 115 × 55 × 42 mm; left lobe,
178 × 62 × 42 mm; and isthmus, 15 mm with many
nodules up to 6 cm in diameter, but mediastinal
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Fig. 22.3 Axial slices CT shows intrathoracic goiter with posterior mediastinal extension and tracheal compression

extensions of the inferior poles could not be interpreted. Non-contrast neck and thorax CT imaging
demonstrated a retrosternal goiter extending below
the aortic arch to the level of tracheal bifurcation
especially on the left side, surrounding the trachea
and deviating it to the right. The trachea was constricted to 5 mm luminal width (Fig. 22.3). As
strict adherence to dual antiplatelet therapy with
aspirin and a thienopyridine is required for drugeluting coronary artery stents preferably for 1 year
but at least for 6 months, it was not suitable to
operate the patient immediately. After 6 months of
observation period, a thyroidectomy with a possible sternotomy simultaneously with transurethral
tumor resection is offered with bronchoscopyassisted tracheal intubation, but the patient refused
thyroidectomy, and after 5 days withdrawal of
anticoagulant therapy, he was operated for bladder
carcinoma with spinal anesthesia.

22.3

Discussion

22.3.1 Evaluation and Diagnosis
Intrathoracic goiter (ITG), although there are a
number of definitions as a gland reaching the

level of the aortic arch or a thyroid reaching the
level of T4 (on chest x-ray), is widely accepted as
the thyroid gland descending below the thoracic
inlet or more than 50% of the gland below this
point [1, 2]. The terms retrosternal, substernal, or
mediastinal goiter are also used to describe this
condition. Differences in the criteria of definition
cause a variety of incidence from 1% to 20% [3].
About 98% of the intrathoracic goiters are secondary, but there are also rare primary cases
which develop in the mediastinum embriologically. Primary mediastinal goiters result from the
embryological migration process that is particularly important regarding blood supply to the
gland. The variations in the vascular supply as
intrathoracic arteries should receive high attention to prevent blood loss and other c omplications
[4]. The majority of the ITG are extensions of
cervical thyroid gland through thoracic inlet
either on one side or both. The anterior superior
mediastinum is the most common site for ITG as
the anatomic structures such as the trachea, brachiocephalic veins, and superior vena cava limit
the growth to some extent. Posterior mediastinum is rarely occupied by the goiter, but preoperative evaluation is essential in planning of the
surgical procedure in such a case.

A. U. Emre

128

Intrathoracic goiters can cause symptoms
related to compression of surrounding structures.
Respiratory complaints such as dyspnea, coughing, and asthma-like syndrome are frequent and
followed by dysphagia, hyperthyroidism, dysphonia, and superior vena cava syndrome [5].
Case 1 represents such an asthma-like syndrome
with dyspnea that is treated with thyroidectomy.
Diagnostic workup of the patient begins with
physical examination of the neck. The inferior
border of the gland cannot be palpated when it
continues to the mediastinum. Thyroid function
tests should be done for hyper- or hypothyroidism beginning with serum TSH testing. The first
radiologic evaluation is the USG of the thyroid
gland and the neck. USG evaluation of the gland
gives information about the dimensions of the
gland, the presence of any thyroid nodules, the
texture of the nodules in terms of suspicious criteria about malignancy, and the nodules that
should be evaluated with FNAB. Unfortunately,
most of the intrathoracic goiter cannot be adequately visualized with USG. Tracheal deviation
and in some cases tracheal narrowing can be
visualized in chest radiograph. CT of the neck
and thorax is the preferred and effective way of
screening ITG. Patients with obstructive symptoms that are discordant with the cervical goiter
must be screened with a non-contrast CT. A contrast agent is only useful for demonstrating vascular supply of the gland especially for suspected
primary ITG, but a careful hormonal evaluation,
preparation, and observation for clinical or subclinical hyperthyroid patients or patients with a
huge mass of thyroid gland must be done to prevent exacerbation of hyperthyroidism as seen in
Case 2 that resulted with Jod-Basedow phenomenon. Preconditioning with methimazole can
help to manage this complication. In such
patients, magnetic resonance imaging is an alternative radiologic tool. These radiological workups give information about the extension of the
gland to mediastinum, particularly to the posterior mediastinum and below the aortic arch, and
the relation with the surrounding anatomical
structures including possible invasive tumors, the
extent of tracheal compression, and focal calcifications in the gland [6]. Obstructive symptoms

can be seen in patients with a tracheal diameter
below 8 mm as exertional dyspnea and when
below 5 mm as wheezing and stridor even at resting state as in Case 2 [7]. The compression symptoms include not only of the trachea but the
esophagus or vascular structures that can be diagnosed with a Pemberton’s maneuver due to
increased thoracic inlet pressure and rarely subclavian vein compression and thrombosis.

22.3.2 Management
Surgical removal of the thyroid is the preferred
and most effective treatment of ITG. Surgery
offers a rapid and permanent relief of symptoms.
A total or near-total thyroidectomy should be
performed by an experienced surgeon and surgical team in a high-volume center experienced in
endocrine surgery with sufficient facilities to prevent recurrence as long as recurrent laryngeal
nerves are secured and complications are avoided
[8]. Although suppression with exogenous thyroid hormone can achieve some regression in thyroid volume, it is generally insufficient and
temporary.
Patients with obstructive symptoms should be
managed with great attention and detailed planning. Compression of the trachea is also important throughout the induction of anesthesia,
intubation, and extubation procedures. Inability to
ventilate the patient is a serious problem, and the
airway should be secured carefully. Large volume
of the goiter and intrathoracic compression of trachea can be dangerous if the patient cannot be
ventilated after induction of anesthesia because
emergency tracheotomy will not be useful if the
compressed trachea is below this level. Fiberoptic bronchoscopy in a spontaneously breathing
patient and correct positioning of endotracheal
tube distal to the narrow part of trachea is advised
in such patients [9, 10]. Again fiber-optic evaluation of the trachea through the endotracheal tube
is effective during the extubation regarding the
probability of tracheomalacia. There are conflicting data about the incidence of tracheomalacia
from 0% to 10% in the literature, but in terms of
safety, it should be carefully evaluated during the
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surgery [11]. Extubation can be delayed, or immediate surgical interventions can be used in such
cases to prevent airway collapse.
Most of the secondary intrathoracic goiters
can safely be removed through a cervical incision
[12]. Delivering the thyroid through thoracic
inlet with careful finger dissection from the mediastinal structures and pulling the inferior pole out
and vessel control is generally effective. The
decision of the surgical procedure should be
planned before surgery. Intrathoracic goiters,
those are extending to the posterior mediastinum
and descending to the level of the aortic arch,
usually require an additional intervention such as
manubriotomy and partial or complete sternotomy in addition to the cervical incision and
necessitate a thorough preoperative radiologic
evaluation [6]. A detailed informed consent is
required for these patients as complications are
more frequently seen.
In most of the cases, when it is not possible to
remove the goiter through a cervical incision, a
manubriotomy or partial sternotomy is enough to
visualize the mediastinal structures and safely
remove the gland with effective control of the vessels [13]. An hourglass-shaped ITG with a narrow
thoracic inlet is best treated with such interventions. Primary ITG usually receives their blood
supply from mediastinal vasculature and advised
to be removed with thoracic approach to obtain a
good access to the glands and vascular supply.
Dense fibrotic adhesions in recurrent cases and
vascular invasions in malignant cases also require
thoracic surgery. Posterior mediastinal goiters and
mainly ectopic goiters are best resected with a lateral thoracotomy, but it should be kept on mind
that transthoracic procedures have significantly
higher rates of complications and a lengthened
hospital stay [14]. The decision for such cases
again should be made preoperatively.
The recurrent laryngeal nerve is at an
increased risk for intrathoracic goiters either
managed with cervical or thoracic approach
when compared with cervical goiters [15].
Neuromonitoring is a valuable tool for identification of recurrent laryngeal nerve and evaluation of paralysis in such cases. A continuous
vagal stimulation is preferred.
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22.4

Follow-Up and Outcome

Case 1: Immediately after the operation, dyspnea, dysphagia, coughing symptoms, and sleep
disturbances are improved. No bleeding, nerve
paralysis, or seroma is observed. Thyroid hormone replacement with levothyroxine is initiated
after the pathologic diagnosis of a benign condition aiming a serum TSH level around 2 uIU/mL.
Case 2: After the removal of bladder carcinoma,
the patient is receiving intraluminal chemo- and
immunotherapy. The symptoms of compressive
intrathoracic goiter will be followed. A CT scan
surveillance will be performed. A tracheal stenting
can be offered if tracheal compression increases
and patient still refuses thyroidectomy.

What Can We Learn from This Case?

• Intrathoracic goiters can be primary or
secondary. Primary goiters deserve a
high attention in terms of variations of
vascular supply.
• Compression of mediastinal structures
especially to the trachea is important. A
tracheal diameter below 8 mm results in
dyspnea, wheezing, and stridor.
• A thorough preoperative radiologic
evaluation is essential.
• Operative management of patients with
tracheal compression begins with the
planning of intubation and extubation of
the patient.
• Intrathoracic goiters extending to the
posterior mediastinum, below the aortic
arch or infracarinal level, recurrent
cases and malignant cases, may require
a sternotomy or thoracotomy for a safer
surgical removal.
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Persistent Hypothyroidism Despite
Levothyroxine Replacement
Therapy: Malabsorption or Patient
Noncompliance
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Dilek Yazıcı

Abstract

The most important reason for being unable to
achieve euthyroidism in the treatment of
hypothyroidism is noncompliance with treatment. The state of levothyroxine pseudomalabsorption is a factitious disorder where the
patients present with noncompliance with
l-thyroxine therapy. In order to diagnose levothyroxine pseudomalabsorption, an l-thyroxine absorption test may be performed. There
are different protocols for the test, where
1000–2000 mcg l-thyroxine is given to the
patient and blood is withdrawn at 2 h intervals,
until up to 24 h. If the free thyroid hormone
levels increase during the test, then this suggests that there is no malabsorption. The therapy of levothyroxine pseudomalabsorption
may be parenteral infusion at the beginning to
achieve an initial euthyroid state and giving
the medication orally once or twice a day under
medical supervision in the follow-up.

A 38-year-old female patient had been followed
up with the diagnosis of Graves’ disease for
6 years. She had symptoms of nervousness and
sweating. She had used propylthiouracil for
D. Yazıcı
Koç University Medical School, Section of
Endocrinology and Metabolism, Istanbul, Turkey

4 years and was then given radioactive iodine
therapy (RAI). Subsequently, the disease had
recurred, and she had undergone near-total thyroidectomy. Following thyroidectomy, she had
weakness and loss of her hair, thinning and dryness in her skin, and edema in her feet and hands.
She had gained 15 kg in 2 months. She had cold
intolerance, numbness in her hands and feet and
also numbness in the right part of her head, and
headache. She had been amenorrheic for the past
5 years. She consulted a primary care physician
with these symptoms, and the laboratory revealed
TSH > 100 mU/mL (high); sT3,0.402pg/mL
(low); and sT4,0.506 ng/dL (low). The patient
was started on 200 mcg l-thyroxine in the morning and 50 mcg l-thyroxine at night. The TSH
level 5 weeks later was still >100 mU/mL. The
dose of the medication was increased gradually,
but TSH did not decrease, and she still was symptomatic. The physician following her also tried
different l-thyroxine preparations. When she was
first consulted to our outpatient clinic, the dose
she was using was 350 mcg/d. Since her TSH was
still elevated with this dose, she was evaluated
further.
In her past medical history, there were epileptic seizures for two times, nephrolithiasis, and
gastrointestinal bleeding. She had been operated
for a temporal lobe arachnoid cyst. Her mother
had congestive heart failure, father diabetes mellitus and chronic renal failure, and sister colon
carcinoma.
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She had been smoking seven packs/year. The
medications she was taking other than l-thyroxine were diltiazem 60 mg/day, lansoprazole
30 mg/day, and alverine citrate + simethicone
three times a day. The physical examination
revealed bilateral exophthalmos, the thyroid
gland was nonpalpable, and there was a thyroidectomy scar. Deep tendon reflexes were slow on
relaxation. There was no pedal edema but a
2 × 3 cm lesion on the pretibial surface and a
4 × 5 cm lesion on the feet dorsum bilaterally.

23.1

Discussion

Inability to achieve euthyroidism is a common
problem in treating hypothyroid patients. The
proposed etiological mechanisms for this situation are problems in patient compliance; some
physiological (pregnancy, weight), nutritional, or
pharmacological conditions of increased or
decreased l-thyroxine need; and the presence of
malabsorption [1]. The recommended treatment
dosage of l-thyroxine is 1.6 mcg/kg body weight
a day [2]. Results with this dosage are adequate
and reproducible. If greater amounts of l-thyroxine are needed, this may suggest a problem, and
further evaluations can be made. Normally l-thyroxine absorption takes place primarily in the
jejunum and ileum. Approximately 80% of an
orally administered dose is absorbed [2]. l-Thyroxine serum levels peak nearly 2 h after administration of an oral dose [2–4]. However, it has
been demonstrated that the intestinal uptake of
LT4 is variable even among euthyroid subjects
[2, 3].
The most common cause of failure of l-thyroxine therapy seems to be noncompliance with
the medication [3, 5]. Pseudomalabsorption is the
term used for this situation, and it usually has a
psychiatric background. The term pseudomalabsorption of l-thyroxine was first introduced to the
literature by Ain et al. in 1991 [2]. They described
four patients who could not become euthyroid
despite ingesting up to eightfold the mean daily
dose of levothyroxine. All patients were found to
have normal l-thyroxine absorption when the
medication was administered through a nasogas-

tric tube or a double-labeled thyroxine tracer
technique was used. They decided that the
patients are noncompliant due to psychiatric
problems and named this condition as pseudomalabsorption of l-thyroxine [1].

23.1.1 Evaluation and Diagnosis
Malabsorption of l-thyroxine due to adjunctive
use of other medications (e.g., laxatives, antacids) and supplements (e.g., calcium, iron) and
interference by food should be identified first.
Later on malabsorptive conditions (e.g., celiac,
pancreatic insufficiency, jejunoileal bypass surgery, lactose intolerance, small intestine bacterial
overgrowth, severe hepatic cirrhosis, and congestive heart failure) should be excluded [6–10]. An
increased need for oral l-thyroxine has also been
identified in gastric disorders (Helicobacter
pylori infection, chronic gastritis, etc.), indicating a role for the stomach in subsequent intestinal
l-thyroxine absorption [11].
Drugs that may interfere with the absorption
of l-thyroxine are sucralfate, calcium carbonate,
ferrous sulfate, and cholestyramine [6–10]. There
is evidence that at least 1 h delay between l-thyroxine tablet ingestion and breakfast may give
the best therapeutic result [12]. Drugs like carbamazepine, phenytoin, and phenobarbital increase
the metabolism of levothyroxine, leading to
higher dose requirements [13].
In our patient, firstly, the dose of l-thyroxine
was raised to 600 mcg/day, and TSH did not
come down in the follow-up. Meanwhile, alverine citrate + simethicone, proton pump inhibitor,
and diltiazem were stopped. Then she had a
through laboratory work-up (Table 23.1), which
revealed that she did not have anemia, any deficiencies of vitamin B12 or iron. Her liver function tests and amylase were normal. Antigliadin
antibody was negative.
After absorption problems and drug interactions are eliminated, l-thyroxine absorption test is
performed to evaluate l-thyroxine pseudomalabsorption. The test is performed after an overnight
fast, and the patient is not allowed to ingest anything except fluids during the test. The test is

23

Persistent Hypothyroidism Despite Levothyroxine Replacement Therapy

Table 23.1 Laboratory values of the patient
FBG (mg/dL)
BUN (mg/dL)
Creatinine (mg/dL)
T protein (mg/dL)
Albumin (mg/dL)
AST (U/L)
ALT (U/L)
ALP (U/L)
GT (U/L)
Na (mEq/L)
K (mEq/L)
Calcium (mg/dL)
Phosphorus (mg/dL)
T cholesterol (mg/dL)
Triglycerides (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
Creatinine phosphokinase
(U/L)
WBC (103/uL)
PNL (%)
Hb (g/dL)
HCT (%)
MCV (FL)
PLT (103/uL)
Iron (μg/dL)
Total iron-binding capacity
(μg/dL)
Ferritin (ng/mL)
Folic acid (ng/mL)
Vitamin B12 (pg/mL)
Antigliadin IgG
TSH (mU/mL)
Free T4 (ng/dL)
Anti-TPO (μIU/mL)
Atg (μIU/mL)
FSH (mIU/mL)
LH (mIU/mL)
E2 (pg/mL)
Prolactin (ng/mL)

Value
82
11
0.78
7.7
4.16
13
11
64
12
141
4.46
8.7
4.10
183
144
47
107
630

Normals
<100
3–20
0.4–1.1
6.3–7.9
3.5–5.0
8–43
7–45
37–98
6–29
135–145
3.6–5.2
8.9–10.2
2.5–4.5
<200
<150
>45
<100
38–176

4600
49.5
11.3
33
90.3
226,000

3500–10,500

72
377
74.13
8.03
567.8
<20EU/
mL
>100
0.08
124.8
431
4.29
3.38
45.6
26.3

12.0–15.5
34.9–44.5
80–100
150,000–
450,000
35–145
250–400
11–307
>4
180–914

0.5–4.0
0.9–1.7
<35
<20
2.5–10.2
1.9–12.5
39–375
3–30

p erformed in the fasting state because l-thyroxine
absorption is greater while fasting [14]. Blood
samples are obtained at the baseline and 2, 4, and
6 h following the ingestion of l-thyroxine orally.
Proper ingestion and possible surreptitious regurgitation should be checked by the attending physician or the nurse during the test [2, 15]. Multiple
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protocols for clinical l-thyroxine absorption test
have been published. These involve oral administration of 1000–2000 mcg of l-thyroxine, and the
duration of the test can vary from 4 to 24 h [2, 3].
A rapid (2 h long) test was suggested by a group of
authors. This group also informed the patients
3 weeks prior to the test, so the patients had already
started to ingest the medication properly before the
test, and therefore all three patients started the test
with high free T3 and free T4 levels, which
increased even further during the test [16]. They
commented that the plan of an l-thyroxine absorption test had motivated the patients already. If the
free T4 levels increase throughout the test, then
this excludes the presence of malabsorption. Some
authors suggest performing the test even before
doing all kinds of troublesome investigations for
malabsorption [14].
Lastly thinking of l-thyroxine pseudomalabsorption, our patient was hospitalized to perform
the l-thyroxine loading test. During the test,
2000 mcg of l-thyroxine was given to the patient
in the fasting state. Free T3 and TSH levels were
determined every 2 h for 6 h. An increase in free
T3 and decrease in TSH were observed
(Fig. 23.1). This suggested l-thyroxine pseudomalabsorption since the patient was able to
absorb the medication orally.
Dermatology consultation for the lesions on
the pretibial region and the dorsum of the feet
suggested lichen chronicus simplex. This lesion
resulted from scratching the skin continuously
and was suggested to have psychogenic etiology.

23.1.2 Management
There are different approaches to the treatment
of l-thyroxine pseudomalabsorption. Since this
is a psychiatric problem, originally the underlying psychiatric condition should be solved. The
psychiatric problems are usually due to a depressive state, which is a common manifestation of
hypothyroidism; however, some patients may
present with some other psychotic problems [2,
13, 15]. The usual approach is giving the patient
parenteral infusion initially to ensure euthyroidism. The problem with parenteral infusion is
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Fig. 23.1 Diagram showing increase in free T3 and decrease in TSH during l-thyroxine loading test

that it is not available in some countries and can
only be applied for short periods. Following
this, oral therapy can be continued in different
ways. Thus, one of the groups used the method
of giving the patient oral l-thyroxine under
medical supervision within the hospital. The
authors claim that by this way the patient was
not confronted with the problem, and the physicians did not show their judgment to the patient,
and the patient continued to be the “patient” that
she desires to be all the time [17]. Patients tend
to drop out when they are told of their noncom-

pliance by physicians. Confronting the patient
with the possibility of noncompliance may
affect the patient negatively and worsen the situation. The patients should be handled with very
much care.

23.2

Follow-Up and Outcome

Our patient was externalized with a dose of
1600 mcg/day l-thyroxine. In the follow-up, her
TSH level went down to 0.3 mU/mL. She
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c ontinued with the same dose, and the TSH went
up to 38 mU/mL and later 100 mU/mL in a few
months’ time, despite her claiming to take the
medication.
She was living in another city, so we could not
offer her to come a few days a week to take the
medication. Besides, intravenous form of the
medication is not available in our country.
Inability to achieve euthyroidism is a common problem in hypothyroidism. Malabsorption
is a common problem, and for that different formulations have been designed, such as soft gel
formulation [18]. For pseudomalabsorption, literature search shows that giving the medication
weekly or twice weekly under medical supervision is helpful. One group tried to use the l-thyroxine absorption test as a therapeutic means,
and they informed the patients 3 weeks prior to
the test. It turned out that the patients were more
keen on using the medication and the free hormone levels went up at the beginning of the test.
The demonstration of continued interest in the
patients’ “disease states” seems to be of help for
the patients’ psychology.

What Can We Learn from This Case?

• The most important reason for not being
able to achieve euthyroidism is noncompliance with treatment.
• When this has a psychological background, this state is called l-thyroxine
pseudomalabsorption.
• The way to diagnose levothyroxine
pseudomalabsorption is to perform an
l-thyroxine absorption test, where
1000–2000 mcg l-thyroxine is given to
the patient and blood is withdrawn at 2 h
intervals, until up to 24 h, in different
protocols.
• The therapy of levothyroxine pseudomalabsorption may be parenteral infusion at the beginning to achieve the
euthyroid state and afterward giving the
medication orally once or twice a week,
preferentially at the hospital, under
supervision.
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Malpractise and Ethical Violations
in Thyroid Surgery
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Tamer Akça and Nursel Gamsız Bilgin

Abstract

In this article we aimed to give information
about the legal process, to reveal the troubles
encountered, to inform the physicians, and to
attract attention when an unexpected condition occurs in the thyroid surgery and is
referred to the judiciary. For this purpose,
based on the cases referred and finalized in the
Turkish jurisdiction, short information on the
subject of ethical, medical, and legal responsibilities, informed consent, discrimination of
complication from malpractice, the concept of
expertise and expertise institutions, and criminal and compensation cases of the physicians
is provided.

24.1

Case 1: Complication

24.1.1 Case Presentation [1]
A patient was diagnosed with papillary carcinoma
of the thyroid, based on fine needle aspiration
T. Akça (*)
Division of Breast and Endocrin Surgery,
University of Mersin, Mersin, Turkey
Department of Medical History and Ethics,
Mersin University, Mersin, Turkey
N. Gamsız Bilgin
Division of Forensic Medicine, University of Mersin,
Mersin, Turkey

cytology (FNAC) of a nodule located within the
right lobe of the gland. The patient was scheduled
for total thyroidectomy. The patient provided an
informed consent for thyroid surgery and anesthesia procedures and underwent an operation on the
same day. The surgical report stated that hematoma was present in relation to the FNAC site,
predominantly in the right lobe; the right recurrent laryngeal nerve was identified and preserved
after a difficult dissection; parathyroid glands
were identified and preserved, and a mini-drain
was inserted. In the postoperative period, the
patient suffered from hoarseness and shortness of
breath and was diagnosed with vocal cord and
laryngeal paralysis. Follow-up examinations were
recommended, but the complaints significantly
worsened within a year, for which the patient
received voice therapy. Vocal cord paralysis persisted 18 months after the initial surgery, and it
was stated that medialization laryngoplasty could
be considered if there was no improvement in the
voice quality.

24.1.2 Discussion
Although there are many definitions of medical
interventions in legal parlance, they generally
refer to procedures performed by licensed professionals in compliance with medical principles
and techniques, with the aim of protecting the
physical and/or mental integrity of the patient
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regarding the diagnosis, treatment, and prevention with the informed consent of the patient. In a
precedent decree by the 4th Civil Chamber of
Supreme Court, the legal terms for medical interventions were identified as follows:
1. The physician has to be authorized by law to
practice medicine.
2. The patient has to provide an informed consent for the procedure.
3. The medical act has to be conducted within
objective and subjective boundaries of medical
science (4th Civil Chamber of Supreme Court
E.1976/6297, K.1977/2541, T. 7.3.1977) [2, 3].
For medical interventions to have legal
grounds, the physician has contractual obligations. These include diagnosis and treatment, provision of related information, loyalty and care,
recording of clinical information, and confidentiality. Contract breaches, negligence, malpractice,
and causal relation are infractions to hold the physician responsible for criminal liability [2–6].
Complications can be defined as adverse outcomes beyond acceptable risks without any case
of negligence. In terms of practice of health legislation, it is important to differentiate between
malpractice and complication. In medical practice, treatment of severe cases may require making quick decisions and taking risks. This
particular case of medical practice may also
result in controversies regarding the legal
approach. Medical interventions are performed
in patients with different characteristics and findings, and the outcomes may not be similar in
every case. Therefore, medical interventions are
performed on the basis of data derived from generalizations and scientific studies instead of individual-specific outcomes. A physician cannot be
held liable for certain outcomes associated with
the treatment, provided that medical interventions are performed in compliance with the risks
and deviations considered normal in medical
practice. If inevitability or unpredictability is
present in terms of outcomes, the case is considered a complication and not negligence. For a
physician to avoid legal responsibility, he/she
should inform the patients of the complications,
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have their informed consent, and fulfill the conditions of a medical intervention [2, 4, 7–9].
If an unwanted outcome is unpredicted or if
no precautions are taken by the average physician in terms of prediction and prevention of
anticipated risks or mitigation of unwanted outcomes, then the outcome cannot be considered
as a complication even without the physician’s
will. In this case, the conduct of the physician is
considered negligence, and the physician is held
liable. Predictable and preventable unwanted
outcomes are considered a case of medical malpractice [8, 10, 11].
Predictability is defined as foreseeing the
unwanted outcomes that may arise from medical
interventions beforehand, and it is determined
according to the subjective criteria established
by the physician conducting the medical intervention. According to Turkish Criminal Law
decree number 5237, “In negligent offenses, the
offender should be in a condition to predict and
act in compliance with objective duty of care
depending on his/her own skills, has the ability
of perception, knowledge, and circumstances”
[2, 5, 8, 10, 11].
The decision by the General Assembly of the
Supreme Court for Criminal Matters dated
November 05, 2014, stated there is no negligence
“when the characteristics of the offender (age,
experience, occupation, etc.) should be taken into
consideration to determine whether the outcome
is predictable by the offender.” In case prediction
is not possible, accident and coincidence must be
considered rather than negligence (YCGK
11.05.2005 T, 2004/2-97E, 2004/115K) [2].

24.1.3 Follow-Up and Outcome
A lawsuit was filed upon the defendant’s complaint. Information, documents, and findings in
the case file were reviewed by the Supreme
Council of Health. After the trial, tests performed
before surgery and the decision to operate were
judged to be justifiable.
It was concluded that the patient’s problems
after surgery were a case of complication,
practice of the respondent physician was in
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accordance with medical principles, the case
was not of medical negligence, and the physician could not be held liable.

What Can We Learn from This Case?

• Predictable but unavoidable conditions are
considered to be complications, whereas
predictable and avoidable conditions are
considered medical interventions.
• Predictability is foreseeing the unwanted
outcomes that may arise in advance.
• The condition is considered a complication if an average physician has taken
measures to predict and prevent anticipated risks or to mitigate/eliminate the
unwanted outcomes.
• The physician cannot be held liable for
outcomes arising from complication.

24.2

 ase 2: Malpractice, Liability
C
of Private Hospitals [12]

24.2.1 Case Presentation
A lawsuit has been filed against the doctors and
hospital by the spouse of a patient who died
after goiter surgery at a private hospital. In the
case file, the operating surgeon was accused of
gross negligence for not informing the patient
regarding treatment options and choosing a hospital with insufficient equipment for the surgery.
It was alleged that responsible manager and
owner of the hospital was liable in allowing
such surgical intervention in a facility that did
not conform to the requirements of a hospital
and did not possess the necessary equipment. It
was also claimed that no doctor on call was
present to intervene any unwanted outcomes
that might arise after surgery.

24.2.2 Discussion
Criminal law states that there is no crime if
there is no negligence. Wrongful intention is
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the highest degree of fault. The Turkish Penal
Code article 21 states that the existence of a
criminal offense depends upon the presence of
intent. Intent is defined as “knowingly and willingly conducting the elements in the legal definition of an offense.” In Turkish Penal Code
article 22/2, negligence is defined as “conducting an act without foreseeing the results as
stated in the legal definition of the offense,
because of failure to discharge duty of care and
attention” [4–6].
The Turkish Medical Association Ethical
Principles of Healthcare item 13 defines medical intervention as “harm to the patient as a
result of lack of knowledge, inexperience, or
inattention.” In the announcement titled
“Medical Malpractice” published at the 44th
General Assembly of the World Medical
Association in 1992, medical malpractice was
defined as “the physician’s failure to conform to
the standard of care for the treatment of patient’s
condition, or lack of a skill, or negligence in
providing care” [2, 5, 6].
Medical malpractice may be caused by reasons such as failure to diagnose, failure to perform the required tests or leave them incomplete,
failure to intervene, administering wrong treatment techniques, retaining foreign objects, not
having control and surveillance, confusing
patients, operating on the wrong body part, failure to notice complications, incorrect surgical
technique, failure to conform to infection and
hygiene principles, insufficiency in the use of
technical instruments, and failure to refer or consult a specialist, or a delayed consultation [5, 6, 8,
10, 11, 13–15].
In 2016, Karakaya et al. published an article
titled “Evaluation of expert reports provided by
the Institution of Forensic Medicine for recurrent laryngeal nerve paralysis during thyroidectomy” in Turkish Journal of Surgery [16].
Thirty-eight files evaluated by the Third
Specialization Board of the Institution of
Forensic Medicine were retrospectively reviewed
with respect to age, gender, diagnosis, vocal cord
compression before surgery, identification of
nerves during surgery, use of intraoperative
nerve monitoring, 
recognition of the injury
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during surgery and attempts at rehabilitation,
and type of nerve injury. Nineteen bilateral and
19 unilateral nerve injuries were identified, and
all cases of bilateral injury were considered malpractice cases by the Institution of Forensic
Medicine. Cases where there was not a situation
complicating the identification of the nerve in
terms of imaging methods and pathology reports
were considered to be malpractice. It was concluded that if the physician ensures preservation
of the nerve in one side after meticulous nerve
dissection before proceeding to the other lobe,
malpractice lawsuits could be avoided.

24.2.3 Follow-Up and Outcome
The physician, who is also the responsible manager of the hospital, and the operating surgeon
were convicted of causing the death of the
patient and sentenced to imprisonment and
punitive fine.
The Ministry of Health was also condemned
to pay compensation because of “failure to audit.”
The cases where imaging methods and pathology reports cannot demonstrate the presence of a
condition complicating the identification of the
nerve are considered to be malpractice by the
Institution of Forensic Medicine.

What Can We Learn from This Case?

• Injuries caused by physician’s failure to
perform medical standards during treatment and injuries caused by lack of
skills and failure to provide treatment
are considered as malpractice.
• Failure of the surgeon to inform the
patient of treatment methods is considered as malpractice.
• Injuries caused by the insufficiency of
personnel, medical equipment, etc.,
both in public or private hospitals, are
considered as malpractice.
• Turkish Penal Code judges the malpractice cases based on the articles on
wrongful intent and negligence.

24.3

 ase 3: Assignment of New
C
Experts [1]

24.3.1 Case Presentation
A patient underwent goiter surgery by the defendant general surgeon for multinodular goiter.
The patient started oral intake during the postoperative hospitalization period; however, because
of postoperative vomiting from the tube inserted,
the defendant physician referred the patient to
the university hospital. Surgical intervention in
the university hospital revealed that both the trachea and esophagus were dissected during initial
surgery.
Defendant physician asserted that the intubation process was difficult because of the anatomic
features of the patient and the intubation was successful only after the third attempt and that
esophageal perforation developed as a complication of multiple attempts at intubation. The
defendant physician further claimed that tracheal
perforation did not occur during or after surgery
and there was no evidence of tracheal perforation
during surgery.
The report issued by the Institution of Forensic
Medicine concluded: “It is evident from the medical documents of the patient and various statements that the intubation of the patient was
complicated, that esophageal intubation and
associated esophageal perforation could occur in
cases of difficult intubation and tracheal perforation might develop as a result of surgery.” It was
claimed that esophageal and tracheal perforations
should be considered as complications. It was
also stated that all necessary measures were taken
after the initiation of oral intake in the first day
after surgery because of suspicion of esophageal
perforation and that the patient was referred to an
advanced healthcare facility. The institution came
to the conclusion that “the complications caused
by the incidence were not mild to be eliminated
by simple medical treatment, and diagnosis of the
physician and complications that arose as a result
of the surgery were in accordance with medical
principles.”
On the other hand, it was also noted that the
report of the Institution of Forensic Medicine was
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not binding but that it should be considered as an
evidence to be considered together with other
evidence. Upon the assessment of patient’s
claims, defense of the doctor, and all medical
information and documents, it was ruled that an
expert opinion from specialist doctors in the university must be obtained to detect the causes of
the two injuries above suspicion.

24.3.2 Discussion
Expert opinion. The legal doctrine requires consulting a specialist or an expert opinion in cases
beyond legal knowledge and experience where
special and technical knowledge is the absolute
source required for the revelation of truth and
conclusion of a lawsuit. The regulations on
expertise are mentioned in respective articles of
the Code of Criminal Procedure, which states
that “where a special or technical knowledge for
the solution of some cases is required, it may be
decided to obtain the vote of an expert….”
The decision to appoint an expert is left to the
court. The Institution of Forensic Medicine
(IFM), Supreme Council of Health (SCH), universities, and medical chambers are authorized
institutions of expertise in Turkish Republic.
IFM was founded in 1982 in affiliation with
the Ministry of Justice. It houses specialization
boards (SB) and specialization departments.
Along with providing routine forensic medicine
services in forensic cases, it provides scientific
and technical opinions on subjects upon the
demands of judges and prosecutors, and it also
conducts studies on forensic medicine and forensic sciences and provides training programs.
SCH functions as an official panel of experts
in malpractice offenses in accordance with the
decree number 1219. It was founded within the
body of the Ministry to present expert opinion
to courts on forensic cases in reference to practice of healthcare professionals and to compile
a list of experts to be assigned for administrative investigations and the commissions of conciliation. The decisions rendered by the
Supreme Council of Health are not binding for
criminal courts.

141

According to the Code of Criminal Procedure,
the Department of Forensic Medicine and other
related branches in universities are considered as
official experts for the resolution of forensic
cases and other forensic issues in accordance
with Institution of Forensic Medicine decree
number 2659 article 31.
Furthermore, a patient who is harmed or
claims to be harmed by malpractice or the
patient’s relative or a legal representative has the
right to file a petition to the medical chambers.
The executive board and discipline committee of
the medical chambers are in charge of such
matters.
Experts and panel of experts are obliged to be
unprejudiced and professionally competent. The
Code of Civil Procedure takes precautions against
prejudices by having the experts to take an oath:
“I will perform my duty of expertise impartially
and objectively with loyalty and care in accordance with science” [5, 11, 15–18].
In a study conducted by Erkol et al. that retrospectively reviewed expert reports issued by
the Third SB of the Institution of Forensic
Medicine on unwanted outcomes associated
with thyroid surgery between 2006 and 2009, 28
cases were identified, and 10 of them were
hypoparathyroidism, 7 were unilateral vocal
cord paralysis, 5 were bilateral vocal cord paralysis, 3 were hematoma, and 1 was hematoma
plus bilateral vocal cord paralysis plus esophageal injury. In all of the cases, informed consents of the patients were obtained. Three cases
were detected to be death from hematoma plus
respiratory difficulty. When the expert reports
were reviewed, analyses (thyroid function tests,
thyroid ultrasonography, thyroid scintigraphy,
FNAC), outcomes, and histopathological diagnoses following the surgery were evaluated to
investigate whether indications to perform surgery were accurate, and expert decision ruled
that six cases were of malpractice [17].

24.3.3 Follow-Up and Outcome
Although judicial decision is final in lawsuits of
medical issues, expert reports based on scientific
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and evidence-based investigations are of prime
importance in court decision. Since differentiation between complications and malpractice is
only possible through a complete expert investigation, accurate and objective expertise by physicians specialized in their fields make a significant
contribution to the administration of justice.
According to the law of the Turkish Republic,
reports issued by the Institution of Forensic
Medicine are not considered to be binding;
rather they are taken as an evidence to be
investigated.
At this case, it was ruled that a panel of experts
composed of specialist physicians in the university were to issue an expert report to determine if
there is any case of negligence or malpractice,
and if the case involves negligence, the causal
relation should be established.

What Can We Learn from This Case?

• Appealing to expert opinion is required
in conditions where resolution of the
case necessitates special or technical
knowledge.
• Appealing to expert opinion in medical
issues is an obligation according to the
law and judicial decisions.
• Differentiation between complications
and malpractice is only possible through
a thorough expert investigation.
• The Third SB of the Institution of
Forensic Medicine, Supreme Council of
Health, Departments of Forensic
Medicine and General Surgery in the
universities, and medical chambers are
authorized bodies of expertise in Turkey.

24.4

 ase 4: Missing Informed
C
Consent

24.4.1 Case Presentation [13]
A patient who underwent goiter surgery filed
a lawsuit against the physician and claimed
material and moral indemnities because of per-

manent vocal damage after surgery for which
the patient’s consent was taken with a simple
consent form. As a result of expert investigation, physician was not found negligent for the
damage, and the outcome was considered a
complication.
Nevertheless, forensic medicine specialist
investigating the case found the physician negligent for providing the patient with insufficient
information regarding the surgery, even though
the physician might not be regarded negligent in
terms of medical intervention.

24.4.2 Discussion
Informed consent, which is one of the code of
conducts of good medical practice, represents
patients’ acceptance or rejection of medical or
surgical intervention with his/her free will and
without enforcement [19]. Informed consent,
defined in the documents of universal medical
ethics, is protected by the Constitution of the
Republic of Turkey (article 17), Turkish Penal
Code (articles 86 and 89), Turkish Civil Code
(articles 23 and 24), Turkish Code of Obligations
(articles 41, 45–47), and various articles of the
regulations on Patient Rights of the Ministry of
Health as well as international legal documents
such as Universal Declaration of Human Rights
and European Convention on Human Rights.
Through this right, the individual has the authority to make decisions regarding his/her own body
[4, 5, 13].
Informed consent is a process of communication based on trust between the physician and the
patient in terms of its dynamics and principles
rather than a spontaneous occurrence [9, 20]. As
one of the four basic principles of biomedical
ethics, this right arises with respect to “autonomy,” and it primarily requires that the patient
should have the capacity to comprehend the given
information. For the patient to make a completely
autonomous decision, he/she must be informed
of all treatment methods with pros and cons with
a plain language, and the patient must be provided with sufficient time to think. Furthermore,
mental capacities of the patient should also be
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adequate to reason, process, and make decisions.
The fulfillment of these principles is under direct
and/or indirect responsibility of the physician
[21]. In this regard, there is a misconception in
Turkey that general consent form signed by the
patient upon admission to the hospital would be
sufficient. However, open consent requires that
the patient is informed of “each and every medical intervention.”
Main prerequisites of informed consent
include disclosure of information to the patient,
ability of the patient to understand the information provided, voluntariness, ability of the patient
to provide consent, and supervision of the
patient’s competency by the information provider
and giving authorization. Information that should
be disclosed to the patient include health status
and diagnosis of the patient, type of recommended treatment, likelihood of treatment success and its duration, potential risks of the
treatment to the patient’s health, use of prescribed
medications and possible side effects, possible
outcomes in case the patient refuses the proposed
treatment, and alternative treatment options and
their risks [9].
Any consent obtained before fulfillment of
physician’s responsibility to disclose and subsequent medical intervention would be considered
as a violation of the patient’s rights to self-determination for which the physician is held liable.
There are other decisions by the Supreme Court
and Council of State in which physicians were
convicted to indemnity because of their failure to
fulfill their responsibility to provide information.
Such decisions even date back to 1977 [3–6, 13].
Negligence. According to Turkish Code of
Obligations, an agency contract exists between
patient and physician. Articles 386–390 of the
Turkish Code of Obligations establish that the
agent is responsible for his/her inadequate efforts
to reach the intended result. The objective responsibility of the physician to fulfill the duty of care
involves standard precautions and attention
applicable to the health conditions of the country.
The duty of loyalty and care obliges the physician to protect the well-being of the patient and
avoid practices that might be hazardous to the
patient. It also implies that the physician should
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possess and practice the generally acclaimed and
standardized principles and take all necessary
precautions. In other words, it requires the physician to hold the patient’s interest over his/her own
interests [3–7, 9, 13].

24.4.3 Follow-Up and Outcome
The physician was found not to be negligent
although the lawsuit was filed against physician’s
negligence; however, the violation of disclosure
by the physician became a matter of dispute,
printed informed consent form was not regarded
as sufficient, and it was ruled that the burden of
proof of disclosure was the physician’s responsibility and that informed consent form did not
necessarily imply disclosure.
Supreme Court ruled that “The physician as
an agent is responsible for all acts of negligence
even if minor based on the civil liability of the
physician, and burden of accuracy. The physician is obliged to fulfill all professional provisions to avoid any hazard to the patient, promptly
ascertain the medical condition of the patient,
take complete precautions necessitated by the
case and administer the adequate treatment
methods.”
During the course of the trial, the physician
claimed to obtain the written informed consent
from the patient and verbally informed the
patient regarding the surgery; the court deemed
the defense invalid and claimed that disclosure
principle was not fulfilled because of the
absence of written consent. The 13th Civil
Chamber of the Supreme Court affirmed the
indemnity verdict given by the district court
because of failure to fulfill the principles of
disclosure.
The court decision indicated the failure to provide sufficient information regarding the potential complications during and after surgery.
The patient’s lawyer claimed compensation
through the guidance of the medical examiner,
and the court sentenced the physician to pay
compensation for his failure to fulfill his responsibility to disclosure.
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What Can We Learn from This Case?

• It is the physician’s primary responsibility to provide information to the patient
regarding the disease and appropriate
treatment options.
• Disclosure is a different notion from
providing information. A didactic interview with the patient using technical
terms will only provide superficial
information to the patient.
• Ensuring that the patient understands
the provided information and mentally
participates in the process and obtaining
written document only thereafter will
support patient-physician relationship
and protect the physician against legal
issues.

24.5

 ase 5: Statute
C
of Limitations [22]

24.5.1 Case Presentation
The patient suffering from vocal cord paralysis
2 years after goiter surgery sued the physician for
delaying necessary treatment after surgery,
claiming that no information was provided
regarding the consequences, that multiple interventions were made to the surgical site, and that
finally he/she had to have a microphone inserted
because of vocal cord paralysis. The patient
claimed material and moral indemnities from the
surgeon.
The defendants filed a motion to dismiss
claiming the physician was not negligent and the
statute of limitation was expired. The court dismissed the case on the grounds that statute of
limitation expired; and the plaintiffs appealed the
decision.
The lawsuit was refiled for compensation
against negligence by the hospital and the physician during the surgery and treatment process,
and the accusation was based on the failure to

fulfill duty of care arising from agency
contract.
The court ruled the verdict with the following justification: “The plaintiff patient underwent emergency surgery at a training and
research hospital 18 months after goiter surgery and was discharged after tracheostomy.”
The patient discovered 18 months after initial
surgery that he/she suffered hazard. Therefore,
the plaintiff was entitled to file a lawsuit at the
time of discovery of the hazard, and the statute
of limitation began before the time of discovering the hazard, and that discovery of the hazard
was sufficient for the statute of limitation to
begin.

24.5.2 Discussion
Claims for damage are filed for the compensation of hazards arising from the injury by the
person liable for the loss. In case of voluntary
malpractice or negligence resulting in harm to
the patient, the physician liable for the injury is
obliged to pay compensations. The following
conditions must be met before filing claim for
hazards: a wrongful act should be committed,
medical interventions must result in an injury,
and the injury must be related to negligence [1,
5, 6, 13]. If there is no harm, claim for hazards is
invalid.
According to Turkish Code of Obligations
number 6098 article 72, statute of limitation in
claims for compensations expires after 2 years
the plaintiff ascertains the hazard and 10 years
after the date the liable party performs the deed
that causes the hazard. The expiration of the statute begins upon recognition of the deed which is
against the contract. However, expiration of the
statute begins at the time of actual injury if there
are any visible and detectable injuries such as
falling into a vegetative state and loss of limbs/
organs [2, 5, 6].
The insurance coverage protecting the
professionals against claims for injuries caused by
medical interventions occurring during provision
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of medical services is called professional liability
insurance. In 2004, the Prime Ministry
Undersecretariat of Treasury General Directorate
of Insurance authorized to regulate general
requirements of the policyholders in Turkey
established professional liability insurance.
Expert Committee also covers physicians. The
committee outlined the general requirements,
published in the Official Gazette Number 26110 in
January 16, 2006. Medical Professionals Liability
Insurance became valid in September 21, 2006.
From 2006 onward, physicians started being
insured by the insurance companies through policies designed according to various risk levels.
Depending on the insurance coverage, the risk is
considered actual simultaneously as the policyholder discovers the claim for compensation or as
the damaged party directly appeals to the insurance company [2, 5, 6, 18].

24.5.3 Follow-Up and Outcome
The patient sued the physician for delaying necessary treatment after surgery, claiming that no
information was provided regarding the consequences, multiple interventions were made to the
surgical site, and finally he/she had to have a
microphone inserted because of vocal cord
paralysis.
The patient filed a lawsuit and claimed material and moral indemnities because of negligence
of the hospital and the physician during surgery
and treatment.
The accusation was based on the failure to fulfill duty of care arising from the agency contract.
In this concrete incidence, the statute of limitations began to expire after the discovery of the
problem by the patient, which is 18 months after
surgery. The relation between the two parties is
based on the agency contract. Claims related to
the agency contract are subject to 5-year statute
of limitations. It was ruled that dismissal of
charges because of statute of limitations is nonprocedural and against the law and requires
dismissal.
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What Can We Learn from This Case?

• A physician can be held liable by private
law for negligence while practicing
medicine.
• Medical interventions and lawsuits are
filed for the compensation of hazards
arising from the injury by the person
liable for the loss.
• The physician liable for the injury is
obliged to pay compensations in case
the patient is injured by voluntary malpractice or negligence.
• The statute of limitation begins to expire
when the patient discovered the
problem.
• If there is no harm, claim for hazards is
invalid. The insurance coverage protecting the professionals against claims for
injuries caused by medical interventions
occurring during provision of medical
services is called professional liability
insurance.
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Abstract

In general ultrasound (USG) serves as the
first-line imaging modality for diseases of the
thyroid and parathyroid gland. Currently, in
the hands of a surgeon, USG not only provides
invaluable data about nodular thyroid disease
and parathyroid adenomas but plays a crucial
role in the preoperative and intraoperative setting to design minimal-sized incisions for the
best cosmetic effect and to guide invasive procedures with higher diagnostic accuracy.
Moreover, routine use of USG after positioning results in designing the most appropriate
incision for focused parathyroidectomy. The
confirmatory USG scanning of the neck region
by the surgeon after removal of the predicted
lesion is of paramount importance acting as an
insurance policy for the surgeon. Beyond the
initial diagnosis, in recurrent malignant cases,
the surgeon-performed intraoperative USG is
a safe way to detect and visualize nonpalpable, subcentimeter lymph nodes in an adequate
fashion which is otherwise a great dilemma
for the surgeon. As for the issue of recurrence
in a previously dissected compartment, surgeon-performed intraoperative USG directed
focused dissection is one of the best approaches
warranted. The most critical point to be

G. K. Çakmak
Division of Breast and Endocrin Surgery, Bülent
Ecevit Üniversity, Zonguldak, Turkey

emphasized is that surgeon-performed thyroid, and parathyroid USG requires training,
validation, experience, and establishment of
competency.

25.1

Case Presentations

Case 1
A 50-year-old female with a history of thyroidectomy 27 years ago was referred to the endocrine
department for the evaluation of hypercalcemia
of unclear etiology. Her medical history revealed
weakness, joint pain, vague abdominal pain, easy
fatigability, and depression and was notable for
recurrent nephrolithiasis since the age of 25.
Physical examination was proven to be unremarkable, and she was not under any medication.
A complete laboratory scan was performed,
which demonstrated increased albumin-adjusted
serum calcium level (11.3 mg/dl) with elevated
parathormone (PTH) (137.7 pg/mL) indicating
the diagnosis of primary hyperparathyroidism
(PHPT). The rest of her biochemistry results
were insignificant. Her neck ultrasound (USG)
revealed a normal-sized thyroid gland and a
4.2 × 10.1 × 12 mm hypoechoic mass located on
the right lower side of her cervical region suspicious for a parathyroid adenoma (Fig. 25.1).
Further examination with 99m Tc-MIBI parathyroid scintigraphy depicted nothing significant.
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a

b

Fig. 25.1 Longitudinal sonographic view of parathyroid adenoma (a), transverse sonographic view of parathyroid
adenoma (b). PA parathyroid adenoma, Thy thyroid gland, CA carotid artery

a

b

Fig. 25.2 Surgeon-performed pre-incision ultrasound after positioning (a), marking best position for a minimally
invasive parathyroidectomy incision (b)

Preoperatively, the surgeon-performed ultrasound-guided fine needle aspiration (FNA) washout was performed, and elevated PTH level
(>3384.4 mg/dl) confirmed the diagnosis. She
was discussed in endocrine board and scheduled
for focused parathyroidectomy without intraoperative PTH (IOPTH) monitoring which was
unavailable. In theater, after positioning, a surgeon-performed pre-incision USG to locate the
best position for a minimally invasive parathyroidectomy incision was performed (Fig. 25.2).
The parathyroid adenoma was successfully
removed, and intraoperative sonography of the
area confirmed excision. Following surgery, PTH
was normalized (39.4 pg/ml), hypocalcemia
developed (7.8 mg/dl), and treatment with calcium and calcitriol was started to stabilize normocalcemia. The pathologic diagnosis was
reported to be parathyroid adenoma. The follow-

up period was uneventful without recurrence
within 2 years.
Case 2
A 55-year-old female with a history of thyroidectomy 20 years ago presented to her primary care
physician with progressive neck swelling and
referred to our clinic for evaluation. She suffered
no associated symptoms such as voice changes,
hoarseness, and systemic-type symptoms. The
patient was without any history of radiation
exposure or family history of thyroid cancer. At
physical examination, thyroid was enlarged, with
an irregular surface and multiple discrete nodules
in the right and left lobes with the greatest dimension of 1 cm. No cervical lymphadenopathy was
clinically noted. The remaining of the physical
examination was unremarkable. An ultrasound of
the neck revealed bilateral residual thyroid gland
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Fig. 25.3 A hypoechoic nodule with irregular lobulated
margins located in the lower right lobe. CA carotid artery,
Thy thyroid gland, N nodule, TR trachea

Fig. 25.5 Surgeon-performed USG of the neck after
positioning to mark suspicious nodules to design the most
appropriate incision according to real-time sonographic
data of the diseased gland and peripheral anatomic
landmarks

Fig. 25.4 A hypoechoic heterogeneous nodule with lobulated margins and central microcalcifications together
with peripheral patchy rim calcifications located in the
lower pole of the left lobe. CA carotid artery, Thy thyroid
gland, N nodule, TR trachea

with a size of 21 × 18 × 18 mm on the right and
20 × 11 × 17 mm on the left side with enlarging
nodules possessing calcifications. Two heterogeneous solid nodules were determined in the right
lobe, the largest of which is located in the lower
pole measured 12 × 10 × 8 mm with lobulated
margins and hypoechogenicity (Fig. 25.3). The
second nodule was located in the mid-pole measured <1 cm in size without worrisome sonographic features. The left lobe contained a third
hypoechoic
nodule
with
a
size
of
15 × 12 × 10 mm, was located in the lower pole,
and had lobulated margins with central microcalcifications and peripheral patchy rim calcifications (Fig. 25.4). No pathologic lymph node was

noted in the neck. The surgeon-performed USGguided FNA of these nodules revealed adenomatoid nodule in the right lobe and highly suspicious
features for papillary carcinoma in the left lobe.
She was subsequently offered total thyroidectomy. In the theater, after positioning, surgeonperformed USG of the neck was performed, and
suspicious nodules were marked to design incision according to real-time sonographic data of
the diseased gland (Fig. 25.5). Completion thyroidectomy was followed by sonographic evaluation of operative field to confirm no residual
disease had been left behind. The histopathologic
evaluation confirmed the diagnosis of papillary
cancer at the left-sided nodule with the largest
diameter of 15 mm without extrathyroidal extension. She proceeded to receive radioactive iodine
ablation therapy under rhTSH stimulation and
was administered suppressive doses of levothyroxine to maintain a TSH of <0.01 mIU/L. Her
post-therapy whole-body 131-I scan noted no
radioiodine uptake in the thyroid bed. Her stimulated thyroglobulin was 2.0 ng/mL, and thyroglobulin antibody was <20 IU/mL. Two years
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after initial surgery, she showed no evidence of
local recurrence or distant metastases. Neck USG
was also unremarkable.

25.2

Discussion

USG is accepted as the first-line imaging modality for diseases of thyroid and parathyroid gland
by radiologists [1]. As technological improvement made it possible to achieve higher-resolution devices with low costs, USG has gained an
important role in clinical management of the
neck in the hands of nonradiologists, particularly
surgeons. In the routine examination, USG not
only provides invaluable data about nodular thyroid disease, parathyroid adenomas, cervical
lymph nodes, head and neck masses outside of
the central compartment, or residual disease but
serves as a beneficial preoperative and intraoperative tool to design minimal-sized incisions for
the best cosmetic effect and to guide invasive
procedures with higher diagnostic accuracy [2].
The clinical features of parathyroid adenoma are
primarily due to hypercalcemia, and therefore the
challenge to the clinician is to make diagnosis
and the surgeon is to accurately predict the location to allow minimally invasive surgery. More
than 85% of cases of primary hyperparathyroidism are caused by a single adenoma, and less frequently, it can be caused by double adenomas,
multigland hyperplasia, or rarely parathyroid carcinoma [3]. In the past, the conventional operation for primary hyperparathyroidism was a
bilateral neck exploration (BNE), with improvement in preoperative localizing studies such as
USG, technetium-99m-sestamibi with singlephoton computed tomography (SPECT), and
four-dimensional computed tomography, along
with the use of intraoperative parathyroid hormone monitoring and minimally invasive interventions like focused parathyroidectomy,
emerged as an acceptable alternative to the standard BNE with shorter operative time and
reduced surgical morbidity [4, 5]. The accuracy
of USG is similar or superior to that of sestamibiSPECT, particularly when performed by surgeon,
at 70–87% [6, 7]. Concomitant thyroid pathol-

ogy, including thyroid cancer and benign nodules, is identified on USG in 30–50% of patients
with primary hyperparathyroidism [8], and USGguided FNA also may be used to aspirate suspected adenomas for confirmation. Series
demonstrate that concordant sestamibi-SPECT
and USG have operative cure rates up to 99%,
suggesting that this may be an alternative to
IOPTH monitoring [9]. Currently, office-based or
theater portable ultrasound without exposing
patients to radiation and costing less than nuclear
medicine or multidimensional studies is the primary diagnostic and localizing tool to guide surgeons for focused operation [10]. Preoperative
USG-directed FNA biopsy of parathyroid lesions
is highly specific but can have undesirable consequences [11]. Therefore, this technique should be
reserved for selected cases. One of the other
advantages of surgeon-performed USG is to
allow sampling in case of equivocal sonographic
findings and sestamibi scan, either in recurrent
disease or to make distinction between thyroid
and parathyroid pathologies following previous
neck surgery. In the first case that we presented,
we performed USG-guided FNA to confirm the
lesion was a parathyroid adenoma, since parathyroid scintigraphy depicted nothing significant
and IOPTH measurement was not available.
However, it should be emphasized that FNA
should be avoided regarding any suspicion of
malignant disease.
Analogously, surgeon-performed USG serves
as an invaluable tool for thyroid disease. After the
discovery of a thyroid nodule, evaluation for
malignancy is necessary to determine appropriate
management recommendations. FNA is the gold
standard method to make diagnosis. The malignancy risk in nondiagnostic or unsatisfactory
samples is 1–4%. Repeated aspiration of the nodule with USG guidance should lead to a diagnostic result in 50–88% of cases [12]. The
surgeon-performed USG guidance increases the
accuracy of FNA of thyroid nodules [2].
Moreover, there is a great enthusiasm on performing thyroidectomies through minimal-sized
incisions for the best cosmetic outcome. The preoperative real-time localization of thyroid gland
can aid in designing minimal-sized incisions by
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means of predicting technical issues before operation. In the operative setting, after positioning,
pre-incision ultrasound is useful to real-time
locate the best position for thyroid and parathyroid exploration. Routine use of USG after
patients are positioned on the operating table also
results in designing the most appropriate incision
for focused parathyroidectomy. The confirmatory
scanning of the neck region by surgeon after
removal of the predicted lesion is of paramount
importance. Since parathyroid adenomas are very
tiny lesions with fatty appearance, surgeon should
be secure by means of sonographic visualization
of the area demonstrating that the adenoma is
successfully removed. Another advantage of surgeon-performed USG is that it can frequently
identify an intrathyroidal parathyroid gland not
easily detected by other modalities (Fig. 25.6)
and provide opportunity to perform FNA at the
same time without multiple hospital visits or
appointments [10]. In thyroid surgery, sonographic scanning demonstrates the location of
superior and inferior poles with respect to anatomic landmarks, including cricoid and thyroid
cartilages, hyoid bone, and the clavicles for technically the most comfortable incision to be placed
[1]. The extension of the neck can be evaluated
and modified based on real-time objective, individualized position of the lobes to improve access
to superior extension of the gland.
Another critical issue to be emphasized is the
lymph node status of the neck. Routine preoperative sonographic imaging of the cervical nodal
basins changes the extent of surgery up to 40%
of patients in case of malignancy [13]. The sura
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geon-performed USG of neck compartments is
very crucial to determine pathologic lymph node
presence regarding the malignant disease. A
definitive diagnosis of malignancy in a cervical
lymph node is best obtained by ultrasoundguided FNA biopsy [14]. In theater, pre-incision
USG of the neck compartments for metastatic
lymph node localization can also be very beneficial to the operating surgeon. Moreover, intraoperative USG after the completion of neck
dissection to determine residual disease or to
confirm the absence of metastatic lymph nodes
possesses great value for the surgeon, as an
adjunct [15]. One of the most crucial contributions of USG in the operative setting is in case of
recurrence in a previously dissected compartment. Surgeon-performed intraoperative USG
guidance is the best way to plan and direct the
approach and extend the dissection for recurrent
disease [16, 17]. Surgical anatomy of the neck is
complex. USG becomes increasingly effective
when performed by the operating surgeon, owing
to the familiarity of the surgical anatomy. The
real-time images that can be taken in multiple
planes and compared with surrounding anatomy
allow a more comprehensive and detailed assessment of structures to discriminate thyroid nodules from parathyroid adenoma or a metastatic
lymph node. Recurrent and persistent primary
hyperparathyroidism has been called the bête
noir of the endocrine surgeon. In case of recurrence after minimally invasive parathyroidectomy, surgeon-performed USG of the neck and
FNA of any suspicious structure for localization
may predict the initial landmark area to begin

b

Fig. 25.6 Sonographic view of an intrathyroidal parathyroid gland (a), specimen view of intrathyroidal parathyroid
adenoma (b). CA carotid artery, Thy thyroid gland, TR trachea, PA parathyroid adenoma, VJI vena jugularis inferior
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neck exploration. Moreover, surgeon-performed
USG-guided FNA with higher reported rates of
accuracy is another advantage of the procedure
[2]. After thyroid surgery for malignant disease,
the sonographic evaluation of the neck by surgeon allows the imaging and localization to be
performed by the same individual who has performed the surgery. Unfortunately, neck recurrence is a common scenario in papillary thyroid
cancer. Beyond the initial diagnosis, the usefulness of surgeon-performed USG for surgical
planning just before incision after positioning in
recurrent cases is of paramount importance.
Properly removing nonpalpable, subcentimeter
lymph nodes based on only macroscopic visual
features adequately is a dilemma for the surgeon.
Therefore, in the course of surveillance for papillary thyroid cancer, sonographically suspicious
lymph nodes should be interrogated with FNA
biopsy. The aspirate may be assayed for thyroglobulin to increase the sensitivity and specificity for metastatic disease. When a nodal
recurrence is found in a previously dissected
central or lateral neck field, the reoperation
should focus on the areas where recurrence is
demonstrated [15]. As for the issue of recurrence
in a previously dissected compartment, surgeonperformed intraoperative USG directed focused
dissection is the best approach warranted [17].

What Can We Learn from This Case?

• The surgeon-performed USG is a specific tool for defining and determining
thyroid and parathyroid disease.
• For the operative surgeon, USG has a
significant role to play in the operating
room providing accurate, informative,
and more comprehensive evaluation of
thyroid, parathyroid, and lymph node
diseases.
• Thyroid and parathyroid USG require
training, validation, experience, and
establishment of competency.
• The surgeon-performed USG is an
invaluable tool to explore the neck for

thyroid and parathyroid pathology, to
serve as a guide for FNA, to design incision after positioning for either benign
or malignant thyroid disease, to determine pathologic lymph nodes that are
clinically not evident, to determine
residual disease after compartmental
dissection with the aim of N0 neck, to
act as a guide in minimally invasive
parathyroidectomy, to localize parathyroid adenoma, and to confirm the resection after intervention.
• The surgeon-performed USG in the preoperative, operative, and postoperative
setting is nothing more than a stethoscope of a clinician, which clarifies anatomic boundaries in a real-time fashion
and valuable adjunct to benign and
malignant endocrine surgical practice.
• The surgeon-performed neck USG benefits patient care and impacts surgical
decisions.
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Abstract

The anatomical integrity of the recurrent
laryngeal nerve (RLN) is generally preserved
by visual identification, and its exposure is
mandatory
during
thyroid
surgery.
Intraoperative nerve monitoring (IONM) is
used as an adjunct to visual identification to
confirm the motor activity of both the RLN
and the external branch of the superior laryngeal nerve (EBSLN).
We performed total thyroidectomy for the
treatment of hyperthyroidism using IONM for
both these nerves. The procedure was started
from the dominant left lobe. Pre-dissection
stimulation (V1) of the left vagus nerve
showed normal function of the intrinsic laryngeal muscles. We could not visually, but could
functionally, identify the left EBSLN by
IONM. EBSLN stimulation generating cricothyroid muscle (CTM) contraction also
induced vocal cord action recorded by nerve
monitoring. We identified an extralaryngeal
terminal bifurcation of the left RLN. Analysis
of sound signal and wave amplitude after predissection (R1) stimulation showed normal
motor activity on the anterior branch and sensory function on the posterior branch.
G. Gürleyik
Department of Surgery, Haydarpaşa Numune
Training and Research Hospital, Istanbul, Turkey
E. Gürleyik (*)
Department of Surgery, Düzce University,
Düzce, Turkey

Stimulation of the left RLN also induced CTM
twitches. At the end of the surgery, post-dissection (R2) and (V2) stimulations confirmed
proper motor function of the RLN. EBSLN
stimulation generated cricothyroid muscle
(CTM) contraction revealing the normal function of this branch. The right lobe was also
dissected under the guidance of IONM. All
stages of monitoring were the same as on the
left side, which showed proper function of the
nerves at the end of the surgery.
IONM contributes to the identification of
the EBSLN and establishes its proper motor
function by observation of CTM contraction. It
assesses the function of the RLN at the beginning, during, and the end of the surgery, with
vocal cord mobility being received by surface
electrodes creating a sound signal while recording the waveform amplitude. Based on recordable amplitudes after stimulation of EBSLN
and induction of CTM twitches by stimulation
of the left RLN, IONM establishes real-time
motor interconnections between EBSLN and
RLN via laryngeal anastomosis.

26.1

Introduction

Intrinsic and extrinsic laryngeal muscles, which
are responsible for vocal cord (VCs) movements,
are innervated by superior and inferior laryngeal
nerves. During thyroid surgery, proper function
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of the laryngeal musculature is the key to avoid
any complication that depends on the functional
integrity of both the recurrent laryngeal nerve
(RLN) and external branch of the superior laryngeal nerve (EBSLN). Their anatomical integrity
is generally preserved by visual identification
and exposure of the nerves using good surgical
technique by experienced surgeons. However, the
anatomical integrity of nerve branches does not
necessarily guarantee preserved motor function.
Intraoperative nerve monitoring (IONM) is used
as an adjunct to visual identification to confirm
motor activity of the nerves. Electrophysiological
stimulation of EBSLN and RLN produced contraction of the laryngeal musculature that establishes the functional integrity of the nerve during
thyroid surgery [1–4]. The present case is an
example of various steps of IONM and monitoring motor relations between superior and inferior
laryngeal nerves.

26.2

Case Presentation

A 64-year-old woman presented to our clinic
with symptoms of hyperthyroidism. Blood biochemical analysis showed reduced serum thyroid-stimulating hormone and high free thyroid
hormone (FT4 and FT3) levels. Ultrasound and a
nuclear scan of the thyroid gland revealed large,
solid, hot, and hyperactive nodules in both lobes.
Of the two lobes, higher voluminous glandular
tissue and more hyperactive nodules were located
in the left lobe. Based on these findings, a diagnosis of toxic multinodular goiter was made. We
first prescribed methimazole (30 mg/day) as preoperative thyrostatic treatment. Later, the dose
was increased to 100 mg/day for normalizing
serum hormone levels. We planned on performing total thyroidectomy as the appropriate surgical procedure with the use of IONM for both
nerves. IONM was performed using a nerve
integrity monitor (NIM-Response 3.0 System;
Medtronic Xomed, Jacksonville, FL, USA). The
device was used in the following settings: stimulation intensity of 1 mA and amplitude threshold
of 100 μV. The nerve integrity monitor was connected to surface electrodes integrated with an

endotracheal tube 7.0 which was inserted between
VCs under direct vision during intubation.
The procedure was started from the dominant
left lobe. After medial traction of the lobe, we
incised the neurovascular sheet and identified the
vagus nerve (VN) posterior to the common
carotid artery and jugular vein. The stimulator
probe was directly applied (V1) on VN, and the
sound signal was obtained from the device while
recording the wave amplitude and latency. After
dissection of the inferior pole, we dissected the
superior pole of the left lobe under monitoring
EBSLN. After lateral and caudal retraction of the
upper pole of the thyroid, the upper thyroid vessels were ligated closer to the glandular tissue
under nerve monitoring. However, we could not
visually identify the left EBSLN. The nerve tract
on the constrictor muscle was stimulated (S1)
indirectly with an intensity of 1 mA without
observation of the physiological response. The
intensity was increased to 2 mA, and the nerve
tract was restimulated (S1). We macroscopically
observed the physiological contraction of the cricothyroid muscle (CTM) while recording its first
amplitude. After completing upper pole dissection, final stimulation (S2) was applied on the
nerve tract, and the amplitude was recorded while
macroscopically observing CTM contraction.
After medial mobilization of the left lobe, RLN
was identified using the conventional lateral
approach. Once RLN was visually identified, it
was directly stimulated (R1). The left RLN was
then fully isolated and completely exposed, and
extralaryngeal terminal bifurcation was observed
as an anatomical variation. Later, post-dissection
final stimulation (R2) was applied to the main
trunk and anterior and posterior branches of RLN
(Fig. 26.1). Based on IONM data, the anterior
branch was identified as the motor with a positive
signal, and the posterior branch was identified as
the sensory with no signal. In addition to VC
movement, the stimulation (R2) of the left RLN
also induced CTM twitches. The left VN was
reidentified and restimulated (V2) at the end of
surgery. After V1, S1, R1, S2, R2, and V2 stimulations, waveform amplitudes and latencies were
recorded separately (Table 26.1).
Dissection of the right lobe: After VN stimulation (V1) and dissection of the inferior pole, we
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Fig. 26.1 The left recurrent laryngeal nerve (RLN) has
extralaryngeal terminal bifurcation. Main trunk is divided
at bifurcation point (*): anterior and thinner posterior
branches that enter separately into the larynx

Fig. 26.2 The right external branch of superior laryngeal
nerve (EBSLN). Distal part of the nerve branch running
on the constrictor muscle is visually identified and fully
exposed (Friedmann type 1)

Table 26.1 Results of IONM
Steps of IONM Right side
Definition
Pre-dissection VN stimulation
Pre-dissection EBSLN
stimulation
Pre-dissection RLN stimulation
Post-dissection EBSLN
stimulation
Post-dissection RLN stimulation
Post-dissection VN stimulation

V1
S1

Left side
Amplitude
Amplitude (μV) Latency (mS) (μV)
746
6.0
593
215
4.63
313

Latency (mS)
9.38
4.38

R1
S2

2044
279

4.38
2.88

1362
547

4.0
3.63

R2
V2

1316
515

3.5
6.25

1759
870

4.13
9.6

Table 26.2 Anatomical and physiological identification
of laryngeal nerves
Anatomical identification and nerve
monitoring
EBSLN: visual identification
EBSLN: functional identification with
CTM contraction by IONM
EBSLN: stimulation creating
recordable amplitude
RLN: visual identification
RLN: functional identification with
VC movement by IONM
RLN: stimulation creating CTM
twitch

Right
side
Yes
Yes

Left
side
No
Yes

Yes

Yes

Yes
Yes

Yes
Yes

No

Yes

EBSLN external branch of superior laryngeal nerve, RLN
recurrent laryngeal nerve

visually identified the right EBSLN (Fig. 26.2)
during dissection of the superior pole which was

stimulated (S1) directly with an intensity of
1 mA. At the end of pole dissection, EBSLN was
restimulated (S2), and we observed contraction
of the right CTM. After complete exposure of the
right RLN, we observed an uncommon course of
the nerve on the lateral surface of the right lobe
(Fig. 26.3). All steps of IONM (V1, S1, R1, S2,
R2, and V2) were performed similarly on the
right side, and waveform amplitudes and latencies were recorded (Table 26.1).
Normal VC action was determined by postoperative video laryngoscopy. At both sides, we
performed anatomical identification of the laryngeal nerves (except left EBSLN) by surgical dissection and physiological identification with
contraction of the laryngeal musculature using
IONM (Table 26.2).
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Fig. 26.3 Cervical part of the right recurrent laryngeal
nerve is identified and completely exposed; the nerve has
a superficial course and is adherent on the lateral surface
of the right lobe

26.3

Discussion

In this toxic multinodular goiter case, total thyroidectomy was performed under the guidance
of IONM. First, we attempted the dissection of
the left lobe that was identified as the dominant
lobe after clinical and radiological evaluation.
After checking functional integrity by IONM at
the left side, we completed total resection
uneventfully. The first rule of nerve monitoring
is to start the surgery on the dominant lobe that
harbors the main pathology. At the end of first
lobe dissection, the surgeon checks the functional integrity of RLN by nerve monitoring and
proceeds to dissect the contralateral lobe. In
case of loss of signal and amplitude (an indicator of VCs palsy) during dissection of the first
lobe, surgery of the second lobe may be delayed
or postponed [5, 6]. Consequences of bilateral
RLN injuries are more severe and catastrophic
than unilateral ones. One of the main advantages of IONM is the prevention of bilateral
injuries to RLN.
The first step of IONM is pre-dissection monitoring (V1) of VN. In our case, V1 of both sides
showed
functional
neural
integrity.
Electrophysiological V1 stimulation confirms the
proper function of the inferior neural system of
the larynx at the beginning of the surgery. We
think that right V1 stimulation is slightly more

important than left V1 as signals from the right
VN (V1) are rarely negative at a distal standard
contact point of the stimulator probe despite
proper function of VCs. The absence of the V1
signal is a pathognomonic determinant of a nonrecurrent course of the nerve indicating a rare
anatomical variation of RLN. The V1 signal was
negative if the stimulator probe contact point was
located distal to the non-RLN separation and
positive if it was located proximal to the separation [7]. Early detection of a risky anatomical
variation of RLN appears to be an advantage of
IONM.
The nerve monitoring begins with the visual
identification of laryngeal nerves followed by
functional identification by electrophysiological
stimulation. We could visually identify the right
EBSLN but not the left one. Visualization of
EBSLN is not always possible because of the
deep course of the nerve through the muscle
fibers. Approximately, 15–20% of the nerve
branches run distally through the pharyngeal
constrictor muscle and are not visualized with
standard dissection [8, 9]. EBSLN innervates
CTM which plays an important role in maintaining the tension and length of VCs. Adequate tension and length are essential for vibration
frequency of VCs to ensure optimal voice quality
[1, 2, 9]. IONM directly checks the functional
integrity of the visualized nerve with the observation of CTM twitches as done during the dissection of right lobe in our case. On the other hand,
observation of CTM contraction after stimulation
of the nerve tract with 2 mA intensity confirms
the contribution of nerve monitoring to the identification of non-visualized nerves as observed
during the dissection of the left lobe in our case.
At the end of each pole dissection, final stimulation (S2) of EBSLN and detection of CTM
twitches is required to establish the motor integrity of the nerve branch. Thus, IONM has a clear
advantage in the anatomical identification and
establishing the functional integrity of non-visualized nerves.
RLN has many anatomical variations. We discovered extralaryngeal terminal bifurcation of
the left RLN and superficial course of the right
RLN on the lateral surface of the thyroid gland.
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Terminal bifurcation is a common variation with
approximately 30% of incidence [10, 11]. Visual
misidentification of the posterior branch as a single nerve trunk may increase the risk of the inadvertent division of the anterior motor branch.
This can result in postoperative VC palsy, even
though the surgeon believes to have preserved the
integrity of the nerve. In case of a bifid nerve,
IONM is a good adjunct to visual nerve identification because it can help the surgeon to clearly
identify the motor function of the main trunk and
both branches. In the present case, nerve monitoring established the functional integrity of the
nerve branches: anterior (motor) and posterior
(sensory). We can comment that in the case of
anatomical variation, nerve monitoring may be a
good guide for determining the functional integrity of nerves and for preventing inadvertent
nerve injury. The anterior branch of RLN always
provides motor function, while the posterior
branch only rarely has motor fibers and is usually
sensory [12].
The superficial course of RLN adherent on the
lateral surface of the gland and lateral to
Zuckerkandl’s tubercle is another uncommon
variation, with the incidence being less than 10%
[13]. The thyroid surgeon must be familiar with
the surgical anatomy of RLN including all anatomical variations. At the end of surgery, stimulation (R2) of RLN checks the motor integrity of
the distal part of the nerve, and stimulation (V2)
of VN establishes the motor integrity of the inferior laryngeal motor nerves. Sometimes, a proximal injury may be missed if nerve monitoring
checks the distal cervical part of the nerve. V2
stimulation confirms the integrity of the inferior
motor neural system of the larynx. IONM helps
in identifying motor nerves with anatomical variations and may decrease injury risk in uncommon situations.
At the end of surgery, final stimulation (S2)
of both EBSLNs resulted in recordable amplitude (right, 278 μV; left, 547 μV) due to contraction of intrinsic laryngeal musculature. RLN
innervates these muscles and induces movements of VCs which are also determined by
IONM. Thus, recordable amplitudes, due to the
laryngeal muscle movements after stimulation
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of EBSLN, led us to think about motor communications between two nerves. Microdissection
of 90 larynges obtained from necropsies established some form of anastomoses between the
laryngeal nerves. An anastomosis between the
EBSLNs and RLNs was present in 68% of cases
as a connecting branch throughout CTM [14],
while human communicating nerve has been
reported to be present in 70% of humans [15].
On the other hand, induction of CTM twitches
by stimulation (R2) of the left RLN is another
confirmation of these relations in the present
case. In the study by Miyauchi et al. [16], following stimulation of the 51 (73%) ipsilateral
RLNs, CTM contractions were observed providing further confirmation of motor communication between the superior and the inferior
laryngeal systems. Martin-Oviedo et al. [17]
observed response in CTM in 7 of 13 (53.8%)
patients after RLN stimulation. Recently, Liddy
et al. [18] have described target and nontarget
muscles for RLN and EBSLN after their monitoring. Based on available data, we can argue
that CTM is the target muscle for EBSLN and
nontarget muscle for RLN, while all intrinsic
laryngeal muscles are target for RLN and nontarget for EBSLN.
Conclusion

Visual identification of neural structures based
on good surgical skill and full anatomical
knowledge including variations of laryngeal
nerves is the gold standard in thyroid surgery.
IONM has gained widespread acceptance as
an adjunct to the gold standard of anatomical
identification.
Thyroid surgeon can use IONM in all cases
of thyroid surgery as an adjunct to surgical
dissection. Besides visual integrity of the
nerves after their full exposure, IONM detects
motor integrity of laryngeal nerves during and
at the end of the surgery. IONM is a reliable
way to identify motor nerves and their motor
integrity. In our opinion, IONM should be in
the armamentarium of thyroid surgeons.
The surgeon must keep in mind that IONM
cannot
always
prevent
injury
to
RLN. Surgeon’s skill and full anatomical
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knowledge are still the key, essential, and
main factor for safe thyroid surgery. An experienced surgeon can perform thyroidectomy
with a low complication incidence, but not
with nil complication rate. We need a technology which can prevent intraoperative VC
palsy secondary to nerve injury especially
under complicated conditions.

What Can We Learn from This Case?

• Total thyroidectomy is a procedure of
choice for patients with bilateral surgical
pathology of the thyroid gland.
• Starting dissection from the dominant
lobe harboring the main pathology is the
first rule of total thyroidectomy with
nerve monitoring.
• The surgeon can visually identify and
expose EBSLN. It is impossible to
expose some branches running deep
through the constrictor muscle. IONM
contributes by electrophysiological
identification of non-visualized nerve
and establishing motor integrity of
EBSLN with observation of CTM
contraction.
• IONM verifies motor integrity of RLNs
of which anatomical identification and
total exposure are mandatory during
thyroid surgery.
• IONM is a good adjunct to anatomic
exposure, especially for RLN with
anatomical variations like extralaryngeal
bifid nerve, and premature and early
bifurcation of the nerve prior to laryngeal
entry.
• Uncommon and superficial course of
the nerve on the lateral surface of the
lobe may increase injury risk that IONM
may assist identification and gentle
dissection of the nerve from underlying
tissue.
• IONM may establish motor communication between laryngeal nerves.

Electrophysiological stimulation of both
EBSLNs created recordable amplitude
secondary to movement of intrinsic
laryngeal muscles received by surface
electrodes integrated on endotracheal
tube. Additionally, stimulation of the
left RLN induced CTM twitches. These
findings reveal motor interconnection
between superior and inferior laryngeal
nerves.
• Many anatomical variations of laryngeal nerves have been described previously. Nerves with variations increase
the importance of nerve integrity monitor in thyroid surgery. It is generally
impossible to discover anatomical
variations preoperatively; therefore, the
use of IONM seems advisable during
thyroid surgery.
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Recurrent Laryngeal Nerve Injury
in Thyroid Surgery
with Intraoperative Nerve
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Abstract

IONM assesses the motor function of the
recurrent laryngeal nerve (RLN) while exposing the anatomical integrity, which does not
always ensure the normal function. However,
despite its advantages, IONM cannot always
prevent injury to the nerve. Nevertheless,
nerve monitoring can still play an important
role in case of an inadvertent nerve injury. We
present a case of an RLN injury in thyroid surgery performed under the guidance of IONM.
We planned for total thyroidectomy for the
surgical treatment of papillary cancer under
the guidance of IONM. We first dissected the
right lobe harboring the malignant solid nodule. Pre-dissection sound signals (V1 and R1)
after vagus nerve (VN) and RLN stimulations
were obtained from the device while recording the wave amplitude. The right RLN was
isolated and completely exposed. In the end,
post-dissection stimulation (R2) of the anatomically intact RLN determined the loss of
signal (LOS) without a recordable waveform
amplitude. Post-dissection stimulation of the
right VN confirmed the LOS, revealing the
E. Gürleyik
Department of Surgery, Düzce University,
Düzce, Turkey
G. Gürleyik (*)
Department of Surgery, Haydarpaşa Numune
Training and Research Hospital, Istanbul, Turkey

transient or permanent injury to the nerve.
Electrophysiological monitoring of the RLN
detected a segmental (type 1) injury. The
resection of the left lobe was abandoned after
right hemithyroidectomy. Postoperative laryngoscopy showed unilateral right VC palsy.
The final pathological diagnosis was papillary
thyroid cancer in the right lobe. The normal
function of the right VC was recovered in the
third postoperative month. Completion left
lobe excision was performed under the guidance of IONM as a delayed procedure after
4 months of primary surgery. Postoperative
laryngoscopy confirmed the normal function
of both VCs.
IONM assesses and confirms the functional
integrity of the laryngeal nerves. Intraoperative
LOS indicates an injury to the nerve and the
presence of palsy. In case of unfavorable complications, IONM detects the type of injury to
the RLN. IONM establishes the outcome of
the neural palsy, affects the surgical decisionmaking, and prevents the risk of bilateral
palsy.

27.1

Introduction

During thyroid surgery, anatomical identification
and complete exposure of the cervical part of the
recurrent laryngeal nerve (RLN) are mandatory.
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The anatomical integrity of the nerve is the first
key to a safe surgery. Protection of the structural
integrity is primarily based on a complete anatomical knowledge including the variations and
the surgical skill. Thyroid surgery performed by
an experienced surgeon will have a very low
complication rate. In addition to anatomical
integrity, the motor integrity of the nerve has paramount importance for a complication-free thyroidectomy. Intraoperative nerve monitoring
(IONM) has now become an adjunct to anatomical identification and integrity of the RLN. IONM
assesses the motor function of the nerve while
exposing the anatomical integrity, which does not
always ensure the normal function. The medical
literature presents some reports demonstrating
that IONM can reduce the incidence of vocal
cord (VC) palsy [1–6]. However, despite its
advantages, IONM cannot always prevent injury
to the nerve. In this situation, it is necessary to
assess the intraoperative utility of nerve monitoring in the case of an inadvertent RLN injury. We
hypothesize that nerve monitoring still has an
important role during thyroid surgery even in the
case of a nerve injury.
We present a case of RLN injury in thyroid
surgery performed under the guidance of IONM.

27.2

Case Presentation

A 60-year-old woman presented to our clinic
with an anterior cervical mass. Biochemical analysis of her blood sample showed a euthyroid
state. Thyroid ultrasound revealed a hypoechoic
nodule measuring 23 × 33 × 39 mm with a cystic
component in the right lobe and an isoechoic
nodule measuring 4 × 5 × 8 mm with regular borders in the left lobe. After a fine needle aspiration
biopsy of the larger nodule, a cytological diagnosis of papillary cancer was suspected. We planned
for a total thyroidectomy under the guidance of
IONM that was performed using a nerve integrity
monitor (NIM-Response 3.0 System; Medtronic
Xomed, Jacksonville, FL, USA). The setup of the
device included a stimulation intensity of 1 mA
and an amplitude threshold of 100 μV. The nerve
integrity monitor was connected to the surface

electrodes integrated with an endotracheal tube
7.0 ID (NIM®EMG standard reinforced endotracheal tube; Medtronic Xomed, Jacksonville, FL,
USA), which was inserted between the VCs
under direct vision during intubation. We first
dissected the right lobe harboring the larger solid
nodule with a suspicious cytology. After medial
traction of the lateral lobe, we incised the neurovascular sheet and then identified the vagus nerve
(VN) posterior to the common carotid artery and
the jugular vein. The stimulator probe was
directly applied on the VN, and the pre-dissection
sound signal (V1) was obtained from the device
while recording the wave amplitude. After dissecting the inferior pole, we dissected the superior pole of the right lobe and ligated the upper
thyroid vessels closer to the glandular tissue
under the guidance of nerve monitoring. After
medial mobilization of the lobe, the RLN was
identified using a conventional lateral approach.
When first identified under direct vision, the
RLN was directly stimulated, and the pre-dissection sound signal (R1) was obtained from the
device while recording the wave amplitude. The
RLN was isolated until the ligament of Berry
with observation of the disappearance of the
nerve in the ligament layers. At the end of lobe
dissection, a final post-dissection stimulation
(R2) was applied on anatomically intact RLN. We
determined the loss of signal (LOS) without a
recordable waveform amplitude. The right VN
was reidentified and restimulated (V2), which
confirmed the LOS, revealing the transient or
permanent injury to the nerve. Surgical exploration of the cervical part of the RLN showed an
anatomically intact nerve. Electrophysiological
monitoring of the RLN detected a segmental
(type 1) injury at approximately 15 mm to the
laryngeal entry. The IONM created a sound signal on the distal 15 mm of the nerve and revealed
the LOS on the proximal part. We waited for
30 min for the return of the motor function and
the physiological signal and amplitude. However,
the motor function of the RLN was not recovered
during the waiting period. We abandoned the
resection of the left lobe and performed right
hemithyroidectomy, including the larger nodule
with a suspicious cytological diagnosis of papil-
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lary cancer. Postoperative laryngoscopy showed
unilateral right VC palsy. The final histopathological diagnosis was papillary thyroid cancer
(encapsulated follicular variant) with a tumor
size of 30 × 25 mm. The tumor was intrathyroidal
without lymphovascular invasion. Follow-up
monthly laryngoscopic examinations showed
that the normal function of the right VC was
recovered in the third postoperative month.
Completion left lobe excision was performed as a
delayed procedure after 4 months of primary surgery. All stages of nerve monitoring showed
functional integrity of the left laryngeal nerves.
Postoperative laryngoscopy confirmed the normal function of both VCs. The pathological diagnosis in the left lobe was a benign nodular goiter.
A suppressive dose of l-thyroxin was prescribed
postoperatively. The follow-up period was
uneventful in the third year.
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The identification and complete exposure of the
RLN are the gold standard during thyroidectomy.
IONM has been accepted as a good adjunct to
anatomical identification. Despite some advantages of monitoring, injury to the nerve uncommonly occurs during thyroid surgery under the
guidance of IONM. Even in the case of an injury,
IONM may still have an important role in the surgical procedure. The present case of thyroid surgery is an example of injury to an anatomically
intact nerve detected by IONM, which may affect
the intraoperative surgical decision, the intended
preoperative plan, and the outcome of the surgical procedure.

predictive value [7]. Meta-analyses have shown
that IONM is associated with a reduction in overall and permanent RLN palsy during thyroid
reoperations and also reduces the rate of injury
[1–3]. IONM could be an effective method to
increase the rate of RLN identification and reduce
the temporary phonation alteration after thyroid
surgery. The use of IONM significantly decreases
the occurrence of RLN injuries [4–6]. On the
other hand, there are contradictory reports that
the use of IONM does not prevent permanent
nerve palsy; no significant benefit of IONM compared with visualization alone in reducing the
rate of RLN injuries could be proven [8, 9].
Monitoring the RLN and the VN at the end of the
surgery has been especially accepted as a good
determinant for the prognostication of normal
neural function. In our present case, pre-dissection stimulation of the VN and the RLN confirmed the normal function of both nerves.
However, post-dissection retesting by IONM
showed unexpected unfavorable findings despite
the anatomical integrity of the RLN. Randolph
and Kamani [10] reported that intraoperative
monitoring of the RLN during thyroid and other
neck surgeries could aid in nerve mapping, nerve
identification, and prognostication of postoperative VC function. Our finding in the present case
confirmed that visual integrity of the RLN trunk
does not always ensure the normal motor function of the nerve. In the case of an anatomically
intact nerve without monitoring, we believe that a
complication-free surgery has been performed,
but the results of IONM indicated loss of motor
integrity despite visual integrity. Therefore, the
surgeon can miss neural palsy without the assistance of electrophysiological monitoring.

27.3.1 I ONM Assesses and Confirms
the Functional Integrity
of Laryngeal Nerves

27.3.2 I ONM Detects Injury, Neural
Palsy, and Intraoperative Loss
of Motor Function

During thyroid surgery, nerve monitoring determines the integrity of motor function of the nerve,
and IONM has been demonstrated to have not
only a very high sensitivity and a negative predictive value but also good specificity and positive

In the present case, the identification, isolation,
and exposure of the right RLN were uneventful.
The nerve was anatomically intact at the end of
right lobe dissection. Therefore, we believe that
the procedure was uncomplicated before recheck-

27.3
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ing the functions of the RLN and the VN by
IONM. Both right R2 and V2 stimulation showed
LOS and a nonrecordable wave amplitude that
revealed the injury to the nerve. Postoperative
laryngoscopy confirmed ipsilateral VC palsy.
Recognizable intraoperative nerve damage was
almost 100% by IONM [11]. The LOS was successfully diagnosed in a series of 500 total thyroidectomies, including 20 temporary and 5
permanent nerve lesions, that allows for optimizing the predictive values of IONM in the prognostication of postoperative RLN function [12].
We can comment that our finding of post-dissection LOS is an important advantage of nerve
monitoring as it can detect the presence of an
intraoperative nerve injury. In the case of an
intraoperative RLN injury, IONM provides reliable and appropriate feedback on the functional
status of the RLN on the side of the initial dissection during a total thyroidectomy [13]. The LOS
on the RLN reveals a deterioration of motor
integrity, and in such a situation, expert surgeons
advise a waiting period of 20–30 min for the
return of motor function in the case of a transient
palsy. Sitges-Serra et al. [14] reported that the
majority of initially silent nerves recovered an
electromyographic signal at retesting. The mean
time to recovery was 20.2 (range: 10–35) min.
After the LOS on the RLN dissected initially,
there is a high probability of intraoperative signal recovery. In this setting, judicious bilateral
thyroidectomy can be performed without the risk
of bilateral recurrent nerve paresis [14].
Sometimes, the motor function of the nerve is
recovered intraoperatively and allows the completion of the procedure. Otherwise, we recommend discontinuation of the procedure and
consideration of a delayed or staged surgery. In
the present case, the absence of motor function
recovery during the waiting period prompted us
to change the surgical plan of the intended total
thyroidectomy. Therefore, nerve monitoring was
found to be useful also for the early detection of
nerve palsy, which affects the ongoing procedure
and the surgical plan. Anuwong et al. [11]
reported that the standardized technique of nerve
monitoring allows to cumulate stage procedures
and reset bilateral RLN palsy.
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27.3.3 I ONM Detects the Type
of Injury and Injury
Mechanism of the RLN
The mechanism of injury to the RLN has been
categorized into traction, mechanical compression, ligation, heat damage, and transection. The
types of an RLN injury include segmental (type
1) and global (type 2). If an inadvertent neural
injury occurs during surgery, IONM can clarify
the type of injury as segmental or global. In our
case, a positive signal on the distal segment and
no signal on the proximal part of the nerve confirmed the presence of type 1 injury. After the
segmental loss of motor function in the anatomically intact RLN, we believed that the mechanism of injury to the nerve could be traction,
compression, or thermal damage. These findings
based on the results of nerve monitoring and anatomical observations increased the probability of
a transient palsy and the expectation of functional
recovery. The functional outcome after an RLN
palsy may depend on the type of nerve injury
[15]. There are two possible intramural injuries
to a macroscopically intact nerve, disruption of
axons (axonotmesis) and conduction block
affecting Schwann cells and nodes of Ranvier. An
intact axon with a surrounding myelin injury
presents a conduction block on electromyography. Myelin and axonal injuries resulting in
Wallerian degeneration present as a conduction
block and denervation on electromyography [15].
For prognostication of recovery in cases of laryngeal dysfunction and voice changes after thyroid
surgery, the surgeon would first need to define the
presence, location, and type of nerve injury [16].
Intramural damage inside an anatomically intact
nerve is caused due to traction, pressure, or heating. Neurapraxia affects the surrounding
Schwann cells, despite maintaining the integrity
of the axon. The LOS during surgery indicates a
discontinuity in the electrical propagation of the
nerve. The surgeon can pinpoint the exact location of the injury using the stimulator probe along
the course of the nerve [16]. In our case, the
important advantages of nerve monitoring were
the detection of the functional loss, the exact
location of the injury line on the anatomically
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intact nerve, defining the injury type, and the
observation of the intraoperative outcome of
nerve palsy. We can state that the IONM has a
beneficial and predictive role in thyroid surgery
even in the case of RLN palsy.

27.3.4 IONM Establishes
the Outcome of Neural Palsy
and Affects Surgical
Decision-Making
Certain mild traction and compression injuries
cause neurapraxia and are sometimes reversible
within 20–30 min if the traction or compression
is relaxed. If the IONM indicates an early functional recovery, the surgeon can continue and
complete the surgery. In our case, the normal
motor function was not recovered during the
intraoperative waiting period, which increased
the suspicion of a moderate or severe injury. In
this situation, excision of the left lobe was abandoned to prevent the probability of bilateral
palsy. Henry et al. [17] presented five meta-analyses demonstrating a nonsignificant reduction in
RLN injury using IONM versus nerve visualization alone. On the other hand, the concept of a
staged thyroidectomy in the case of LOS on the
first side to prevent bilateral RLN injury may
provide additional benefits [17]. Ten (4.9%) of
206 procedures were staged based on unfavorable signal changes. The IONM results accurately indicated postoperative ipsilateral VC
dysfunction with high reliability [13]. Therefore,
we can comment that the IONM is a reliable tool
that can be used for staging thyroid surgery. An
important rule of nerve monitoring is to start the
surgery by dissecting the lobe harboring the primary, dominant pathology to prevent bilateral
palsy in the case of unilateral loss of motor
integrity. Nerve monitoring has been found to be
useful also for the intraoperative decision of continuation or postponement of surgery based on the
motor function of laryngeal nerves. Bergenfelz
et al. [18] reported that bilateral RLN injury did not
occur during thyroid surgery with IONM. Randolph
and Kamani [10] reported that IONM aids in the
prognostication of postoperative VC function,
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which in turn can influence the surgeon’s decision to proceed to bilateral surgery. Because an
abnormal intraoperative electromyogram indicates a high risk for early postoperative VC palsy,
the initial plan of bilateral surgery needs to be
critically reviewed after the occurrence of LOS
on the first side of resection. Since the majority of
affected nerves will fully recover after the operation, a staged completion thyroidectomy is recommended [19]. In the present case, the RLN
injury determined by IONM and the right VC
palsy identified by postoperative laryngoscopy
supported the current decision of interrupting the
surgical procedure. Another rule of nerve monitoring is the staged surgery implying delaying or
postponing the excision of the contralateral lobe
in the case of LOS on the side of the initial dissection. An important advantage of IONM is the
protection of the patient from the risk of bilateral
VC palsy. With proper use of nerve monitoring,
there would be no incidence of bilateral RLN
injury.
In the present case, the cytological diagnosis
indicated total thyroidectomy as surgical treatment. We first delayed the surgery after observing the intraoperative LOS and the nonrecordable
wave amplitude on electromyography. Right VC
palsy established by postoperative laryngoscopy
confirmed the intraoperative result. The pathological diagnosis of papillary carcinoma in the
excised right lobe revealed the indication of completion surgery for the remaining left lobe.
Recovery of the normal VC function in the postoperative third month indicated that the injury to
the right RLN was transient. Normal VC activity
detected by the third month of laryngoscopy
allowed us to perform completion thyroidectomy.
Surgical treatment of the papillary cancer was
completed with delayed resection of the remaining lobe. Total thyroidectomy is a procedure of
choice for patients with papillary thyroid cancer,
but in the case of LOS on the first side after excision of the primary pathology, staged surgery is a
good and widely accepted alternative for preventing the probability of bilateral VC palsy. The
decision of a staged surgery after the recovery of
VC activity provides motor integrity to both
RLNs or at least protects the unilateral motor
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integrity of the nerve against catastrophic bilateral injuries. If the VC function is not recovered,
discontinuation of resection of the contralateral
lobe should be considered.
Anatomical identification of the RLN is the
gold standard during thyroidectomy, and
IONM can be a valuable adjunct to visual identification. Even in the case of nerve palsy,
IONM has an important role in defining the
presence, cause, and type of injury and in the
surgical decision-making and outcome of the
ongoing procedure.

27.4

Follow-Up and Outcome

In the present case, the initial surgical plan was
total thyroidectomy. At the end of excision of the
first lobe, the IONM results showed that unilateral loss of motor integrity of the RLN affected
the outcome of the procedure. Excision of the
contralateral lobe was abandoned to prevent the
probability of bilateral nerve palsy. The surgical
treatment of papillary thyroid cancer was completed with a two-stage surgery after the detection of normal VC function by the third month of
laryngoscopy. The IONM results during the second surgery and those of the laryngoscopy after
completion thyroidectomy revealed the motor
integrity of both nerves and the normal function
of VCs. Unfavorable events were not detected at
the third year of follow-up.
IONM assesses and establishes the functional integrity of laryngeal nerves. Its role is
more apparent and significant especially in an
anatomically intact nerve that does not always
ensure a normal function. In the case of a visually intact but functionally injured nerve, IONM
can also be used to detect the deterioration of
motor integrity, define the type of injury, assess
the early outcome of nerve palsy, change the initial surgical plan, and affect the surgical decision-making. In addition to RLN identification,
it plays an important role in the case of nerve
injury. Therefore, as a useful adjunct to surgical
skill and anatomical dissection, IONM should
be included in the armamentarium of the
surgeon.

What Can We Learn from This Case?

• Visual identification, exposure of the
RLN, and protection of its anatomical
integrity are the gold standard of thyroid
surgery. IONM is a valuable adjunct to
anatomical exposure of the nerve.
• Anatomical integrity does not always
ensure normal motor function, and
IONM can be used to assess the functional integrity.
• Nerve monitoring may also have an
important role in the case of injury to the
laryngeal nerves. IONM with LOS and a
nonrecordable waveform amplitude aids
in the early detection of injury to the RLN.
• IONM may define the type, cause, and
mechanism of injury, which is important
for the prognostication and outcome of
VC palsy.
• In the case of a transient injury, IONM
is beneficial to determine the intraoperative recovery of a transient nerve palsy
that allows continuation of the surgical
procedure.
• In the case of an injury detected by nerve
monitoring, IONM has an important role
in surgical decision-making. Loss of signal and amplitude during dissection on
the first side changes the intended surgical plan so that the excision of the contralateral side is postponed.
• The decision of a staged completion surgery based on the results of IONM
appears to be a good alternative for preventing the probability of bilateral palsy.
The standard use of IONM prevents
bilateral injury to the RLN.

References
1. Sun W, Liu J, Zhang H, Zhang P, Wang Z, Dong W,
et al. Meta-analysis of intraoperative neuromonitoring of recurrent laryngeal nerve palsy during thyroid
reoperations. Clin Endocrinol. 2017;87(5):572–80.
https://doi.org/10.1111/cen.13379.

27 Recurrent Laryngeal Nerve Injury in Thyroid Surgery with Intraoperative Nerve Monitoring
2. Yang S, Zhou L, Lu Z, Ma B, Ji Q, Wang Y. Systematic
review with meta-analysis of intraoperative neuromonitoring during thyroidectomy. Int J Surg.
2017;39:104–13.
3. Wong KP, Mak KL, Wong CK, Lang BH. Systematic
review and meta-analysis on intra-operative neuromonitoring in high-risk thyroidectomy. Int J Surg.
2017;38:21–30.
4. Baek SK, Lee K, Oh D, Kang SH, Kwon SY, Woo
JS, et al. Efficiency of intraoperative neuromonitoringon voice outcomes after thyroid surgery. Auris Nasus
Larynx. 2017;44:583–9.
5. Vasileiadis I, Karatzas T, Charitoudis G, Karakostas
E, Tseleni-Balafouta S, Kouraklis G. Association of
intraoperative neuromonitoring with reduced recurrent laryngeal nerve injury in patients undergoing
total thyroidectomy. JAMA Otolaryngol Head Neck
Surg. 2016;142:994–1001.
6. Wojtczak B, Sutkowski K, Kaliszewski K, Głód
M, Barczyński M. Experience with intraoperative
neuromonitoring of the recurrent laryngeal nerve
improves surgical skills and outcomes of nonmonitored thyroidectomy. Langenbeck's Arch Surg.
2017;402:709–17.
7. Calò PG, Medas F, Conzo G, Podda F, Canu GL,
Gambardella C, et al. Intraoperative neuromonitoring
in thyroid surgery: is the two-staged thyroidectomy
justified? Int J Surg. 2017;41(Suppl 1):S13–20.
8. Lombardi CP, Carnassale G, Damiani G, Acampora A,
Raffaelli M, De Crea C, et al. “The final countdown”:
is intraoperative, intermittent neuromonitoring really
useful in preventing permanent nerve palsy? Evidence
from a meta-analysis. Surgery. 2016;160:1693–706.
9. Brajcich BC, McHenry CR. The utility of intraoperative nerve monitoring during thyroid surgery. J Surg
Res. 2016;204:29–33.
10. Randolph GW, Kamani D. Intraoperative electrophysiologic monitoring of the recurrent laryngeal
nerve during thyroid and parathyroid surgery: experience with 1,381 nerves at risk. Laryngoscope.
2017;127:280–6.
11. Anuwong A, Lavazza M, Kim HY, Wu CW, Rausei S,
Pappalardo V, et al. Recurrent laryngeal nerve man-

12.

13.

14.

15.

16.
17.

18.

19.

169

agement in thyroid surgery: consequences of routine
visualization, application of intermittent, standardized and continuous nerve monitoring. Updat Surg.
2016;68:331–41.
Stopa M, Barczyński M. Prognostic value of intraoperative neural monitoring of the recurrent laryngeal nerve in thyroid surgery. Langenbeck's Arch
Surg. 2016;402:957–64. https://doi.org/10.1007/
s00423-016-1441-0.
Fontenot TE, Randolph GW, Setton TE, Alsaleh
N, Kandil E. Does intraoperative nerve monitoring reliably aid in staging of total thyroidectomies?
Laryngoscope. 2015;125:2232–5.
Sitges-Serra A, Fontané J, Dueñas JP, Duque CS,
Lorente L, Trillo L, et al. Prospective study on loss of
signal on the first side during neuromonitoring of the
recurrent laryngeal nerve in total thyroidectomy. Br J
Surg. 2013;100:662–6.
Hydman J, Björck G, Persson JK, Zedenius J,
Mattsson P. Diagnosis and prognosis of iatrogenic
injury of the recurrent laryngeal nerve. Ann Otol
Rhinol Laryngol. 2009;118:506–11.
Mattsson P, Hydman J, Svensson M. Recovery of
laryngeal function after intraoperative injury to the
recurrent laryngeal nerve. Gland Surg. 2015;4:27–35.
Henry BM, Graves MJ, Vikse J, Sanna B, Pękala
PA, Walocha JA, et al. The current state of intermittent intraoperative neural monitoring for prevention
of recurrent laryngeal nerve injury during thyroidectomy: a PRISMA-compliant systematic review of
overlapping meta-analyses. Langenbeck's Arch Surg.
2017;402:663–73.
Bergenfelz A, Salem AF, Jacobsson H, Nordenström
E, Almquist M, Steering Committee for the
Scandinavian Quality Register for Thyroid,
Parathyroid and Adrenal Surgery (SQRTPA). Risk of
recurrent laryngeal nerve palsy in patients undergoing thyroidectomy with and without intraoperative
nerve monitoring. Br J Surg. 2016;103:1828–38.
Schneider R, Lorenz K, Sekulla C, Machens A,
Nguyen-Thanh P, Dralle H. Surgical strategy during
intended total thyroidectomy after loss of EMG signal
on the first side of resection. Chirurg. 2015;86:154–63.

Part II
Thyroid Cancer

Preoperative Cervical USG
Mapping in a Patient Undergoing
Thyroidectomy for Malignant
Cytological Findings

28

Seyfettin Ilgan

Abstract

Papillary thyroid carcinoma has a propensity
for early spread to regional lymph nodes but a
low incidence of distance metastases. Cervical
lymph nodes are involved in 20–60% of
patients in most series using standard pathologic techniques. Although lymph node metastases are more common with increased tumor
size and extrathyroidal extension, it may be
present with small, intrathyroidal tumors.
Since the lymph node metastases are the most
common independent risk factor for persistent
and recurrent disease, identification and
removal of the locoregional disease remains
an essential component of initial surgical
treatment. Hence, optimal management of
thyroid cancer is highly dependent on accurate
staging of the extent of disease before surgery.
It is known that preoperative physical examination is inadequate for the detection of cervical lymph node metastases in both lateral and
central compartments and preoperative staging and follow-up should depend on better
diagnostic tools in patients with thyroid cancer. Neck ultrasound is generally considered
to be the most sensitive imaging modality to
assess the primary tumor and identify lymph
node metastases. Though sonography is
S. Ilgan
Department of Nuclear Medicine, Güven Hospital,
Ankara, Turkey

becoming widely accepted as the technique of
choice for staging papillary thyroid carcinoma, assessment of lymph nodes is more
challenging compared to thyroid nodule evaluation. While missed findings on preoperative
USG may lead to understaging and inadequate
surgical management, excessively skeptical
reporting of nodal findings may result in submission of the majority of patients to fine needle aspiration biopsy, causing anxiety and
extended preoperative workup with many
unnecessary biopsies.

28.1

Case Presentation

A 46-year-old man presented to our hospital for
consideration of treatment for newly diagnosed
papillary thyroid carcinoma. A suspicious palpable nodule had been found on physical examination and neck sonography ordered for further
evaluation in a local hospital. Neck sonography
had confirmed that palpable nodule was a solitary
solid hypoechoic nodule in the right thyroid lobe
sized 11 mm in largest diameter. No abnormal
lymph node had been appreciated on the nodal
survey, and fine needle aspiration biopsy of nodule had been recommended which was turned out
to be papillary thyroid carcinoma later on. He
was euthyroid and had no history of radiation
exposure or family history of thyroid disease.
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The patient was seen by a local general surgeon,
who offered a near-total thyroidectomy to him.
He came to our center to discuss over whether
active surveillance and lobectomy also could be
suitable alternatives for him. Given the cytological and ultrasonographic (USG) findings, he was
a candidate for lobectomy with intraoperative
node assessment according to our institutional
approach of multidisciplinary endocrine tumor
board.
A comprehensive USG of the neck was performed by an experienced neck sonographer of
the multidisciplinary team as a routine part of
our preoperative workup. A 12 mm single, solid
hypoechoic nodule with irregular margins and
several internal punctate echogenic foci possibly
representing microcalcifications (psammoma
bodies) was found in the inferior and medial part
of the right thyroid lobe highly suggestive of pri-

a

mary thyroid malignancy (Fig. 28.1). Though
nodule was close to thyroid capsule on the tracheal face, a thin intervening normal thyroid tissue was appreciated between the nodule and
thyroid capsule excluding gross extrathyroidal
extension (ETE). Thyroid echo was slightly
decreased with linear echogenic bands suggesting chronic thyroiditis. In addition, a 27 × 9 mm
enlarged lymph node containing microcalcifications and showing chaotic vascularity on color
Doppler imaging was seen at the level of right
carotid bifurcation (Fig. 28.2). Although not as
typical as this one, a 10 × 7 mm ill-defined lymph
node, showing a few punctate echogenic foci and
increased vascularity, was detected behind the
internal jugular vein in the level IV (Fig. 28.3).
Both lymph nodes were highly suggestive of
nodal metastases. On further surveillance, a
9 × 6 mm hypervascular lymph node, which is

b

Fig. 28.1 Axial (a) and longitudinal (b) sonograms of the right thyroid lobe show hypoechoic solid nodule with irregular margins (arrows). SM strap muscles, Tr trachea
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Fig. 28.2 Longitudinal (a) and axial (b) images of level
II lymph node (thick arrows) containing microcalcification (thin arrows). On color Doppler image (c), lymph

node shows peripheral and chaotic vascularization.
Metastatic nature of lymph node confirmed by FNAB and
Tg washout. ICA internal carotid artery, ECA external
carotid artery

hardly noticeable among the central fatty tissue,
was also seen in the deep pretracheal area while
neck hyperextended (Fig. 28.4). None of these
lymph nodes were respected during the first neck
USG which has been done before cytological
diagnosis. Cytological findings and Tg washout
of the dominant suspicious lymph node in right
segment II confirmed papillary carcinoma

metastasis. Under the light of these new findings,
he was scheduled for total thyroidectomy with
right functional neck dissection and bilateral
therapeutic central compartment dissection.
Lateral and central neck dissection was carried
out as a comprehensive compartment dissection
including right levels II, III, and IV and central
neck (level VI).
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a

Fig. 28.3 (a) Axial USG image of level IV lymph node
(thick arrows) behind the internal jugular vein image
showing a few microcalcification (thin arrows). (b)

a

b

Lymph node shows chaotic and peripheral vascularization
on color Doppler image. SCM sternocleidomastoid muscle, IJV internal jugular vein, CCA common carotid artery

b

Fig. 28.4 (a) Axial sonogram of the central lymph node located in the pretracheal soft tissue (arrows). (b) Despite
small size lymph node shows pathologic vascularization. RBCA right brachiocephalic artery, Tr trachea

The final pathology report presented a 1.2 cm
classical variant of papillary thyroid carcinoma
(PTC) with lymphovascular invasion in the right
lobe (Fig. 28.5). There was no evidence of
ETE. Background lymphocytic thyroiditis was

present. Lateral cervical dissection revealed 4
metastatic nodes out of 20 resected, largest being
biopsied one and having a size of 2.5 cm. There
were three out of seven lymph node metastases in
central compartment dissection material also,
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component of initial surgical treatment. Hence,
optimal management of thyroid cancer is highly
dependent on accurate staging of the extent of
disease before surgery.

28.2.1 Evaluation and Diagnosis

Fig. 28.5 Surgical specimen of the same patient containing white, solid, firm tumor (arrows) with irregular margins sized 1.2 cm in greatest diameter in the right lobe

largest size 0.7 cm. None of the metastatic lymph
nodes showed extranodal extension. The clinicopathologic stage of disease in our case was interpreted as follows:
–– T1aN1bMx (Stage I) per the AJCC/TNM VIII
system [1] (it was Stage IVa previously [2])
–– American Thyroid Association (ATA 2015)
intermediate risk of recurrence [3]

28.2

Discussion

PTC has a propensity for early spread to regional
lymph nodes but a low incidence of distance
metastases. Cervical lymph nodes are involved in
20–60% of patients in most series using standard
pathologic techniques [4–6]. Although lymph
node metastases are more common with increased
tumor size and extrathyroidal extension, it may
be present with small, intrathyroidal tumors [7].
Since the lymph node metastases are the most
common independent risk factor for persistent
and recurrent disease, identification and removal
of the locoregional disease remains an essential

It is known that preoperative physical examination
is inadequate for the detection of cervical lymph
node metastases in both lateral and central compartments, and preoperative staging and follow-up
should depend on better diagnostic tools in patients
with thyroid cancer. Neck USG is generally considered to be the most sensitive imaging modality
to assess the primary tumor and identify lymph
node metastases [8]. Though sonography is becoming widely accepted as the technique of choice for
staging papillary thyroid carcinoma, assessment of
lymph nodes is more challenging compared to thyroid nodule evaluation. While missed findings on
preoperative USG may lead to understaging and
inadequate surgical management, excessively
skeptical reporting of nodal findings may result in
submission of the majority of patients to FNAB,
causing anxiety and extended preoperative workup
with many unnecessary biopsies.
The accuracy of preoperative USG for the
assessment of lateral compartment node metastases is well documented. Preoperative ultrasound
has a reported sensitivity of 70–94% and specificity of 80–84% for the detection of lateral cervical lymph node metastases [9, 10]. However, its
role in the identification of central compartment
node metastases is more limited. The existence of
thyroid gland, multinodular goiter, patients with
short neck and limited extension, and poor ultrasound penetration due to obesity could be counted
among the reasons why most false-negative USG
results occurred in the central neck compartment.
The existence of chronic lymphocytic thyroiditis
could also affect the evaluation of central compartment since it is frequently associated with
lymph node enlargement in the central compartment. However, preoperative USG may still play
a role in the assessment of central compartment
with high specificity (95%) and acceptable sensitivity (52%) [11].
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The overall USG appearance of metastatic
lymph nodes is usually abnormal, though micrometastases cannot be excluded in a sonographically normal lymph node. Normal and reactive
lymph nodes have an echogenic hilus and tend to
be hypoechoic compared with surrounding muscles and oval in shape. On color/power Doppler
imaging, normal cervical nodes show either hilar
vascularity or appear avascular, and reactive
nodes predominantly show hilar vascularity.
USG criteria used for differential diagnosis of
metastatic lymph nodes include location, size,
shape and border, echogenicity, loss of echogenic
hilus, cystic changes, the presence of punctate
calcification, and peripheral or mixed vascularity
[12]. Each criterion is explained below briefly:

28.2.1.1 Location
Lymphatic flow is not a random process and follows certain patterns. Therefore, the location of
the lymph nodes may also be useful for management. Most commonly first nodal metastases will
be in the pre- and paratracheal region (level VI)
followed by in levels III and IV, ipsilaterally [13].
Exceptionally, tumors arising in the upper pole of
the thyroid have a higher tendency to demonstrate skip metastases to levels III and II [14].
28.2.1.2 Size
In general, larger nodes tend to have a higher
incidence of malignancy, although reactive nodes
can be as large as metastatic ones [15]. Different
cutoffs of the nodal size have been proposed to
differentiate reactive and metastatic nodes
between 5 and 10 mm. Selecting lower cutoff
value results in increased diagnostic sensitivity
but decreased specificity and vice versa. Size criteria for cervical lymph node metastasis have yet
to be determined. However, increasing nodal size
on serial examinations in a patient with a history
of thyroid carcinoma could be more important.
28.2.1.3 Shape and Borders
Metastatic nodes tend to be round in shape (shortaxis to long-axis ratio >0.5), while normal or
reactive lymph nodes are elliptical. Since the normal submandibular and parotid lymph nodes are
round in shape, it should not be used as the sole
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criterion of nodal evaluation. Regardless of size,
eccentric cortical thickening of lymph nodes,
which is thought to be focal tumoral infiltration,
should be alerting sign for metastases [16].
Metastatic lymph nodes generally have welldefined borders but may demonstrate ill-defined
borders also. The nodal border itself is therefore
not a reliable sign in the differential diagnosis.
However, the presence of unclear margins and
perinodal edema in a lymph node with suspicious
USG findings strongly suggests extracapsular
extension [16].

28.2.1.4 Echogenicity
Metastatic lymph nodes from papillary thyroid
carcinoma may show increased echogenicity
resembling thyroid echo, which is related to
intranodal deposition of thyroglobulin. This USG
feature is highly specific for thyroid origin of
metastasis if it exists. On the contrary, most of the
metastatic nodes are predominantly hypoechoic,
irrespective of the primary origin of malignancy
[15].
28.2.1.5 Loss of Echogenic Hilus
Most of the normal or reactive lymph nodes with
a maximum transverse diameter larger than 5 mm
will show a hilus, which is a linear, echogenic,
non-shadowing structure containing nodal vessels. Metastatic nodes usually do not show an
echogenic hilus. Despite high sensitivity, the
presence or absence of echogenic hilus cannot be
used as the single criterion in the differential
diagnosis of cervical lymph nodes.
28.2.1.6 Cystic Changes
Cystic changes in a lymph node represent intranodal necrosis (cystic necrosis or coagulation
necrosis) and should be regarded pathologic
regardless of nodal size [15]. The existence of
intranodal necrosis is highly suggestive of metastasis, although it could be found in tuberculosis
nodes as well.
28.2.1.7 Punctate Calcification
Punctate calcifications are one of the most valuable signs of PTC representing psammomatous
microcalcifications. Studies show that majority
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of such foci are found in benign nodules and represent sonographic artifacts at the back walls of
microcystic areas or colloid crystals [17].
Metastatic lymph nodes from papillary thyroid
carcinoma may also show microcalcifications,
though it is quite uncommon for normal or reactive lymph nodes. Like the increased echo, the
existence of microcalcification within lymph
node is considered highly suggestive of metastases from papillary thyroid carcinoma [12].
Although the incidence is substantially lower
than papillary carcinoma, metastatic lymph
nodes from medullary thyroid carcinoma may
also contain micro- or macrocalcifications [15].

method is particularly valuable when the lymph
nodes are cystic, aspirate is nondiagnostic or
cytological, and sonographic findings are conflicting. Contrary to serum Tg measurements,
FNA measurement of Tg is not prone to interference from anti-Tg autoantibodies, which commonly cause falsely low serum Tg measurements.
Tg washout technique is not generally recommended in the central compartment when the thyroid gland is present due to possible contamination
from thyroid gland [3].

28.2.1.8

According to our postoperative risk stratification
and RAI decision protocol, T4 suppression
started after operation for 3 weeks and stopped
for another 3 weeks to check stimulated thyroglobulin (Tg) levels. At 6-week follow-up, TSH
was 66 μIU/mL, and Tg level was 0.156 ng/mL
without Tg antibodies. Neck USG was unremarkable. Based on the excellent response to initial
therapy, follow-up without RAI ablation was recommended to him by our endocrine tumor board.
The use of adjuvant RAI therapy in ATA intermediate-risk patients is not the standard approach, and
selective use is recommended according to individual risk assessment [3]. Postoperative Tg values
could be one of the most useful prognostic tools
along with the neck USG that can be used to guide
decisionmaking. Postoperative Tg values are
expected to reach its nadir 3–4 weeks after the operation [18]. It has been reported that a nonstimulated
postoperative Tg < 1 ng/mL was associated with
excellent clinical outcomes and recurrence rates
<1% in ATA low- and intermediate-risk patients that
did not receive RAI remnant ablation [19]. Therefore,
postoperative serum Tg combined with neck USG
could provide critical information to decide on adjuvant RAI treatment.

 eripheral or Mixed
P
Vascularity
On Doppler USG, most of the normal lymph
nodes with a maximum transverse diameter
larger than 5 mm will show either hilar vascularity or appear as avascular [15]. On the other hand,
peripheral or mixed (both hilar and peripheral)
vascularity, which is believed to be related to
tumor infiltration, is considered pathologic.
Sonographic classification of cervical lymph
nodes is straightforward in patients with known
or suspected malignancy, if lymph nodes show
highly specific USG features like cystic changes,
microcalcification, increased echo, or pathologic
vascularization. Unfortunately, these USG features are not sensitive enough, and most of the
suspicious lymph nodes will show weak criteria
like loss of echogenic hilus or increased size.
Therefore, USG evaluation of cervical lymph
nodes is not just an imaging study and should be
done in light of all available laboratory and clinical data. Clinical risk factors for lymph node
metastases such as tumor size, multifocality, thyroid capsule invasion, ETE, poor prognostic histopathologic type, male gender, or pediatric age
should also be used for decisionmaking [15].
Cervical lymph nodes with a suspicious sonographic feature warrant further workup with
FNAB and Tg in needle washout. Though there is
no standardization of Tg washout procedures
including diluent type and volume, Tg values in
needle washout are generally found unquestionably high compared with the serum levels. The

28.2.2 Management

28.3

Follow-Up and Outcome

Six months after the surgery, serum Tg was undetectable under suppression therapy, and USG of
the neck did not show any suspicious lymph node
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in central and lateral neck, compatible with clinical remission. He has been scheduled for annual
Tg and neck USG.

4.

What Can We Learn from This Case?

• USG evaluation of patients with known
or suspected malignancy should always
include bilateral cervical lymph node
compartments (levels I–VI) to guide a
complete resection of the primary tumor
and affected lymph nodes.
• Preoperative USG evaluation should be
done in light of all available data including laboratory and pathology results
with a clinical perspective.
• Cystic changes, microcalcification,
increased echo, and peripheral or mixed
vascularity are highly predictive of
lymph node metastasis in patients with
known
or
suspected
thyroid
malignancy.
• Lateral cervical lymph nodes with a suspicious sonographic feature warrant further workup with FNAB and Tg
measurement in needle washout.
• Adjuvant RAI therapy would not be
necessary for ATA intermediate-risk
patients with excellent response to initial therapy. Follow-up without RAI
ablation could be an acceptable alternative in patients with low Tg values and
normal neck USG.
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Abstract

Papillary thyroid carcinoma (PTC) is the most
common thyroid cancer subtype and constitutes 80% of all thyroid malignancies. PTC
lesions that are 1 cm or less in size are defined
as “papillary thyroid microcarcinoma”
(PTMC). The incidence of occult PTC cases
detected on autopsy series is very high, ranging from 10 to 35%. With the increased use of
diagnostic imaging modalities, the detection
rate of thyroid cancer is increasing worldwide.
Both PTC and PTMC have good prognosis.
Due to indolent nature of the disease, especially in PTMC cases, both the extent of the
initial surgery and the need for RAI treatment
remain controversial.
In this section, two cases are presented.
One of them is a PTC with lymph node metastases, and the other is a PTMC case with multifocal disease.
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29.1

Case Presentation

29.1.1 Case 1
A 62-year-old female patient with known
Hashimoto thyroiditis and a 3 cm thyroid nodule with benign cytology underwent a routine
neck thyroid ultrasonography (USG) in 2012.
Besides heterogeneous echotexture related to
Hashimoto’s disease and the known benign
nodule in the right thyroid lobe, a new, 10 × 8
mm, hypoechoic nodular lesion with microcalcifications and lobulated margins was observed
in left thyroid lobe. The nodule had peripheral
and internal vascular flow on Doppler evaluation. Additionally, an 8 × 5 mm lymph node
located on the medial border of the internal
jugular vein was also detected. Both the thyroid
nodule in the left lobe and the lymph node were
reported as highly suspicious for malignancy.
The patient underwent total thyroidectomy and
central lymph node dissection. Histopathological
analysis of the nodule revealed a 1.2 cm thyroid
papillary carcinoma, classical variant with
intrathyroidal infiltrations. The tumor was
located near the thyroid capsule, but there was
no sign of capsular or vascular invasion. Among
seven lymph nodes dissected, four of them were
found to be metastatic. Three of four metastatic
nodes were micrometastasis (tumor deposit
<2 mm). According to AJCC 7th Edition/TNM
Classification System Differentiated Thyroid
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Carcinoma, the patient was classified as stage
III (T1aN1aM0, patient age ≥45).
Four weeks after surgery, without starting
thyroxine (T4) replacement, laboratory tests
and thyroid scan with Tc99m pertechnetate
were performed. Thyroid-stimulating hormone
(TSH) level was 124 μIU/mL (normal range,
0.35–5.50 μIU/mL), and thyroglobulin (Tg)
level was 1.24 ng/dL. Anti-Tg antibody was
<20 IU/mL. Thyroid scan showed residual thyroid tissue at pyramidal lobe location. The
patient underwent high dose (150 mCi) radioactive iodine (RAI) therapy. Whole-body
images obtained at the tenth day of the RAI
treatment were in concordance with Tc99m
pertechnetate scintigraphy and showed a small
residual thyroid tissue in pyramidal lobe location. No additional focus suggesting metastatic
involvement was detected. Since the patient
had metastatic disease, thyroxine replacement
was started at TSH suppression dose (TSH
level < 0.1 μIU/mL).

29.1.2 Case 2
A 32-year-old female patient underwent total
thyroidectomy due to multinodular goiter in
2002. Histopathological analysis showed three
incidental foci of papillary microcarcinoma,
classical variant. Lesions were 2, 3, and 5 mm
in diameter. There was no sign of capsular or
lymphovascular invasions. According to the
AJCC 7th Edition/TNM Classification System
Differentiated Thyroid Carcinoma, the patient
was classified as stage I (T1N0M0, patient
age < 45). Postoperative laboratory data
obtained 4 weeks after the surgery was as follows: TSH, 120 μIU/mL, and Tg, 1.1 g/
dL. Anti-Tg antibody was <20 IU/mL. Since
histopathological characteristics of the tumor
were favorable, and the patient was at the
childbearing age, tumor board decision was in
favor of follow-up instead of RAI therapy.
Thyroxine replacement was started at a dose
targeting TSH level below normal limits (TSH
level < 0.1 μIU/mL).

29.2

Discussion

Papillary thyroid carcinoma (PTC) is the most
common thyroid cancer subtype and constitutes
80% of all thyroid malignancies [1]. Among
environmental, genetic, and hormonal etiological
factors, radiation exposure is the best-defined
factor for the development of PTC [2]. Although
thyroid cancers account for less than 1% of all
cancers, the incidence of occult PTC cases
detected on autopsy series is very high, ranging
from 10 to 35% [3]. The incidence of PTC is
known to increase worldwide [3]. A significant
proportion of this increase is due to the rise in the
detection rate of these occult and relatively small
lesions. Incidental lesions which are diagnosed
histopathologically in a patient operated for
benign thyroid disease are much more common
when compared with patients having symptomatic thyroid cancer. Most of the PTC have excellent prognosis [4]. Patient age exceeding 45 years,
the presence of lymph node metastasis, significant extrathyroidal extension, and aggressive histological features are indicators of relatively poor
outcome [5–7].
According to the World Health Organization
(WHO) histologic classification, “papillary thyroid microcarcinoma” (PTMC) is described as a
lesion 1 cm or less in size. PTMC is more frequent in females and young people (<45 years
old). Multifocal disease and regional lymph node
metastasis are common [8]. PTMC is known to
have a very good prognosis with disease-specific
mortality rate lower than 1% [9].
The general approach in the management differentiated thyroid cancers consists of adequate
surgery that may be followed by RAI treatment
and TSH suppression as adjuvant therapies.
However, due to indolent nature of the disease
especially in PTMC cases, both the extent of the
initial surgery and the need of RAI treatment
remain controversial. In the light of cumulative
data, recommendations of guidelines and expert
opinions evolve to a more conservative approach.
One of the studies justifying the use of conservative approach is performed by Ito et al. The study
is conducted on 1235 patients having PTMC
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lesions which are not accompanied by sign of
lymph node metastasis on ultrasonography,
located far from trachea and recurrent laryngeal
nerve, and not having progressive signs on follow-up showed that most of the patients will not
need surgery since only a small proportion developed lymph node metastasis (1.7% in 5 years and
3.8% in 10 years follow-up) or tumor size
progression exceeding 3 mm (5% in 5 years and
10% in 10 years) [10].
The 2009 American Thyroid Association
(ATA) risk stratification system that is predicting recurrent and/or persistent disease risk has
been modified in 2015 regarding the definition
of low risk to include small-volume lymph
node metastases (clinical N0 or ≤5 pathologic
N1 micrometastases, <0.2 cm in largest dimension), intrathyroidal well-differentiated follicular cancer with capsular or minor vascular
invasion (<4 vessels involved), and intrathyroidal papillary microcarcinomas having BRAF
wild-type or BRAF mutations [9, 11]. In the
modified version of the guideline, intermediate
risk is defined as clinical N1 or >5 pathologic
N1 with all involved lymph nodes <3 cm in
largest dimension.
Primary tumor characteristics of Case 1 presented in this section remain in low-risk group
both before and after modification since the
lesion is intrathyroidal without vascular invasion. However, when lymph node status is considered, our case which was classified as
intermediate risk in 2009 ATA risk stratification
system shifts to a place between low- and intermediate-risk group. Although for patients with
ATA intermediate- or low-risk DTC, RAI therapy is not considered as necessary, the impact of
RAI treatment in improving patient outcome
especially in older age, unfavorable histological
subtypes, and lymph node metastasis particularly when located in outside of central neck
should be considered.
As seen in Case 2, multifocality of PTMC is
a frequent finding [12]. Although some earlier
reports support the benefit of radioiodine therapy in PTMC especially in multifocal lesions,
currently, in American Thyroid Association
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(ATA) guideline, both unifocal and multifocal
PTMC are included in low-risk group even in
the presence of BRAFV600E mutation [9, 13,
14]. The ATA guideline summarizes molecular
characteristics that cause a less favorable prognosis in PTMC patients as the coexistence of
BRAF mutations with other oncogenic mutations like PIK3CA, AKT1, and also the presence of TERT promoter, TP53 mutations [9].
Tumor characteristics that cause risk group
modification toward intermediate risk are
aggressive histology including tall cell variant,
hobnail variant and columnar cell carcinoma,
and multifocal papillary microcarcinoma with
extrathyroidal extension.
Hashimoto’s thyroiditis (HT) is a common
autoimmune disease leading to hypothyroidism and therefore elevated TSH levels. As in
Case 1, co-occurrence of HT and PTC is frequently seen. Although the effect of HT on
PTC development is still unclear, there are
studies showing significantly increased PTC
incidence in HT patients with elevated TSH
levels [15].
Another point with the coexisting HT in a
PTC patient is the fact that Anti-Tg antibodies
existing in HT patients may interfere and diminish the reliability of Tg measurements [16].

29.3

Follow-Up and Clinical
Course

29.3.1 Case 1
After 8 months following RAI therapy, a radioiodine scan was performed with thyroxine (T4)
withdrawal. No residual functioning thyroid tissue was detected on I-131 whole-body scan.
Currently, the patient is in her sixth year of follow-up. Yearly performed neck USGs did not
show any sign of recurrence. Tg levels measured
every 6 months while on thyroxine replacement
are <0.9 ng/dL. Starting from fourth year of the
diagnosis, thyroxine dosage was gradually
decreased targeting TSH level within low reference range (0.5–2 μIU/mL).
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29.3.2 Case 2
Currently, the patient is in her fifteenth year of
follow-up. Neck USGs performed yearly, and nonstimulated Tg measurements show no evidence of
recurrence. Starting from the second year of the
diagnosis, thyroxine dosage has been set to target
TSH level between 0.5 and 2 μIU/mL.

What Can We Learn from This Case?

• Lymph node metastasis is frequently
seen in PTC even in patients with small
tumors. However, life expectancy is still
very high in this group of patients.
• Even in the presence of metastatic
lymph nodes in central neck area, PTC
cases bear low risk for recurrent or persistent diseases.
• Multifocality is frequently seen in
PTMCs. Patients with multifocal disease are still considered in the low-risk
group for development or persistence of
disease following surgery.
• Coexistence of Hashimoto’s thyroiditis
and PTC is high. In patients having elevated Anti-Tg antibodies, the reliability
of Tg measurements can be diminished.
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A Patient Presented with Extensive
Lung Metastases of Papillary
Thyroid Carcinoma Without Any
Primary Focus Detected on Total
Thyroidectomy

30

Tevfik Fikret Çermik and Nurhan Ergül

Abstract

The most common metastatic sites of differentiated thyroid cancer (DTC) are the lung and
bone after lymph nodes. A newly defined type
of occult DTC is consistent with metastatic
disease without an identified primary malignancy in the thyroid gland after total resection.
We present a patient with multiple lung metastases of occult DTC showing mild
18
F-fluorodeoxyglucose (FDG) uptake and
intense radioiodine uptake without a primary
lesion in the thyroid gland.

30.1

Case Presentation

A 68-year-old woman presented with cough and
chest pain. Thorax computerized tomography
(CT) examination revealed multiple non-calcified nodular lesions suspected of metastases. The
patient underwent 18F-fluorodeoxyglucose positron emission tomography/computerized tomography
(FDG
PET/CT)
for
metabolic
characterization of nodules and localization of a
possible primary malignancy (Fig. 30.1). Mild
FDG uptake was observed in lung nodules
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(SUVmax = 1.9) and reported as nonspecific/
inflammatory lesions. There was a peripherally
calcified nodular lesion in the posterior region of
the right thyroid lobe approximately 2 cm in
diameter having FDG uptake at background levels. A wedge resection from the lung demonstrated metastasis of follicular variant of papillary
thyroid carcinoma. Bilateral total thyroidectomy
operation was performed upon this finding. The
histopathological examination showed adenomatous hyperplasia in both thyroid lobes and no
finding of malignancy. The patient was treated
with 200 mCi I-131 for lung metastases. The
whole-body scan after therapy showed intense
radioiodine uptake in lung nodules and mediastinum (Fig. 30.2). The thyroglobulin (Tg) level
was 2462 ng/mL before radioiodine therapy.
Three months after the therapy, Tg level decreased
to 17.6 ng/mL. The patient was under l-thyroxine therapy with suppressed TSH levels. A control 18F-FDG PET/CT scan was performed after
9 months of therapy (Fig. 30.3). Most of the lung
nodules that were detected in first PET/CT study
were regressed both in size and FDG uptake, and
some of them were not visualized anymore. At
this time, Tg level was 2.56 ng/mL, and second
cure of radioiodine therapy was administered.
The whole-body scan after 200 mCi I-131 administration did not show any pathologic uptake in
the thyroid region, lungs, and other parts of the
body, and the patient was ablated (Fig. 30.4).
After 2 months of radioiodine therapy, Tg level
was 0.06 ng/mL under TSH suppression.
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Fig. 30.1 Mild FDG uptake in lung nodules and no pathological uptake in the thyroid nodule in the right lobe

30.2

Discussion

Differentiated thyroid cancer (DTC) referring to
papillary and follicular carcinoma is usually
characterized by good prognosis. The incidence
of the distant metastatic disease has been reported
to be 7–23% after initial treatment and 1–9% at
first presentation before any treatment [1]. The
lung and bone are the most common metastatic
sites of DTC after lymph nodes [2]. A retrospective study with 49 patients having distant metastases at the presentation of thyroid carcinoma
revealed 3-year and 5-year survival rates of 69%
and 50%, respectively. The 3-year survival rates
were better for patients aged ≤45, with lung-only
versus bone-only metastasis, having papillary
versus follicular carcinoma and iodine-avid disease versus non-avid [1].
Occult thyroid carcinoma (OTC) is usually
considered as similar to papillary microcarcinoma. The tumor is either detected incidentally
after total thyroidectomy for benign disease or at
autopsy. In some cases, the patient is presented

with apparent metastases of thyroid carcinoma,
and the malign lesion is detected in the pathological examination of total thyroidectomy material.
Liu et al. have defined a new group of OTC that
presented with metastases of thyroid carcinoma
at cervical lymph nodes or distant sites; however,
the primary malign lesion is not detected in total
thyroidectomy specimen. They reported a patient
with lymph node metastasis of thyroid carcinoma
and no malignity found in the thyroid gland after
total thyroidectomy [3]. Our patient seems to be
belonging to this group with lung metastases of
thyroid carcinoma having no primary at thyroid
gland. Borsò et al. also reported a case with disseminating bone metastases of DTC; however,
primary malign focus was not detected in thyroidectomy [4]. Xu et al. have recently reported
seven cases with this phenomenon having cervical lymph node metastases from thyroid cancer
without an identifiable malign lesion in the thyroid gland. A papillary carcinoma phenotype was
found in all cases, and most of them were
BRAFV600E-positive tumors [5].

30 Thyroid Carcinoma With Extensive Lung Metastases

Fig. 30.2 Whole-body scan after 200 mCi radioiodine
therapy; intense uptake in lung nodules and mediastinum
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The lung is a common organ for metastasis
from various tumor types. Pulmonary metastases
of thyroid carcinoma are often seen as micronodular or miliary spread throughout both lungs.
However, solitary nodular metastasis from thyroid cancer is also reported [6]. In a retrospective
study with 75 patients having pulmonary metastases from DTC in different patterns like nodular,
diffuse, or combined, it was reported that the
treatment responses were not significantly different between patients with varying types of metastasis. However, there was a significant difference
between patients with different types of tumor,
papillary versus follicular thyroid carcinoma [7].
The initial size of the lung metastasis was also
reported to be a significant prognostic factor
revealing that patients having macronodular
metastases (≥1 cm) had significantly poor treatment responses and disease progression irrespective of radioiodine avidity [8].
The first-line therapy for patients having pulmonary metastases from DTC should be I-131
therapy, as long as the metastases are iodine-avid
[9–11]. Song et al. reported the therapy responses
and prognostic factors in 372 patients with pulmonary metastases from DTC that received
radioiodine therapy. Among patients with iodineavid pulmonary metastases (68.8%), 60.9%
showed a significant decrease in serum Tg levels
after I-131 therapy and 60.3% showed a reduction in the size of pulmonary metastases on
CT. In only 24.2% of patients, a complete cure

Fig. 30.3 FDG PET/CT after radioiodine therapy; lung nodules are regressed; some of them are not visualized
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Fig. 30.4 Whole-body scan after the second cure of
200 mCi radioiodine therapy; no uptake in lung nodules
and mediastinum

was achieved. The significant independent variables between the groups of iodine-avid and nonavid groups were age, the presence of multiple
distant metastases, and pulmonary metastatic
nodule size; the patients under 40 years old with
lung-only metastatic disease and micronodular or
miliary metastases seemed to have favorable out-
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comes [9]. In another recent study with eight
patients, the overall effective rate of radioiodine
therapy for lung metastases of DTC was 72.5%.
This study showed that gender, pulmonary nodule size, the absence or presence of extrapulmonary distant metastases, age, and Tg level at
diagnosis were significantly associated with
I-131 therapy efficacy; older patients with higher
Tg levels at diagnosis and extrapulmonary distant
metastases more likely showed poor prognosis.
The optimal cutoffs for age and Tg level to predict therapy efficacy were reported to be 46 years
old and 55.50 ng/mL, respectively [10].
The contribution of PET/CT with different
radiolabelled agents to staging and follow-up of
thyroid cancer has been reported in many studies
up-to-date. 18F-FDG PET/CT is routinely used in
patients of DTC presenting with high Tg levels
and negative iodine scintigraphy (TENIS), and in
medullary thyroid carcinoma with elevated tumor
markers (calcitonin and carcinoembryonic antigen) detected after thyroidectomy. Another application of PET/CT in thyroid cancer is the use of
somatostatin analogs labeled with 68Ga-DOTA
compounds for evaluation of peptide receptor
radionuclide therapy for patients having noniodine-avid metastatic disease or considering the
heterogeneous behavior of metastatic lesions.
PET/CT with iodine-124 has also been reported
to be used for dosimetric studies to achieve an
individualized therapy [12]. As in many other
tumor types, intense uptake of 18F-FDG in primary lesion or metastases of DTC indicates a
rapidly dividing and dedifferentiated tumor and
poor prognosis [13]. In a study comparing the
efficacy of 18F-FDG PET/CT and PET/MRI in
patients with dedifferentiated thyroid cancer,
PET/CT was found to be superior to PET/MRI to
detect the pulmonary metastases, while for cervical status, they were equal when PET/CT is performed with contrast enhancement [14]. The
pathologic uptake in the thyroid gland or metastases associated with thyroid carcinoma may be
found incidentally in a 18F-FDG PET/CT scan
made for another known malignancy in other
parts of the body [15]. In our patient, the pulmonary metastatic nodules had shown mild 18F-FDG
uptake not reaching levels of malignancy,
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h owever, intense radioiodine uptake revealing the
good differentiation of the tumor and a favorable
outcome after radioiodine therapy.
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What Can We Learn from This Case?

• Occult thyroid carcinoma may present
with distant metastases without a primary lesion detected on total
thyroidectomy.
• Well-differentiated thyroid cancer metastases may show low 18F-FDG uptake
while they are intensely iodine-avid.
• I-131 therapy is the preferred therapy
for metastatic DTC as long as the metastases show iodine uptake.
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Thyrotoxicosis Caused
by Functioning Metastases
of Differentiated Thyroid Cancer
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Abstract

Differentiated thyroid cancer is a malignant
disease with favorable prognosis. The rate of
distant metastases is rare. In general, metastases of well-differentiated thyroid cancer carry
the main biological features of the thyroid
cells such as Na-I symporter gene expression
and thyroglobulin synthesis, since the cell
does not transfer to an undifferentiated form.
However, thyroid hormone synthesis by distant metastasis is uncommon. However, rarely
hyperfunctioning distant metastases from
DTC after total thyroidectomy can be seen
and may result in hyperthyroidism or euthyroidism. In this chapter, the clinical management of a patient presenting with thyrotoxicosis
due to hyperfunctioning bone metastases of
thyroid cancer is discussed.
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31.1

Case Presentation

A 54-year-old female patient was referred to our
Nuclear Medicine Department with a diagnosis
of bone metastases secondary to papillary thyroid
cancer for clinical management and the evaluation of radioiodine treatment. Two months ago,
she had undergone total hip replacement surgery
following femoral head fracture. On surgical
exploration, the fracture was recognized to be a
pathological fracture, and histopathological
examination revealed the metastases of papillary
thyroid cancer. On her past medical history, we
learned that she had undergone total thyroidectomy 10 years ago for multinodular goiter with a
missing pathology report.
On neck ultrasound, small foci of residual thyroid tissue were observed on thyroid bed, 1 cm in
size in the left lobe bed and 2 cm in the right lobe
bed. In addition, enlarged cervical and supraclavicular lymph nodes were detected. On thyroid
scan performed after the IV administration of
5 mCi Tc-99m pertechnetate, minimal uptake
was seen reflecting normal functioning residual
thyroid tissue. The patient was not receiving any
thyroid replacement medication. Her thyroid
function test results were as follows: free triiodothyronine (fT3) level of 8.4 pg/mL (reference
range, 2.50–4.30 pg/mL), free thyroxine (fT4)
level of 4.2 ng/dL (reference range, 0.90–1.70 ng/
dL), and thyroid-stimulating hormone (TSH)
level of 0.08 μIU/mL (reference range,
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0.35–5.00 μIU/mL). Serum thyroglobulin (Tg)
level was significantly elevated and measured as
19,000 ng/mL. Anti-thyroglobulin antibodies
(TgAb) were within normal ranges. Liver function tests (LFT) and complete blood counts
(CBC) were within normal ranges.
Antithyroid medication with propylthiouracil
(PTU), four times 50 mg/day, was administrated
to control thyrotoxicosis. Beta-blockers were
also given to better control symptoms.
To evaluate disease extent, computed tomography (CT) of the thorax, magnetic resonance
imaging (MRI) for the brain, bone scintigraphy,
and radioiodine whole-body scan (WBS) with
2 mCi of I-131 were performed. On WBS performed 48 h after the oral administration of I-131,
multiple sites of pathological uptake consistent
with bone metastases in the calvarium, ribs, vertebral colon, pelvic bones, hips, and bilateral
femurs were observed in addition to uptake in
residual thyroid tissue (Fig. 31.1). Increased
osteoblastic activity was detected on bone scintigraphy at the sites of iodine uptake on postsurgery radioiodine WBS. MRI was negative for
brain metastases. A pulmonary nodule was
detected on the right lung base on thorax CT. The
dose of PTU was increased to six times 50 mg/
day since TSH level was still low and FT3 was
still elevated. No abnormality was seen in serum
aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) levels on laboratory follow-up. External beam radiation therapy (EBRT)
was given to the left femur and lumbar spine to
palliate bone pain.
Then, the patient underwent completion thyroidectomy and bilateral neck dissection.
Histopathology was consistent with lymph node
metastases of papillary thyroid cancer.
Following surgery, I-131 treatment was
planned with a dose of 200 mCi when the patient
was still on antithyroid medication with
PTU. After hospitalization for I-131 treatment, a
careful physical examination and a detailed laboratory check including CBC, LFT, FT3, FT4,
serum TSH, Tg, and TgAb levels were performed.
CBC and LFT were normal. Serum Tg was elevated at 19700 ng/mL; TSH level was 0.37 μIU/
mL despite high doses of PTU. Premedication
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with oral corticosteroids and beta-blockers was
given starting a few days before iodine treatment.
Antithyroid medication was stopped the day
before the treatment. On the day of I-131 administration, short-acting steroids were administrated
intravenously to prevent a possible thyroid storm
resulting from the sudden release of preformed
hormones from destructed metastatic deposits. In
addition, antiemetics were administrated, and
careful hydration was performed. A dose of
200 mCi of I-131 was administrated orally.
Following treatment, the patient was kept in an
isolated room specially designed for radionuclide
therapy in our Nuclear Medicine Department. No
complication was seen during the hospitalization
period. On post-therapy WBS performed 4 days
after therapy, intense uptake was seen at the same
sites detected on postsurgery WBS performed
with low-dose I-131 (Fig. 31.2).
The patient was examined 15 days after the
administration of iodine. CBC, LFT, and thyroid
function tests were checked. Serum TSH level
was elevated at 15 μIU/mL; Tg level was
12,800 ng/mL. PTU dose decreased to three
times 50 mg daily, and steroid treatment was
stopped following gradual decrease of daily
administered dose. We planned the second control of the patient 1 month after radioiodine treatment. On her control visit, PTU was stopped
since TSH level increased to 28 μIU/mL. Serum
LFTs and CBC were within normal range. l-thyroxin replacement was planned to be administered depending on serum TSH level on
follow-up.
A second dose of 250 mCi was administered
9 months after the initial I-131 treatment dose.
On laboratory examinations, serum TSH, Tg,
FT3, and FT4 levels were 1.5 μIU/mL, 6065 ng/
mL, 2.98 pg/mL, and 0.97 ng/mL, respectively.
CBC was normal. The patient was not receiving
antithyroid medication, but serum TSH level was
within normal ranges due to hyperfunctioning
metastases. On patient preparation, corticosteroids, oral hydration, and antiemetics were given.
Recombinant human TSH (rhTSH) was not
administered to elevate serum TSH levels to prevent possible thyroid storm due to sudden efflux
of preformed thyroid hormone. On posttreatment
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Fig. 31.1 I-131
DxWBS after
administration of 2 mCi
radioiodine. Anterior
(left) and posterior
(right) whole-body scan
images acquired 48 h
after the oral
administration of 2 mCi
I-131 demonstrate
multiple sites of
pathological uptake
consistent with bone
metastases in the
calvarium, ribs, vertebral
colon, pelvic bones,
hips, and bilateral
femurs were observed in
addition to uptake in
residual thyroid tissue

scan, multiple sites of intense iodine uptake were
observed at the same sites seen on the posttreatment scan following the initial treatment.
However, the intensity was slightly lower compared to the initial uptake on some of the lesions
(Fig. 31.2).
On follow-up, serum TSH was within normal
ranges despite the considerable amount of radioiodine given. Serum Tg level was decreased to
1700 ng/mL. Radiological imaging demonstrated
partial response to treatment according to

RECIST criteria. Nine months after the second
radioiodine treatment, the third radioiodine treatment was given with 300 mCi. Serum TSH and
Tg were 10 μIU/mL and 1650 ng/mL, respectively. On posttreatment WBS, we observed a
significant decrease in the intensity, size, and
number of metastatic sites parallel to the decrease
in Tg levels (Fig. 31.2).
The fourth radioiodine treatment was administered 1 year after the last treatment following a
careful physical and laboratory examination
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Fig. 31.2 I-131 RxWBS after administration of successive doses of high dose radioiodine. Figure demonstrates
the post-therapy whole-body scan images of sequential
radioiodine treatments in years 2009, 2010, and 2011. On
the left column, post-therapy WBS after the initial radioiodine treatment with 200 mCi I-131 (serum TSH,
0.37 μIU/mL; Tg, 19700 ng/mL) in the year 2009 is
shown. Multiple sites of intense and pathological uptakes
are observed on the bone metastases similar to the diagnostic WBS. On the posttreatment WBS on the year 2010
(middle column, 250 mCi) and 2011 (right column,

300 mCi), significant decrease on the intensity, size, and
number of metastatic sites can be seen clearly. Serum Tg
levels gradually decreased from 19,700 ng/mL to 6065 ng/
mL in the year 2010 and finally to 1650 ng/mL in the year
2011. Serum TSH levels gradually increased from
0.37 μIU/mL under PTU treatment to 1.6 μIU/mL and
finally to 15 μIU/mL without antithyroid medication.
Both the elevation in TSH and decline in serum Tg demonstrate the appropriate treatment response to consecutive
radioiodine therapies

including CBC, full blood biochemistry, and thyroid function tests. On posttreatment WBS, we
observed the same sites of radioiodine uptake
with the same intensity with the previous posttreatment scan.

els remain significantly low in thyroidectomized
patients and need to be replaced by exogenous
hormone therapies.
Thyrotoxicosis resulting from excessive hormone production by thyroid cancer is extremely
rare. Fewer than 100 case reports have been published since its first description in 1946 by Leiter
et al. presenting a patient with hyperthyroidism
due to metastatic thyroid cancer [3]. Most of the
reported cases involve metastatic follicular cancer resulting from excessive hormone production
by thyroid cancer cells [4]. The lesions causing
thyrotoxicosis are usually bulky, and the bulk of
tumor mass is believed to be responsible for thyrotoxicosis rather than an endogenous increased
hormonal activity [5].
Papillary thyroid cancer (PTC) is very rarely
associated with thyrotoxicosis. Basaria and
Salvatori reported thyrotoxicosis due to metastatic
papillary thyroid cancer in a patient with Graves’
disease, and they considered that the presence of
thyroid-stimulating immunoglobulins (TSIs) was
responsible for the increased hormonal synthesis
and secretion by the metastases [5].

31.2

Discussion

Differentiated thyroid cancer is a malignant disease with excellent disease-specific survival, and
the 10-year overall relative survival rate is 90%
[1]. Thyroid cancer generally remains localized
to the thyroid gland. The rate of distant metastases is rare within a range of 4–15% [2]. The most
common site of distant metastases is the lung,
followed by the bone [2]. In general, metastases
of well-differentiated thyroid cancer carry the
main biological features of the thyroid cells such
as Na-I symporter gene expression and thyroglobulin synthesis, since the cell does not transfer
to an undifferentiated form. However, in general,
DTC metastases differ from thyrocytes in thyroid
hormone synthesis. Serum thyroid hormone lev-
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The pathogenesis of hormone production with
resulting hyperthyroidism from metastatic thyroid cancer remains largely unknown. Several
possible mechanisms have been proposed including endogenous TSH stimulation, iodine deficiency, and environmental causes [5]. Yoshimura
Noh et al. reported that one possible mechanism
was the activation of receptors on the cancer cells
with high level of TSH-binding inhibitor immunoglobulin and thyroid-stimulating antibody in
the absence of thyroid tissue that occurred in
metastatic site after the completion of radioiodine treatment for many years [6]. Miyauchi
et al. reported increased peripheral conversion of
fT4 to fT3 causing fT3 toxicosis in patients with
massive metastatic follicular thyroid carcinoma
[7]. Others suggested that thyroid-stimulating
immunoglobulins, which could stimulate and
increase the thyrotropin receptors (TSHR), may
promote the growth of DTC cells and allow metastatic deposits to synthesize thyroid hormones
autonomously [8, 9].
Most functional thyroid cancer metastases
produce predominantly T3 toxicosis with normal
fT4 serum levels. The possible mechanisms of
this effect could be either preferential T3 production or accelerated peripheral conversion of fT4
to fT3 [7, 10]. Another possibility could also
include “defect” in the structure of intra-tumoral
Tg with rapid removal of the molecule from the
iodination site [11]. Although both fT3 and fT4
levels were high in our patient, we observed T3
toxicosis predominantly.
The clinical management of patients with
DTC associated with hyperfunctioning distant
metastases represents a challenge for the lack of
definitive clinical data. Most published studies
have been either individual case reports or small
case series of patients with hyperthyroidism or
euthyroidism [12]. In patients with thyrotoxicosis caused by DTC metastases, I-131 treatment
may cause complications due to intralesional
edema and hemorrhage, may induce thyrotoxic
storm, and may even result in lethal outcome
[13]. Thus, it may seem advisable to use combination therapies of antithyroid drugs and glucocorticoids as premedication to reduce the size of
metastasis, decrease thyroid hormone levels, and
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make radioiodine treatment less hazardous and
more effective. Antithyroid drugs inhibit iodination of tyrosyl residues in thyroglobulin driven
by thyroid peroxidase, thereby inhibiting the synthesis of thyroid hormones. PTU may also act in
the peripheral tissues by inhibiting the conversion of thyroxine to triiodothyronine.
Achievement of euthyroidism with antithyroid drugs before I-131 therapy helps to prevent
thyroid storm, probably by reducing the amount
of stored thyroid hormones in the metastases [5].
Glucocorticoids have proven to have strong
anti-inflammatory effects that may be crucial to
prevent complications caused by radiationrelated inflammation after iodine therapy. Also,
high-dose glucocorticoids have long been known
to affect serum TSH levels in humans [14]. High
doses of glucocorticoids can lower serum TSH
levels and decrease TSH secretion and thyroid
hormone production through direct effects on
TRH in the hypothalamus [14]. Another beneficial role of glucocorticoids is their ability to
block peripheral conversion of fT4 to fT3. The
use of glucocorticoids has proven to increase survival in case of thyroid storm. In our case, we
used dexamethasone 5 mg/day starting 3 days
before iodine therapy and 30 mg prednisolone on
the day of treatment. To prevent gastric side
effects, proton pump inhibitors were also administered. We did not observe any side effects
related to steroid use. We would like to remind
that absolute and relative contraindications for
glucocorticoids, such as diabetes mellitus, gastric
or duodenal ulcers, or electrolyte disorders, must
be taken into account when considering the use
of steroids.
For patients with hyperfunctioning metastases, a high TSH level of >30 ng/mL which is
essential to achieve maximal iodine uptake in the
remnant tissue or metastatic deposits cannot be
reached. Recombinant human TSH has been
developed to meet the need for safe, adequate
exogenous TSH stimulation in patients with papillary and follicular thyroid carcinoma. The use
of rhTSH may be considered to elevate serum
TSH levels; however, the necessity of rhTSH
injection is questionable since the metastases significantly accumulate radioiodine and use iodine
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in hormone synthesis and may not require additional intervention to accentuate iodine uptake.
Besides, we consider that augmentation of serum
TSH levels may induce complications by stimulating the hyperfunctioning metastatic lesions
and may cause intralesional edema, hemorrhage,
and compression and may carry a potential risk
for thyroid storm. Rotman-Pikielny et al. reported
that rhTSH could be potentially used to increase
TSH to an optimal level and maximize the iodine
uptake by the metastatic tumors before radioiodine therapy in patients with hypersecretory metastatic thyroid cancer [11]. However, in the
American Thyroid Association guideline published in 2015, the use of rhTSH is not recommended due to insufficient evidence in patients
with high-risk DTC with attendant higher risks of
disease-related mortality and morbidity. The
authors report that more controlled data from
long-term outcome studies are needed before
rTSH preparation for RAI adjuvant treatment can
be recommended in this patient group [15]. We
consider that patients with hyperfunctioning
metastases must be accepted as high-risk DTC
with high risk of disease-related mortality and
morbidity not only for the metastatic spread but
also for the risk of thyroid storm that may be seen
following sudden efflux of thyroid hormones
after iodine administration.
Due to the lack of a randomized clinical control study, the effect of radioiodine treatment of
metastases in patients with hyperfunctioning
metastases in comparison with nonfunctioning
metastases remains unclear. However, as a general rule of thumb for thyroid cancer, radioiodine
avidity is a characteristic behavior of well-differentiated tumors and predicts a favorable prognosis. Previously published studies report favorable
prognosis in patients with hyperfunctioning
metastases. In a group of patients with hyperfunctioning metastases limited to the lung, Qiu
et al. reported the 10-year cause-specific survival
was 92.9% which was higher than the common
expectation in this patient group [16]. In general,
disease-specific survival is lower in patients with
distant metastases [8]. Haq et al. reported causespecific survival at 10 years as 59% in patients
with functioning metastases vs. 55% with non-
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functioning metastases [4]. As bone metastases
indicate poorer prognosis and worse survival
compared to disease limited to the lung, we considered the higher survival rate reported by Qiu
et al. might arise from their patient group of lunglimited metastases.
Hindié et al. reported that radioiodine therapy
has a beneficial impact on functioning metastases
from thyroid cancer [17]. Also, as observed in
our case, authors report excellent avidity for
I-131 in functioning metastases that would provide improved overall survival to patients with
hyperfunctioning metastases compared to their
counterparts.
Another important point in the clinical care of
patients with functioning metastases is the fact
that hyperfunctioning metastases may retain
radioiodine for a longer period than nonfunctioning metastases. This retention of radioactivity
may impart harmful levels of radiation to the
bone marrow. On this basis, many authors have
advocated the value of dosimetry in these patients
[18]. If dosimetric calculations are not applicable, the reduction of the appropriate I-131 doses
can be discussed. For this case, we were unable to
apply dosimetric calculations. However, radioiodine treatments were not administered closer
than 9-month period, and we closely monitored
bone marrow reserve and did not observe any
decrease in complete blood counts.
The management of bone metastases must
include a multidisciplinary approach with a combination therapy. Such patients are susceptible to
morbid complications of inflammatory tumor
expansion and compression to surrounding tissues such as the spinal cord. Resection surgery
was proven to improve overall survival in patients
with bone metastases [19, 20]. In patients with
multiple organ involvements, the role of metastasectomy is less well understood. Even the
involvement of multiple bones may preclude
curative resection of bony disease. Palliative surgery with partial removal of bone metastases or
complete resection of the bone tumor but leaving
residual tumor in other organs helps to deliver
higher radioiodine dose to the residual tumor and
provide maximal benefit from radioiodine therapy by reducing tumor burden. Due to widespread
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bony metastases, surgeons considered that our
patient was not a suitable candidate for resection
of metastatic deposits. We planned completion
thyroidectomy and bilateral neck dissection for
reduction of tumor burden and removal of the
non-tumoral gland to provide sufficient radioiodine dose to metastatic deposits.
External beam radiation therapy (EBRT)
should be considered in the management of painful bone metastases or of metastases in critical
locations likely to result in fractures or neurological or compressive symptoms, if these lesions are
not amenable to surgery [21]. EBRT may provide
lesion shrinkage and helps palliate pain and
reduce the risk of inflammatory tumor expansion
or tumor growth. Also, as EBRT delivers lower
radiation doses to metastases compared to radioiodine therapy, it may be reasonable to administer EBRT with coadministration of steroids
before iodine therapy to avoid sudden efflux of
preformed thyroid hormones from the metastatic
deposits. In our case, EBRT provided a significant palliation of her bone pain.
The development of osseous metastases from
thyroid carcinoma is associated with poorer
patient survival and prognosis. Patients with multiple bone metastases have poorer survival than
those with solitary bone metastases. Clinical situation is more complicated when metastases function and secrete excess amount of thyroid
hormone to the peripheral circulation. The management of DTC patients with hyperfunctioning
metastases needs special care and clinical awareness of complications that may increase diseaserelated mortality and morbidity.

31.3

Follow-Up and Outcome

After the final radioiodine therapy, we observed
that serum Tg level was significantly decreased to
260 ng/mL and TSH level rose to 66 μIU/mL on
follow-up. l-thyroxine replacement was started.
During clinical follow-up, we observed a gradual
decrease in serum Tg. Serum Tg levels ranged
between 1.5 and 2 ng/mL following the final
radioiodine treatment on l-thyroxine replacement therapy. The patient is still alive with a sta-
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ble and limited disease for 7 years. All blood
counts and blood chemistry are within normal
ranges. And the patient is free of bone pain. The
presented case is a unique example of a successfully treated patient with hyperfunctioning
metastases without any complications.

What Can We Learn from This Case?

• Thyrotoxicosis resulting from excessive
hormone production by thyroid cancer
is extremely rare and needs careful clinical management.
• In patients with hyperfunctioning
metastasis, I-131 treatment may cause
severe complications due to radiationcaused inflammation, edema, and hemorrhage and may even induce thyrotoxic
storm. Therefore, careful patient preparation and premedication for symptomatic control of hyperthyroidism and to
avoid thyroid storm are crucial.
• The use of rhTSH in hyperfunctioning
metastasis may not be necessary, may
even exacerbate symptoms of hyperthyroidism, and must be carefully considered on an individualized patient base.
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Abstract

Although most thyroid nodules are a result of
a benign disease process (>90%), the possibility of thyroid cancer is always a consideration.
Ultrasonography can help for differential
diagnosis of thyroid nodules. Fine needle
aspiration biopsy is the traditional diagnostic
test to determine malignancy in thyroid nodules. We present a 58-year-old female patient
with low-risk papillary thyroid carcinoma
(PTC) who was treated by total thyroidectomy. Although the recent ATA guideline recommends that the extent of initial surgery can
be a total or near-total thyroidectomy or lobectomy in low-risk unilateral PTC >1 cm and
<4 cm, the extent of thyroidectomy in such
patients should be decided according to the
judgment of the treatment team and postoperative histopathological findings. In low-risk
PTC patients, a suppressed or stimulated Tg
<1 ng/mL by 3–4 weeks postoperatively and
no evidence of disease by imaging further
confirm classification of these patients as
being at low risk. RAI (radioactive iodine)
remnant ablation is not routinely recommended after thyroidectomy for ATA low-risk
PTC patients.
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32.1

Case Presentation

A 58-year-old female patient applied to our outpatient clinic in March 2014. Her history revealed
that she had been diagnosed with Hashimoto thyroiditis (HT) in 2004 and has been using thyroxine supplementation since then. She had no
family history of thyroid cancer or history of
head and neck irradiation. Neck ultrasonography
(USG) which had been performed in 2004
showed an iso-hyperechoic nodule that was
6.3 × 4.8 mm in the right upper lobe of the thyroid gland and a hypoechoic nodule in the middle
left lobe which was measured as 1.7 × 1.8 mm.
No additional USG imaging had been performed
between the years 2004 and 2014.
Her initial physical examination at the time of
reference revealed one dominant nodule in each
thyroid lobe which was estimated as 1.5 cm by
palpation. Serum levels of thyroid-stimulating
hormone (TSH), antithyroid peroxidase (antiTPO) antibody, and anti-thyroglobulin (anti-Tg)
antibody were found as 3.2 mU/L (0.27–
4.2 mU/L), 460 IU/mL (0–34 IU/mL), and
235 IU/mL (0–115 IU/mL), respectively. Neck
USG showed an iso-hyperechoic solid nodule
that was 8.6 × 8.6 × 11.7 mm in size and a subcentimetric (3.8 mm) hypoechoic nodule in the
right lobe and a predominantly cystic nodule that
was measured as 8.9 × 9.8 × 13.6 mm in the left
lobe (Fig. 32.1). Although these nodules seemed
to increase in size during the last 10 years, they
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Fig. 32.1 Sonographic image of the dominant thyroid nodule in the right lobe showing iso-hyperechoic nodule with
regular borders

exhibited low-suspicion category findings by
USG and were smaller than 1.5 cm. We decided
annual USG surveillance for these nodules.
Repeat neck USG that was performed 1 year
later revealed that the size of the dominant nodule in the right lobe increased by 1.5 and 2.0 mm
in two dimensions. Although this nodule was
observed as being iso-hyperechoic on the former
USG, it appeared mildly hypoechoic on repeat
USG (Fig. 32.2). The size of the predominantly
cystic nodule in the left lobe was slightly
increased as well (1 and 0.6 mm increase in two
dimensions). USG revealed multiple subcentimetric lymph nodes in bilateral cervicolateral
compartments. These lymph nodes appeared to
be oval shaped and had echogenic hilum which
were common sonographic characteristics of
benign lymph nodes (Figs. 32.3 and 32.4). No

suspicious cervical lymph nodes were detected
by neck USG. As the nodule in the right lobe
increased in size and turned in a hypoechogenic
state, fine needle aspiration biopsy (FNAB) was
performed to this nodule. FNAB cytology was
reported as suspicious for papillary thyroid carcinoma (PTC). Total thyroidectomy was performed with intraoperative nerve monitoring. No
lymph nodes suspicious of malignancy were
observed in the central compartment during the
operation. There were no postoperative complications. Histopathological examination revealed
nonencapsulated PTC of 1.3 cm in the right lobe.
The microscopic variant was oncocytic follicular
subtype of PTC. Lymph-vascular invasion,
extrathyroidal extension (ETE), and multifocality were not observed. There were no postoperative complications.
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Fig. 32.2 The image on repeat USG shows that the dominant nodule in the right lobe increased in size and echogenic
structure changed from iso-hyperechogenicity to mild hypoechogenicity

Fig. 32.3 Subcentimetric cervicolateral lymph nodes with echogenic hilum which is a USG feature associated with
benign cervical lymph nodes
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Fig. 32.4 Sonographic image of subcentimetric ovalshaped cervicolateral lymph nodes. A marked difference
between the short-axis and long-axis diameter with long-

axis diameter longer than short-axis diameter is a common sonographic feature in benign cervical lymph nodes

32.2

HT and PTC, whereas a recent meta-analysis
showed that PTC was significantly associated
with pathologically confirmed HT [2]. PTCs with
coexisting HT were found to be significantly
related to female patients, multifocal involvement, no extrathyroidal extension, and no lymph
node metastasis. Moreover, PTCs with HT were
significantly associated with long recurrence-free
survival [3].
Serum TSH should be measured during the
initial evaluation of a patient with a thyroid nodule [4]. In the patients with high TSH values or
who are suspected to have HT, the laboratory
diagnosis of HT is established with the assay of
serologic markers, including serum levels of antiTPO and anti-Tg antibodies [5]. Circulating antiTPO antibodies are now considered the best
serological marker to establish a diagnosis of
HT. The presence of positive anti-Tg antibodies

Discussion

32.2.1 Evaluation and Diagnosis
Although most thyroid nodules are a result of
benign disease process (>90%), the possibility
of thyroid cancer is always a consideration [1].
History of childhood head/neck irradiation;
family history of PTC, MTC, or multiple endocrine neoplasia type 2 (MEN2); age <20 or
>70 years; male sex; enlarging nodule; abnormal cervical adenopathy; fixed nodule; and
vocal cord paralysis are features that are associated with increased risk of cancer in patients
with thyroid nodules [1].
There has long been a controversy in the literature about a possible link between HT and
PTC. Population-based FNAB studies did not
find a statistically significant correlation between
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is less sensitive and specific than anti-TPO antibodies to diagnose HT [5]. A recent systematic
review of the literature showed that USG features
that suggested malignancy in a thyroid nodule
included a blurred or ill-defined margin, irregular
shape, solid echo structure, hypoechogenicity,
absent halo, fine calcifications, and intranodular
vascular pattern [6]. Most of the malignant nodules had more than two USG features characteristic of malignancy [6]. Kwak et al. documented
that the probability of malignancy was found
relatively higher in thyroid nodules with microcalcifications alone and in those with microlobulated margins alone compared to other suspicious
USG features [7]. The authors also reported that
the risk of malignancy in a nodule increased as
the number of suspicious USG features increased
[7]. Microcalcification, marked hypoechogenicity, irregular border, and taller-than-wide
features were reported to be individual sonographic criteria for malignant nodules with high
specificity and accuracy [8]. The recent ATA
guideline classifies the nodules as highly suspicious if they have a combination of such highly
suspicious USG features or associated suspicious
cervicolateral lymph nodes [4]. A nodule that is
observed to be hypoechoic nodule with regular
border on USG is defined as intermediate risk
[4]. Hyperechoic or isoechoic nodules are defined
as low-suspicion category. FNAB is recommended for nodules ≥1 cm which has high or
intermediate suspicious findings by USG and for
nodules ≥1.5 cm with low suspicion of malignancy according to sonographic pattern [4].
Although enlarging thyroid nodules has been
previously reported to be a definite risk factor for
thyroid cancer, recent studies suggested that the
malignancy rate of growing thyroid nodules was
not very high [6, 9, 10]. Nakamura et al. found
that nodule growth was a predictor of malignancy
in the nodules with follicular neoplasm cytology,
whereas enlarged thyroid nodules with benign
cytology had a malignancy rate of 1% [10].
Although there are conflicting results related to
risk of malignancy associated with nodule
growth, repeat USG at 12–24-month intervals are
recommended to follow up low-suspicion thyroid
nodules [4]. FNAB is recommended if the USG
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findings show nodule growth (20% increase in at
least two nodule dimensions with a minimal
increase of 2 mm or more than a 50% change in
volume) or development of new suspicious sonographic features [4]. In our patient, FNAB was
performed to the dominant nodule as this nodule
showed size enlargement and developed
hypoechogenicity during sonographic surveillance. FNAB cytology was reported as suspicious
for papillary thyroid carcinoma (PTC). The risk
of malignancy ranges between 60 and 75% in
FNAB results reported as suspicious for PTC
[11]. If the cytology is reported as suspicious for
papillary carcinoma, surgical management
should be similar to that of malignant cytology,
depending on clinical risk factors, sonographic
features, patient preference, and possibly results
of mutational testing [4].
Fine needle aspiration cytology might present
some potential sources of error when performed
in glands harboring autoimmune thyroiditis. The
similarity of epithelial cell nuclear atypia in HT
and cellular neoplasm may cause false-positive
results. On the other hand, pleomorphic Hürthle
cells may be present in aspirates from Hürthle
cell neoplasms and underdiagnosed as HT, especially when they are associated with a few lymphocytes, resulting in false negatives [12, 13].
In HT patients, hyperplastic lymph nodes are
commonly detected by neck USG [14].
Ultrasonographic features such as round shape
(short-axis/long-axis ratio <0.60), absence of
hilar echo, sharp nodal borders, hypoechoic
internal echogenicity, and presence of intranodal
necrosis were determined to be highly suggestive
of metastatic cervical lymph nodes [15]. Brancato
et al. reported that an increased number of benign
hyperplastic neck nodes (oval shaped and with
echogenic hilum), especially in levels II, III, and
IV, were a characteristic sonographic finding
associated with HT [14].

32.2.2 Management
Papillary thyroid cancer is defined as low risk
when there is no local or distant metastasis, no
macroscopic or microscopic local invasion, no
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aggressive histology, no vascular invasion, and
no lymph node metastasis or ≤5 are micrometastasis [4]. In the former revised ATA Management
Guidelines for Patients with Thyroid Nodules
and Differentiated Thyroid Cancer (2009), total
or near-total thyroidectomy was recommended
for PTC >1 cm [16]. This recommendation was
based on the results of an analysis of 52.173 PTC
patients who were treated either by total thyroidectomy or lobectomy. This analysis demonstrated
a slightly higher 10-year relative overall survival
and slightly lower 10-year recurrence rate for
total thyroidectomy as opposed to thyroid lobectomy [17]. A recently updated analysis of a similar population including 61.775 PTC patients
demonstrated that the slight overall survival
advantage was seen for patients with 1–4 cm
PTC who underwent total thyroidectomy disappeared when further adjustment was made for
additional variables such as clinicopathological
features and severity of illness [18]. The recent
ATA guideline (2015) recommends that the
extent of initial surgery can be a total or neartotal thyroidectomy or lobectomy in low-risk
PTC >1 cm and <4 cm [4]. However, there is still
an ongoing debate on the extent of thyroidectomy
in PTC >1 cm. Proponents of total thyroidectomy
argue that multifocality is a well-known feature
of PTC and that total thyroidectomy decreases
the risk of recurrence and risk of reoperations
that are associated with high morbidity, improves
survival, enables detection and elimination of
persistent and/or metastatic disease by radioiodine, and enhances follow-up with serum Tg levels, and the operation has low morbidity in
experienced hands [19]. The main argument
against total thyroidectomy is high rate of complications of the procedure with no proven potential benefit on recurrence and survival. Opponents
for total thyroidectomy argue that occult tumor
foci have no implications on disease outcome,
RAI therapy has no proven benefit in low-risk
patients, and adequate follow-up can be achieved
after lobectomy with Tg measurements and neck
USG [19]. They further argue that the majority of
the reoperations after lobectomy involve the contralateral lobe which can be removed with no
increased morbidity compared to primary lobec-

tomy. It is important to emphasize that the surgeon should take account of pre-, intra-, and
postoperative prognostic features as well as risk
group to decide on the extent of thyroidectomy
[19]. Total thyroidectomy is the treatment of
choice for all patients with PTC if further therapy
such as RAI is being considered and the operation can be done safely [20]. Lobectomy can be
performed in low-risk PTC patients with unilateral tumor according to the judgment of the treatment team if postoperative histopathological
findings do not necessitate RAI therapy [4]. We
preferred to perform total thyroidectomy in our
patient because there were nodules in both thyroid lobes and these nodules showed size enlargement during the follow-up.
The postoperative Tg value is an important
prognostic factor that can be used to guide clinical management. In low-risk PTC patients, a suppressed or stimulated Tg <1 ng/mL by 3–4 weeks
postoperatively and no evidence of disease by
imaging further confirm classification of these
patients as being at low risk [4]. RAI remnant
ablation is not routinely recommended after thyroidectomy for ATA low-risk DTC patients [4].
In low-risk patients who underwent a total thyroidectomy without postoperative RAI therapy,
the recommended strategy of follow-up is based
on serum Tg determination on thyroxine and
neck USG at 9–12 months.

32.3

Follow-Up and Outcome

The patient was classified as low risk according
to the ATA 2009 Risk Stratification System with
Proposed Modifications [4]. Serum level of stimulated thyroglobulin (sTg) was found as 0.4 ng/
mL (in the absence of anti-Tg antibodies) on
postoperative third week when TSH level was
56 mIU/L. Radioactive iodine (RAI) therapy was
not considered in our case as the patient was classified as low-risk PTC according to the clinicopathological features and detection of very low
level of sTg on postoperative third week.
Thyroxine treatment was started to maintain TSH
values as 0.1–0.5 mIU/L. The follow-up included
TSH, Tg, and anti-TG assay at 6-month intervals
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and neck USG annually. There was no evidence
of recurrence during the follow-up period of
36 months.

32.3.1 The Future
Current knowledge assures that lobectomy is sufficient treatment for small, unifocal, intrathyroidal papillary microcarcinomas in the absence of
prior head and neck radiation, familial thyroid
carcinoma, or clinically detectable cervical nodal
metastases. It is still controversial if lobectomy is
a sufficient treatment in low-risk PTC >1 cm.
Future studies related to the impact of molecular
markers on the outcome of PTC may be helpful
to achieve a more definite risk stratification of
PTC preoperatively. In PTC >1 cm, preoperative
risk assessment with the evaluation of molecular
markers along with clinicopathological features
would help proper selection of patients for whom
lobectomy is a sufficient treatment or those for
whom total thyroidectomy is indicated.

What Can We Learn from This Case?

• Although there is no clear evidence to
support the correlation between HT and
PTC, thyroidectomy studies reported a
positive correlation. Patients with HT
need to be carefully monitored for the
development of PTC.
• FNAB should be considered in thyroid
nodules if the USG findings show nodule growth (20% increase in at least two
nodule dimensions with a minimal
increase of 2 mm or more than a 50%
change in volume) or development of
new suspicious sonographic features
during USG surveillance.
• A definitive correlation between the
extent of thyroid resection and longterm survival has not yet been established. The decision-making regarding
lobectomy or total thyroidectomy in
PTC > 1 cm should be based on pre-,
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intra-, and postoperative prognostic features in low-risk patients.
• Total thyroidectomy is the treatment of
choice for PTC if postoperative RAI
therapy is being considered and the
operation can be done with low
morbidity.
• Routine RAI ablation is not recommended for low-risk PTC patients.
Postoperative sTg assay and imaging
findings are helpful in postoperative
RAI
therapy
decision-making.
Postoperative sTg <1 ng/mL and negative imaging confirm the low-risk state
of the patient, and these patients can be
safely managed without postoperative
RAI therapy.
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Abstract

Lymph nodal involvement in papillary thyroid
carcinoma (PTC) is very common.
Preoperative neck ultrasonography (USG)
allows for the early detection of nonpalpable
cervical lymph node metastasis prior to thyroidectomy in patients with FNAB-proven or
suspected thyroid cancer. In patients with clinically involved central nodes, therapeutic central compartment (level VI) neck dissection
should be performed. Lateral neck dissection
performed for macroscopic PTC metastases
should be the selective neck dissection of levels IIa, III, IV, and Vb. We present a 38-yearold female patient of unilateral PTC with
central and ipsilateral lateral lymph node
metastasis who underwent total thyroidectomy and bilateral central and ipsilateral lateral lymph node dissection followed by
radioactive iodine ablation (RAI) treatment.
Postoperative RAI adjuvant therapy should be
considered in ATA intermediate-/high-risk
level patients. In PTC patients, no biochemical, clinical, or radiological evidence of tumor
during the follow-up after total thyroidectomy
and RAI treatment is defined as excellent
response to treatment. The rate of recurrence
ranges between 1 and 4% in patients with
Y. G. Şenyürek (*) · İ. C. Sormaz
Division of Endocrine Surgery, Istanbul University
Istanbul Medical Faculty, Istanbul, Turkey

excellent response. In intermediate-risk
patients who are subsequently reclassified into
excellent response category, non-stimulated
thyroglobulin assays and neck USG at 12–24month intervals are considered to be appropriate in the follow-up.

33.1

Case Presentation

A 38-year-old female patient was referred to
our institution for thyroidectomy in January
2016. She has been suffering from a gradually
enlarging neck lump for 3 years. She had
undergone neck ultrasonography (USG) previously at another institution, and fine needle
aspiration biopsy (FNAB) had been performed
for a large thyroid nodule located in the left
thyroid lobe. The cytologic features of FNAB
specimen have been reported as a highly cellular specimen with enlarged, oval, and irregular nucleus and intranuclear grooves. The
findings were consistent with papillary thyroid
carcinoma (PTC) (Bethesda 6). She had no
family history of thyroid cancer or history of
radiation to the head and neck. Physical examination revealed a large thyroid nodule sized
approximately 4 cm in the left thyroid lobe.
Serum thyrotropin (TSH) level was
2.5 mIU/L. The patient was scheduled for surgery. In our institution, routine preoperative
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Fig. 33.1 Ultrasonographic
image of enlarged central
lymph node with
hypoechogenicity, rounded
shape, and irregular borders

neck USG is performed in patients with a diagnosis of PTC in order to detect central or lateral suspicious lymph nodes, if any, which
might have been missed during previous imaging studies. Preoperative neck USG showed a
heterogenous, hypoechoic thyroid nodule with
ill-defined borders in the left thyroid lobe. The
transverse and longitudinal diameters of the
nodule were measured as 39 and 20 mm,
respectively. There were no nodules detected
by USG in the right lobe. Preoperative neck
USG also revealed an enlarged and hypoechoic
lymph node with a rounded shape and irregular
borders located at the inferior border of the left
thyroid lobe (central lymph node) and suspicious subcentimetric lymph nodes at level IV
at the left lateral compartment. The largest
diameter of the central lymph node was measured as 13.9 mm (Fig. 33.1). The size of the
largest lymph node at the left lateral compartment was measured as 9 mm. Thyroglobulin
(Tg) measurement of fine needle aspiration
(FNA-Tg) from the central and lateral lymph
nodes was found as 355 ng/mL and 780 ng/mL,
respectively. Macroscopic central lymph nodes
in the left paratracheal compartment were
observed intraoperatively (Fig. 33.2). The
patient underwent total thyroidectomy, bilateral central lymph node dissection, and left lat-

eral lymph node dissection with continuous
nerve monitoring. Lateral lymph node dissection included levels III and IV. At the left side,
macroscopic paratracheal central lymph nodes
were found to show dense adherence to the
recurrent laryngeal nerve. The postoperative
histopathological diagnosis revealed classical
variant PTC with a maximum diameter of

Fig. 33.2 Intraoperative image of macroscopic central
lymph nodes (★)
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3.8 cm located in the left lobe. The tumor
showed microscopic extrathyroidal extension
(ETE) and lymphatic invasion. No vascular
invasion was recorded. Of 12 lymph nodes dissected from the central compartment, ipsilateral metastasis was found in 5. Of 14 lymph
nodes dissected from the left lateral compartment, metastasis was detected in 6. Two of the
metastatic lateral lymph nodes showed extranodal extension. Postoperative stimulated Tg
(sTg) value was 5.6 ng/mL in the absence of
anti-thyroglobulin
(Anti-Tg)
antibodies.
Transient hypoparathyroidism developed postoperatively which was managed by oral calcium and vitamin D supplementation for
2 weeks following surgery. The stage of the
PTC was defined as stage I according to
the AJCC/UICC TNM system and ATA
intermediate risk according to the ATA 2009
Risk Stratification System with Proposed
Modifications [1].

33.2

Discussion

33.2.1 Evaluation and Diagnosis
The clinical importance of thyroid nodules,
besides local compressive symptoms or thyroid
dysfunction, is primarily the possibility of thyroid cancer which occurs in about 5% of thyroid
nodules [2]. Thyroid nodules should be evaluated
primarily to rule out thyroid malignancy. USG is
the most reliable diagnostic modality to detect
thyroid nodules, and USG-guided FNAB is the
gold standard method to determine the malignant
potential of the thyroid nodules [3, 4]. Several
ultrasonographic thyroid nodule characteristics
have been found to correlate highly with malignancy, including irregular borders, microcalcifications,
height
greater
than
width,
hypoechogenicity, and increased vascularity [3,
4]. Combination of these suspicious sonographic
features, especially of hypoechogenicity, irregular borders, and microcalcifications, is strongly
associated with an increased risk for differentiated thyroid cancer [4]. USG-guided FNAB is
strongly recommended in nodules ≥1 cm with
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highly suspicious findings [1]. Lymph nodal
involvement in PTC is very common, and in up to
90% of cases, lymph node micrometastases are
observed [5, 6]. In PTC patients with lymph node
metastasis, the nodal metastasis predominates in
the ipsilateral central and ipsilateral cervicolateral compartments [7, 8]. The extent of initial
thyroidectomy should be total or near total thyroidectomy in patients with clinical evidence of
metastatic lymph nodes [1]. Preoperative neck
USG for cervical lymph nodes is recommended
for all patients undergoing thyroidectomy for
malignant or suspicious for malignancy cytologic
findings [1]. Preoperative neck USG allows for
the early detection of nonpalpable cervical lymph
node metastasis prior to thyroidectomy in patients
with FNAB-proven or suspected thyroid cancer
that otherwise might have been missed intraoperatively, thereby minimizing the risk for persistent disease [9, 10]. Preoperative USG can
identify suspicious cervical lymphadenopathy,
thereby potentially altering the extent of and
overall surgical approach in 1/3 of these PTC
patients [9, 10]. The sonographic features which
are associated with metastatic lymph nodes
include hypoechogenicity, rounded appearance,
irregular borders, macro- or microcalcifications,
loss of the fatty hilus, cystic appearance, and
increased size [3]. The sensitivity of USG to
detect central compartment metastatic lymph
nodes is low prior to primary thyroidectomy
when the thyroid gland is in situ. Kouvaraki et al.
reported the sensitivity of preoperative USG to
detect metastatic lymph nodes in the central and
ipsilateral compartments as 52% and 77%,
respectively [9]. The authors documented that
most false-negative USG results occurred in the
central neck compartment, especially in patients
whose thyroid gland was still in situ. Confirmation
of malignancy in lymph nodes with a suspicious
sonographic appearance is achieved by USGguided FNA for cytology and/or measurement of
Tg in the needle washout [3]. Although the cutoff
values for the FNA-Tg have not been standardized, preoperative values of >32.04 ng/mL and
postoperative values of >0.9 ng/mL are recommended for identifying neck LN metastasis [11].
Several studies reported that tumor size >2 cm,
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male sex, age <45 years, lymphatic invasion,
ETE, multifocality, BRAF mutation, and the
presence of lateral cervical lymph node m
 etastasis
were significant predictive factors for central
lymph node metastasis in PTC [12–17].

33.2.2 Management
In patients with clinically involved central nodes,
therapeutic central compartment (level VI) neck
dissection should be performed [1]. At a minimum, central compartment neck dissection
should include the prelaryngeal, pretracheal, and
at least one paratracheal lymph node basin [18].
The presence of ipsilateral central or lateral cervical lymph node metastasis is a strong predictor
of contralateral central lymph node metastasis in
PTC [19, 20]. Skip metastasis to the lateral neck
sparing the central compartment is uncommon
but may be found up to 21.8% of the patients
with upper pole tumors [21]. In patients who
present with clinically evident disease involving
cervical lymph nodes, the standard of care is to
perform a therapeutic neck dissection, which
entails the systematic removal of the lymph
nodes in the central compartment [1]. Lateral
neck dissection performed for macroscopic PTC
metastases should be the selective neck dissection of levels IIa, III, IV, and Vb [1]. However, the
patients with image-based, isolated lateral level
IV involvement and no macroscopic extranodal
extension might be potential candidates for limited levels III–IV dissection [22].
Because the AJCC/TNM risk of mortality
staging system does not adequately predict the
risk of recurrence in PTC, ATA thyroid cancer
guidelines proposed a postoperative risk stratification system that classified patients as having
low, intermediate, or high risk of recurrence
according to clinicopathological and imaging
findings [1]. Our patient was classified as intermediate risk due to the presence of microscopic
ETE and >5 pathologic N1 with all involved
lymph nodes <3 cm in the largest dimension. Of
the patients who are classified as intermediate
risk, approximately 60% have been reported to
show excellent response to total thyroidectomy
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and RAI ablation treatment [1]. However,
20–30% of such patients may have persistent
disease or develop locoregional or distant metastasis. Large tumor size (>4 cm), macroscopic
lymph node in more than five nodes or metastatic nodes larger than >3 cm, extranodal invasion, gross extrathyroidal invasion, vascular
invasion, and detection of certain molecular
markers, such as BRAF, TERT, or TP53 mutations, were found to be associated with increased
risk of recurrence in PTC [1]. Recently, the percentage of positive lymph nodes among the total
number of nodes removed (lymph node
ratio(LNR)) has been used to predict the risk of
recurrence in PTC. A LNR >0.3 in the central,
lateral, or both compartments has been reported
to present a strong prognostic factor for recurrence [23]. In PTC patients, postoperative disease status can be determined by means of serum
Tg levels, neck USG, and diagnostic wholebody scan (WBS) [1]. Postoperative Tg is
expected to reach its nadir by 3–4 weeks after
surgery. Postoperative sTg level <1–2 ng/mL (in
the absence of Anti-Tg antibodies) and no evidence of disease by radiological evaluation are
strong predictors of remission [1]. Low postoperative serum Tg (<1 ng/mL) levels in low-risk
patients confirm the classification of such
patients as being low risk and might alter the
decision of RAI ablation therapy [1].
Postoperative RAI adjuvant therapy should be
considered in ATA intermediate-/high-risk level
patients. In intermediate-risk level PTC patients,
thyroid hormone treatment at suppressive doses
is recommended for TSH suppression to 0.1–
0.5 mU/L. In patients who underwent total thyroidectomy and RAI treatment, the criteria for
disease-free status include all of the following
findings: (1) no clinical evidence of tumor, (2)
no imaging evidence of tumor (WBS or neck
US), and (3) serum Tg levels <0.2 ng/mL under
TSH suppressive therapy or sTg <1 ng/mL following stimulation. The follow-up of the intermediate-risk level PTC patients includes serum
Tg assay and neck USG at 6–12-month intervals
following surgery and RAI ablation therapy. In
intermediate-risk PTC patients who have clinical features associated with increased risk of
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recurrent or persistent disease, diagnostic WBS
6–12 months after RAI treatment is recommended [1]. Routine diagnostic WBS
6–12 months after RAI treatment is not recommended in intermediate-risk patients without
high-risk factors and undetectable levels of
serum Tg (in the absence of Anti-Tg antibodies)
on thyroid hormone and negative US [1]. The
adjustment of risk stratification in PTC patients
during the course of further follow-up is important to provide an individualized therapeutic
approach. After thyroidectomy and RAI treatment, biochemical and radiological findings
during the first 2 years can be used to determine
the individual response to initial treatment and
reclassify the patients (dynamic risk assessment)
[1]. The response to initial treatment is defined
as excellent, biochemical incomplete, structural
incomplete, and indeterminate response according to the serum Tg and/or Anti-Tg levels and
radiological or clinical evidence of recurrent or
persistent disease [1]. Excellent response to
treatment is defined as no biochemical, clinical,
or radiological evidence of tumor. The patients
with negative or nonspecific imaging findings
but abnormal Tg and Anti-Tg levels are reclassified as biochemical incomplete or indeterminate
response. The patients with structural and functional evidence of tumor despite appropriate initial treatment are redefined as structural
incomplete response. The rate of recurrence
ranges between 1 and 4% in patients with excellent response, whereas it is 20% in patients with
biochemical incomplete or indeterminate
response. In patients with structural incomplete
response, disease-specific death rate might be as
high as 11%. Appropriate reclassification of
intermediate-risk patients into the excellent
response category with its very low risk of recurrence should lead to reevaluation of intensity of
diagnostic surveillance procedures and treatment [1]). In intermediate-risk patients who are
subsequently reclassified into excellent response
category, the recommended TSH goal is
0.5–2 mU/L. Non-stimulated Tg assays and
neck US at 12–24-month intervals are considered to be appropriate in the follow-up of such
patients [1].

33.3
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Follow-Up and Outcome

The patient received 150 mCi adjuvant radioactive iodine (RAI) therapy. There were no RAIavid metastatic foci outside the thyroid bed on
the first posttreatment WBS. After RAI therapy,
the patient received thyroxine therapy to maintain
TSH
levels
between
0.1
and
0.5 mU/L. Measurement of serum Tg values on
thyroxine therapy and neck USG was performed
at 6-month intervals during the first year after
RAI treatment. The diagnostic WBS with thyroid
hormone withdrawal which was done 12 months
after RAI showed no uptake in the neck and distant sites. The sTg level at the time of diagnostic
WBS was found 0.04 ng/mL. Further follow-up
of the patient was planned as Tg measurement at
6-month intervals and neck USG annually.

33.3.1 The Future
Future research related to the identification of
gene mutations which are associated with aggressive tumor behavior and the impact of such mutations on the clinical course of the disease would
guide the therapeutic decision-making in PTC
patients.

What Can We Learn from This Case?

• Cervical lymph nodes should be evaluated by preoperative neck USG in all
patients undergoing thyroidectomy for
malignant or suspicious for malignancy
cytologic findings.
• Preoperative neck USG allows for the
detection of nonpalpable cervical lymph
node metastasis prior to thyroidectomy.
When the thyroid gland is in situ, the
sensitivity of USG to detect central
compartment metastatic lymph nodes is
lower compared to lateral metastatic
lymph nodes.
• In patients with clinically involved central nodes, therapeutic central compartment (level VI) neck dissection should
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be performed. At a minimum, central
compartment neck dissection should
include the prelaryngeal, pretracheal,
and at least one paratracheal lymph
node basin.
• The presence of ipsilateral central or lateral cervical lymph node metastasis is a
strong predictor of contralateral central
lymph node metastasis in PTC. In
patients who present with clinically evident disease involving cervical lymph
nodes, the standard of care is to perform
a therapeutic neck dissection, which
entails the systematic removal of the
lymph
nodes
in
the
central
compartment.
• The PTC patients with more than five
metastatic lymph nodes with all involved
lymph nodes <3 cm in the largest dimension are defined as ATA intermediate
risk. Postoperative RAI adjuvant treatment should be considered in ATA intermediate-risk patients.
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A Case of Papillary Carcinoma
of the Thyroid with Minimal
Extrathyroidal Extension
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Abstract

Authors present a case with papillary thyroid
carcinoma showing minimal extrathyroidal
extension (ETE). The ETE, which is defined
as tumor extension beyond the thyroid gland
in surrounding tissues, is one of the major
determinants of accurate staging. Though it is
considered as a prognostic parameter in all
guidelines, the evaluation and interpretation of
microscopic ETE remain problematic due to
the thyroid gland’s anatomical features. By
TNM classification (seventh edition), differentiated thyroid carcinoma with ETE is designated by T3 (minimal invasion, invasion into
the sternothyroid muscle or perithyroid tissues), T4a (extended invasion), or T4b (more
extensive unresectable invasion) according to
the degree of tumor involvement. Though outcomes from gross ETE are worse than those
from microscopic ETE, both are recognized as
risk factors on prognosis and recurrence rate.
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34.1

Case Presentation

A 49-year-old woman presented for routine
screening of thyroid gland due to newly diagnosed papillary thyroid carcinoma in her daughter. The patient was euthyroid and asymptomatic.
Physical examination was unremarkable except a
palpable firm nodule on the right lobe. Thyroid
ultrasonography (USG) revealed 10 × 8 mm
markedly hypoechoic solid solitary nodule with
microlobulated margins and increased anteroposterior diameter on the upper pole of the right lobe
showing bulging into the adjacent structures on
the anterior face (Fig. 34.1). The thyroid gland
was slightly heterogeneous suggesting autoimmune thyroiditis. The contralateral lobe was normal, and no abnormal lymph nodes were
visualized in the central compartment and lateral
neck.
USG-guided fine needle aspiration (FNA)
cytology of the nodule showed a “malignant/
papillary thyroid carcinoma” (Bethesda class
VI). Total thyroidectomy and prophylactic central lymph node dissection were recommended
to her by multidisciplinary team mainly
because of suspicious sonographic findings for
extrathyroidal extension (ETE). On gross
examination, the cut surface of the tumor in the
upper pole of the right lobe was gray-white and
hard with infiltration into the adjacent thyroid
parenchyma measuring 1.2 × 0.8 × 0.8 cm.
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Fig. 34.1 Axial (a) and longitudinal (b) sonograms of
the right thyroid lobe show markedly hypoechoic solid
nodule with microlobulated margins which proved to be a
papillary thyroid carcinoma. The tumor shows anterior

protrusion (arrows) with disruption of thyroid capsule in
some areas suggesting extrathyroidal extension. Skeletal
muscle invasion is confirmed at the final pathology

Central lymph node dissection material was
also sent along with thyroid specimen measured 2 × 2 × 0.6 cm. Materials were fixed in
10% formalin and embedded in paraffin, and
deparaffinized sections were stained with
hematoxylin-eosin. The histopathologic findings were consistent with follicular variant of
papillary thyroid carcinoma without tumor

capsule [1]. The tumor showed microscopic
ETE, including infiltration of the skeletal muscle (Fig. 34.2), and the outer surface of the
specimen (inked edge) was positive. The
remainder of the thyroid parenchyma showed
Hashimoto’s thyroiditis. The tumor was staged

as T3b using the eighth edition of the American
Joint Committee on Cancer/Union for
International Cancer Control manual [2].
There was no lymphovascular invasion at the
periphery of the tumor. Seven lymph nodes in
the central compartment were examined; none
of them presented metastatic deposits of thyroid carcinoma. The patient was stage III
according to the AJCC/UICC TNM system and
in intermediate-risk group according to the
2015
American
Thyroid
Association
Management Guidelines for Adult Patients
with Thyroid Nodules and Differentiated
Thyroid Cancer [3].

34 A Case of Papillary Carcinoma of the Thyroid with Minimal Extrathyroidal Extension
Fig. 34.2 Neoplastic
cells are arranged in a
follicular pattern of
growth. Skeletal muscle
invasion is visible at the
periphery of the tumor
(arrows) (hematoxylin
and eosin staining,
magnification 20×)
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34.2

Discussion

One of the most important determinants of treatment and prognosis in patients with malignancy is
the stage of cancer. In papillary thyroid carcinomas, the ETE, which is defined as tumor extension
beyond the thyroid gland in surrounding tissues, is
one of the main determinants of accurate staging.
Therefore, the exact diagnosis of ETE is crucial
for both therapy and management [4, 5].
Identifying the stage of the disease (stage III
or IV) depends on the evaluation of ETE. In spite
of the fact that it is considered as a prognostic
parameter in all guidelines, the evaluation and
interpretation of microscopic ETE remain problematic due to the thyroid gland’s anatomical features [4].
On macroscopic examination, the capsule
may appear complete. However, Komorowski
et al. [6] showed that the thyroid capsule might

be focally incomplete or absent; thyroid follicles
may be found in the capsule or outside the gland
during the microscopic examination in a majority
of thyroid glands evaluated at the autopsy.
Moreover, extension into perithyroidal adipose
tissue is not a criterion for ETE because adipose
tissue can appear in the thyroid gland under normal conditions or various thyroid diseases [4, 7].
Thyroid tumor within adipose tissue and capsule invasion cannot be accepted as a standard of
ETE or as a thyroid carcinoma particularly in minimal extension (pT3). For this reason, skeletal muscle’s invasion is a more exact diagnostic finding of
ETE. Similar to adipose tissue in the thyroid, skeletal muscle may be seen in the thyroid gland under
normal conditions, especially in relation to the isthmus portion of the thyroid gland. It may be seen in
a variety of pathologic conditions as well. In this
situation, if present, a desmoplastic response may
be considered as evidence of ETE [4, 7].
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Similarly, pathology reports should give the
data of surgical margin status just as in other
organs. The outer surface of the thyroid gland
and/or the inked edge of the specimen are
described as the “margin” [4, 7]. In contrast to
other cancers, the role of margin status in differentiated papillary thyroid carcinoma is not wellknown. Recently, Wang et al. [8] reported that
positive microscopic margins in differentiated
thyroid carcinoma are not an independent predictor of local failure.
By TNM classification (seventh edition), differentiated thyroid carcinoma with ETE is designated by T3 (minimal invasion, invasion into the
sternothyroid muscle or perithyroid tissues), T4a
(extended invasion), or T4b (more extensive
unresectable invasion) according to the degree of
tumor involvement [9].
Depending on the applied pathologic criteria,
nearly 10–15% of thyroid cancers present with
ETE, with the most common structures involved
including the strap muscle, RLN, trachea, esophagus, and larynx [10, 11]. Minimal ETE is common, with a reported prevalence between 11 and
44%. However, it must be distinguished from the
major extrathyroidal extension, which implies
more advanced disease and worse prognosis [12].
Recently, Youngwirth et al. [5] reported that compared with patients without ETE, patients with
minimal and extensive ETE were more likely to
have larger tumors (1.4 cm vs. 1.8 cm and 2.0 cm,
respectively), lymphovascular invasion (8.6% vs.
28.0% and 35.1%, respectively), positive m
 argins
after thyroidectomy (6.1% vs. 35.2% and 45.9%,
respectively), and regional lymph node metastases (32.5% vs. 67.0% and 74.6%, respectively;
all p < 0.01). It has also been shown in a large
group of patients that differentiated thyroid cancer patients with no ETE had improved overall
survival compared with those with minimal and
extensive ETE. Other studies concluded that
though outcomes from gross ETE are worse than
those from microscopic ETE, both are recognized risk factors on prognosis and recurrence
rate [13].
Furthermore, according to the ATA, minimal
ETE is associated with intermediate risk, and
extensive ETE is associated with high risk for
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differentiated thyroid cancer [3, 5]. The definition of T3 has been revised for papillary carcinoma in the eighth edition of AJCC. If the tumor
is more than 4 cm in greatest diameter and is limited to the thyroid, it is reclassified as a T3a.
Tumors renamed as a T3b are defined by tumors
of any size with gross extrathyroidal extension
invading only strap muscles (sternohyoid, sternothyroid, or omohyoid) [2]. The new version of
AJCC accepts the invasion of the skeletal muscle
as the identifier for microscopic ETE. Therefore,
it seems necessary to adapt the new classification
to other guides (ATA, cap protocol, etc.).
Although thyroid lobectomy alone is seen as
sufficient treatment for small low-risk tumors
(unifocal, intrathyroidal carcinomas in the
absence of prior head and neck radiation, familial
thyroid carcinoma, or clinically detectable cervical nodal metastases), bilateral surgical procedure and prophylactic central lymph node
dissection would be preferred in tumors with
ETE to allow for the possible use of RAI remnant
ablation and facilitate detection of recurrent/persistent disease during follow-up [3, 14].

34.2.1 Evaluation and Diagnosis
High-resolution sonography has become an
essential tool for preoperative evaluation of
known or suspected thyroid cancer. In fact, surgical planning mostly depends on sonographic
findings such as tumor size, multifocality, ETE,
and lymph node metastasis. Defining ETE during
preoperative imaging has significant importance
in surgical planning and decision process. There
have been several studies evaluating the value of
preoperative sonography in the prediction of
ETE. The sensitivity and specificity of sonography in the evaluation of ETE were reported
between 62.9–85.3% and 68.9–97.6%, respectively [15, 16].
Diagnostic performance of preoperative USG
in the preoperative evaluation of primary tumors
and cervical lymph nodes in patients with papillary thyroid carcinoma has been compared with
computerized tomography (CT) by Choi et al.
[17]. In a series of 299 patients with PTC who
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underwent preoperative CT and USG, USG was
more accurate than CT in predicting ETE and
multifocal bilobar disease. The accuracy of staging was better overall with USG, and USG had
greater sensitivity than CT at predicting lateral
compartment metastases. USG also compared
with magnetic resonance imaging (MRI) in preoperative prediction of the ETE and showed
higher sensitivity (80% vs. 64.7%) and lower
specificity (70.4% vs. 84.9%) than MRI for predicting minimal ETE of PTC [4, 7]. Although the
diagnostic performance of USG was comparable
with MRI in the assessment of extensive ETE
(p > 0.05), USG had a significantly higher sensitivity (100%), NPV (100%), and accuracy
(92.6%) than MRI in the prediction of overall
ETE (p < 0.001).
There have been only a few studies defining
sonographic risk factors in the prediction of the
ETE. The existence of intervening normal thyroid tissue between the malignant nodule and the
thyroid capsule practically rules out gross ETE
with high accuracy. However, microscopic ETE
could not be excluded with this finding [18]. On
the other hand, (1) direct contact of the malignant
nodule with thyroid capsule (abutment), (2) disruption of the perithyroidal echogenic line (thyroid capsule), and (3) protrusion of tumor directly
into the adjacent structures were suggested as
sonographic risk factors for ETE [15–22]. A capsular protrusion is defined as the bulging of the
tumor into the adjacent structures, while capsular
abutment is defined as the lack of intervening
tissue between the malignant nodule and the thyroid capsule. The relationships between tumor
and thyroid capsule are further categorized
according to the degree of the capsular abutment
(<25%, 25–50%, and >50%) since higher scores
reflect a higher possibility of ETE [15, 20].
Shimamoto et al. reported that protrusion of
malignant nodule into the surrounding tissue
with loss of normal tissue boundaries was an
equivocal finding for ETE, but protrusion with
loss of mobility during vending was a definite
sonographic evidence of T4 tumor [15]. Lee et al.
found that protrusion was a statistically significantly better predictive factor than abutment [22].
In addition, an increasing perimeter ratio was
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also reported as a statistically significant predictive factor of ETE. On the other hand, the location of tumor (anterior vs. posterior) and
echotexture of thyroid gland (heterogeneous vs.
homogenous) were not statistically significant
factors for prediction of ETE [22].

34.2.2 Management
The ETE by primary tumors and lymph node
metastasis are previously reported as independent risk factors of recurrence [23]. Moreover, a
larger tumor size and a higher lymph node stage
have been found as the best predictors of ETE in
sonographically suspected patients [21]. Though
both are recognized risk factors for prognosis and
recurrence rate [5, 13], there is a clear prognostic
difference between gross and microscopic
ETE. While patients with only microscopic ETE
had an overall excellent prognosis, gross ETE
had markedly impaired prognosis [24]. This distinction is reflected in modern TNM staging system and guidelines also.
Since the microscopic ETE someway suggests
slightly more aggressive tumor biology, groups
may elect total thyroidectomy as initial surgical
treatment in patients with suspicious preoperative sonographic findings for ETE, as we did.
However, lobectomy would also be preferred in
carefully selected patient groups.
Though no nodal metastases were detected in
central compartment dissection material in our
case, skip lateral nodal metastasis should be
expected with primary tumors of the upper pole
[25]. So, we decided to use stimulated Tg levels
to rule out occult lateral nodal metastases and for
decision of RAI use. According to our postoperative risk stratification and RAI decision protocol,
T4 suppression started after operation for 3 weeks
and stopped for another 3 weeks to check stimulated thyroglobulin (Tg) levels. At 6-week follow-up, TSH was 73 μIU/mL, and Tg level was
<0.1 ng/mL without Tg antibodies. Based on
excellent response to initial therapy, patient was
reclassified as low risk, and follow-up without
RAI ablation, using neck USG and serum Tg, is
recommended to her. At the 12-month follow-up,
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USG of the neck did not show any pathologic
lymph nodes in the central and lateral neck, and
serum Tg levels were undetectable with negative
Tg antibodies.
ATA 2015 intermediate-risk category includes
microscopic ETE, cervical lymph node metastases, RAI-avid disease in the neck outside the thyroid bed, vascular invasion, or aggressive tumor
histology [3]. Though postsurgical RAI was generally favored based on the risk of recurrent disease, to help guide this decision, local factors
such as the quality of preoperative and postoperative USG evaluations, availability of stimulated/
suppressed Tg measurements, experience of the
surgical team, and follow-up conditions should
also be taken into consideration in postoperative
RAI use. Still, we need high-quality evidence to
understand the therapeutic efficacy of the adjuvant use of RAI in various subgroups of patients
in the ATA intermediate-risk category. In our
case, adjuvant RAI was not indicated for her
management.

What Can We Learn from This Case?

• Ultrasound could supply critical information about preoperative prediction of
ETE and alter preferred initial surgical
strategy in patients with known or suspected thyroid malignancy.
• Existence and degree of capsular abutment, disruption of perithyroidal echogenic line (thyroid capsule), and
protrusion of tumor directly into the
adjacent structures are recognized sonographic risk factors for ETE.
• Though outcomes from gross ETE are
worse than those from microscopic
ETE, both are recognized risk factors
for prognosis and recurrence rate.
Currently, there is no consensus on the
use of adjuvant RAI treatment in
patients with microscopic ETE. Use of
RAI therapy in this setting (either for
remnant ablation to make follow-up
easier or as an adjuvant therapy) would

•

•
•
•

depend on many factors such as clinicopathological details, postoperative Tg
levels, USG finding, and experience of
the center.
Unlike macroscopic ETE of papillary
carcinoma, microscopic diagnosis of
minimal gross extrathyroidal extension
is quite problematic.
Safe diagnostic finding of ETE is skeletal muscle invasion.
Microscopic ETE should be presented
on final pathology reports.
We hope that the new revision (eighth
edition) of AJCC staging criteria will
lead to more efficient and standard diagnosis of ETE.
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Abstract

Bilateral total thyroidectomy is the standard
surgical procedure for metastatic thyroid cancers. In this section, the definition and the
extent of neck dissection will be discussed for
thyroid cancer patients with lateral neck
metastases. Since the first description of the
radical neck dissection by George Crile almost
a century ago, the surgical management of
thyroid cancer patients with metastatic
regional lymph nodes continues to be a challenge. The level of regional lymphatic spread
in thyroid cancer is independent of tumor size
and its location in the thyroid. In treatment,
cervical lymphatic dissection has a place only
in clinically proven metastatic disease. In clinically proven cases of nodal disease with preoperative USG and fine needle aspiration
cytology (FNAC) or thyroglobulin (Tg) measurements, lymph node dissection during surgery may reduce the risk of relapses and
possible mortality. In proven cervical metastatic disease, compartmental lymph node dissection is effective and adequate for treatment
and which is also the recommendations of the
guidelines.
B. Bozkurt
Division of Endocrine and Breast Surgery, Hitit
University Medical Faculty General Surgery
Department, Çorum, Turkey

35.1

Case Presentation

A 59-year-old male patient presented with thyroid nodules and cervical lymphadenopathy. He
stated that he had a mass on his neck for a long
while and that it had started growing recently.
Thus, he was revisiting his doctor. On physical
examination of the neck, the thyroid gland was
palpated as heterogeneous, multinodular, and
enlarged. There was a subclavicular extension on
the right lobe. Cervical lymphadenopathy could
not be found on the neck examination. His general physical examination was normal. Thyroid
ultrasonography (USG) that was performed at the
Endocrinology
Department
revealed
a
26 × 42 × 43 mm nodule with mixed echogenicity.
This nodule covered the left lobe and harbored
cystic components with border calcifications. On
the right lobe, there was a nodule of
21 × 37 × 43 mm with cystic components; the
nodule filled the middle and lower posterior parts
of this lobe. Numerous nodules were observed
within the parenchyma, and the sizes of the largest ones were provided (Fig. 35.1).
On the neck USG, in right level III, there was
a hypoechoic lymph node of 13.0 × 10.0 × 5.4 mm
with cystic components; its hilus could not be
visualized. Neighboring this node, there was
another one measuring 9.2 × 7.0 × 4.3 mm. In
right level IV, lymph nodes (LN) of
7.2 × 6 × 3.1 mm and 7 × 5.4 × 4.8 mm were
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Fig. 35.1 Thyroid and neck USG

observed; their hili could not be visualized either
(Fig. 35.1).
We mostly prefer to use the definitions of the
American Thyroid Association (ATA) guidelines
in our clinical practice. The latest revised ATA
guideline for thyroid cancer was published in
2016 [1]. With these findings, a fine needle aspiration biopsy (FNAB) was performed from the
right lobe of the thyroid gland.
The pathology report was as follows: On a
ground laid with colloid poor blood cells, there
were stratified thyroid follicular epithelial cells in
layers together with several Hürthle cells either
in solitude or small groups. There were histiocytes in between, as well as spindle-like atypical
cellular groups that were not very rare and that
might be associated with cyst lining epithelium.
There was no increase in the lymphoid cells
(atypia of undetermined significance (AUS) right
middle thyroid FNAB [2]). The described cytological findings may represent Hürthle cell
hyperplasia in a patient with multiple nodules.
However, Hürthle cell neoplasia cannot be ruled
out.
This case was reported as “clinical correlation
is recommended.” FNAB from the LN in level III
on the right was reported as malignant cytological findings compatible with papillary carcinoma
metastasis. The result of the FNAB that was performed with the suspicion of metastasis from the
LN with a 13 mm of long axis whose hilus was

not observed was reported as malignant cytological findings consistent with papillary thyroid carcinoma metastasis.
Pathological examination was reported as
papillary microcarcinoma; classical variant at the
right lobe; multinodular goiter at the right and
left lobes; one metastatic and eight reactive LNs
in the right central area; two metastatic and ten
reactive LNs at the left central area; three metastatic LNs at right level III; and 13 reactive LNs
at right level III and level IV. A microcarcinoma
focus of 6 mm was identified at the upper medial
portion of the right lobe of the thyroid gland; it
had intrathyroidal localization. According to the
AJCC/UICC TNM system, the patient was staged
as T1N1bM0, stage IVA [3].
As there were not any findings of advanced
disease or invasion of peripheral tissues during
USG evaluation, further investigations such as
CT, MRI, or PET were not considered (ATA
Recommendation (R) 33 (A) and (B) [1]).
The patient was discussed at the endocrine
council. Upon the decision of the endocrine
council, the patient underwent bilateral total thyroidectomy and bilateral central and right modified levels III and IV lateral neck dissection with
a diagnosis of metastatic papillary thyroid carcinoma. Intraoperative evaluation showed the
majority of the right thyroid as extended to the
subclavicular area and the anterior mediastinum
(Fig. 35.2).
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Fig. 35.2 Neck incision (left) and thyroidectomy specimen (right)

35.2

Discussion

Bilateral total thyroidectomy is the standard surgical procedure for metastatic thyroid cancers. In
this section, the definition and the extent of neck
dissection will be discussed for thyroid cancer
patients with lateral neck metastases.
Since the first description of the radical neck
dissection by George Crile almost a century ago,
many variations and modifications of the procedure have been discovered. These include the
functional neck dissection, the modified radical
neck dissection, and various selective neck dissections. The surgical management of thyroid
cancer patients with metastatic regional lymph
nodes continues to be a challenge.
The otorhinolaryngologist Osvaldo Suarez
and the anatomist Pedro Ara have described the
functional neck dissection for the first time while
the whole world was still performing radical neck
dissections under the influence of Halsted.

Several variations and modifications have been
described for radical neck dissection. These are
functional and modified radical neck dissections
and various selective neck dissections.
After 1991, neck dissections were reclassified in
2002. Today, the classification made in 2002 is still
valid. Nowadays, we do not type modified radical
neck dissections, we define the structures we protect with the new classification. Moreover, we do
not classify selective neck dissections anymore. We
only define the region we remove (Table 35.1).
In the year 2002, revised neck dissection classification is published; the level limits also
changed. To describe the boundaries between
levels II and III, the horizontal level determined
by the lower border of the hyoid bone is used
instead of the carotid bifurcation. Instead of linking the superior part of the omohyoid muscle to
describe the border between levels III and IV, the
horizontal level is determined by the inferior border of the cricoid cartilage (Fig. 35.3).
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Table 35.1 Changes in neck dissection classification
1991 classification
1. Radical neck dissection
2. Modified radical neck dissection (types 1, 2, and 3)
3. Selective neck dissection
(a) Supraomohyoid
(b) Lateral
(c) Posterolateral
(d) Anterior
4. Extended neck dissection

Hyoid bone

Cricoid cartilage

IA

IB

4. Extended neck dissection

IIA

IIB
Accessory nerve

III
VI

VA
IV

VB

VII

Fig. 35.3 Topographic anatomy of neck dissection

Selective neck dissection defines a cervical
lymphadenectomy where one or more of the
lymph node groups that are routinely removed in
the radical neck dissection are preserved. The
removal of lymph node groups is based on metastatic patterns, and these are predictable relative
to the primary disease site.
The role of therapeutic lymph node dissection
for the treatment of thyroid cancer nodal metastases is well accepted for cN1 disease [4–7].

35.3

2002 classification
1. Radical neck dissection
2. Modified radical neck dissection. No typing with
numbering; only protected structures are specified
3. Selective neck dissection. No special naming,
selective neck dissection, and removed levels, sublevels,
or other groups of nodes are written in brackets

Could the Lymphatic
Drainage of the Tumor Show
a Change Based on Its
Location Within the Thyroid
Gland? At Which Level
Should the Neck Dissection
Be Performed?

The lymphatics appearing from the inferiormedial aspect of thyroid lobes go after the
course of the inferior thyroid veins and empty

into the primary echelon nodes in pretracheal,
paratracheal (level IV), and lower jugular
regions (level IV) [8]. They secondarily drain
into the nodes of the anterior-superior mediastinum (level VII) and rarely into the lower mediastinal nodes. The lymphatics stemming from
the lateral aspect of the gland follow the middle
thyroid vein and empty into jugular lymph
nodes (levels II, III, IV). The lymphatics from
the superior aspect of the gland and the isthmus
drain into prelaryngeal (Delphian) and jugular
lymph nodes, particularly to the midjugular
nodes (Level III) [8].
However, lymphatic metastases in the thyroid
do not always follow this spreading plan. Skip
metastases can be seen in thyroid cancers.
Metastases to the lateral lymph nodes without
metastasis to the central LNs have been reported
in 9.6–45% of the cases in the literature [9, 10].
Skip lateral cervical metastasis can even reach
33% in microcarcinomas [11]. Interestingly,
although the tumor was a classical variant of papillary microcarcinoma, in this case, both the
bilateral central and right cervical regions harbored metastases.
Metastases in the cervical lymphatic chain are
most commonly seen in level IV (52%), to be followed by III (45%), V (33%), and II (30%). In
very advanced disease, metastasis in level I is
seen only after all other neck compartments have
been very intensely involved and particularly if
level II is involved [9] ATA R37 [1].
Lateral cervical lymph nodes (compartments
II–V), level VII (anterior mediastinum), and
rarely level I may be involved in thyroid cancer.
Unproven prophylactic lymph node dissections
are likely to lead to unwanted morbidity. Dralle
developed the technique of compartment-oriented microdissection of the central and lateral
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Fig. 35.4 (a–c) Therapeutic central neck dissection (a), lateral neck dissection (b, c)

compartments in patients with thyroid carcinoma in the early 1990s; this technique then
became a consensus-backed part of the guidelines [12, 13]. Thus, in patients with no signs of
lymph node metastasis, it is acceptable not to
perform lymph node dissection for two reasons:
(1) to minimize the risk of intraoperative injury
to the marginal mandibular branch of the facial
nerve and (2) to prevent associated functional
impairments to the accessory nerve [13]. The
ATA 2015 guide also provided a comment supporting this view. In clinically proven cases of
nodal disease with preoperative USG and FNAB
or thyroglobulin (Tg) measurements, compartment lymph node dissection during surgery may
reduce the risk of relapses and possible mortality
[1]. Neither clinical examination nor USG evaluation revealed any metastatic findings in other
areas of the neck in our patient. Following the
current literature, the patient was evaluated
intraoperatively, and only levels III and IV selective compartment lymph node dissection were
performed (Fig. 35.4a–c).
Medullary thyroid cancer (MTC) is less frequently encountered, and only treatment option is
surgery for MTC patients; in involvements of levels II–VII, or even in extensive level II involvement, levels I–VII therapeutic lateral neck
dissection should be performed.

35.4

Follow-Up and Outcome

The case was discussed at a multidisciplinary
endocrine council. The decision was that the
patient would complete the healing period and
wait for TSH levels to rise to allow for radioactive iodine treatment (RAT) and to receive

150 mCi I-131 treatment approximately a month
later. No residual activity was detected in wholebody iodine scintigraphy performed after
administration of 150 mCi RAT. The patient
who is currently in the third month after RAT is
being followed up with TSH suppression therapy. Replacement therapy was started with
100 μgm levothyroxine. At the end of the third
month, the last measured value of TSH was 0.75
for TSH, and then levothyroxine dose was
increased to 125 μgm.
According to the ATA 2009 Risk Stratification
System with Proposed Modifications, the
patient is in the intermediate-risk class (Because
of clinical N1 or >5 pathologic N1 with all
involved lymph nodes <3 cm in the largest
dimension, proposed modifications were not
present in the original 2009 initial risk stratification system. See ATA guidelines’ sections
[B19]–[B23] and recommendation 48B) [1]. If
a total thyroidectomy and RAT were performed,
an excellent response was usually defined as a
TSH-stimulated Tg of <1 ng/mL in the absence
of structural or functional evidence of disease
(and in the absence of anti-Tg antibodies) [14–
16]. An excellent response to initial therapy is
achieved in 86–91% of ATA low-risk patients,
57–63% of ATA intermediate-risk patients, and
14–16% of ATA high-risk patients [14–16]. The
target TSH value is below 0.1 uIU/mL; Tg value
is <0.2 ng/mL [1]. TSH and Tg levels were
monitored 1 month after the surgery and every
6 months after that, and a decision was made to
perform the follow-up with USG twice a year.
The objective of the treatment is to obtain an
excellent response. The excellent response is
defined as no clinical, biochemical, or structural
evidence of disease [1].
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The preceding recommendations should be
interpreted based on available surgical experience
and literature data; for patients with small tumors
without capsular or lymphovascular invasion
who are clinically cN0, the balance of risk and
benefit may favor thyroid lobectomy and close
intraoperative inspection of the central compartment, with intraoperative detailed control, and
the operative plan adjusted to total thyroidectomy
with compartmental dissection only in the presence of involved lymph nodes. However, the fact
that the patient cannot receive RAI I-131 therapy
should be taken into consideration.

What Can We Learn from This Case?

• The level of regional lymphatic spread
in thyroid cancer is independent of
tumor size and its location in the
thyroid.
• Histological type of the tumor, the age
of the patient, the size of the tumor, and
the presence of a capsular invasion
might increase lymphatic metastasis in
thyroid cancers.
• In treatment, cervical lymphatic dissection has a place only in clinically proven
metastatic disease.
• In clinically proven cases of metastatic
nodal disease with preoperative USG and
FNAB or Tg washout, surgical dissection
is the appropriate treatment choice.
• In clinically proven cases of metastatic
nodal disease, rather than the dissection
of all levels, selective dissection can be
applied only to the compartments that
are involved.
• Surgical resection with compartmental
node dissection may decrease the risk of
recurrence and possibly mortality for
patients with clinically evident nodal disease on the preoperative US and nodal
FNA cytology or Tg washout measurement or at the time of surgery [17–19].
• In medullary thyroid cancer, bilateral
central dissection and dissection of all
neck levels on the side of involvement
are the standard treatment option.
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Abstract

The extent of dissection for differentiated thyroid cancer in the neck is a balance between
the greater morbidity of more extensive neck
dissection and the possibility of leaving residual untreated metastatic lymph nodes.
Therapeutic unilateral nodal dissection is performed for cN1b disease. In order to prevent
morbidities and to prevent overtreatment, it is
suggested that risk factors of ipsilateral and
contralateral central lymph node metastases
should be considered while planning the extent
of central lymph node dissection in patients
with cN0 and unilateral papillary thyroid cancer upon preoperative neck ultrasound.

36.1

Case Presentation

A 33-year-old male patient presented with anterior neck swelling which gradually increased in
size during the last year. It was not painful, and
there were no skin changes overlying the skin
and no other swelling. He did not complain of
obstructing symptoms like shortness of breath or
difficulty in swallowing. He denied any hypo- or
S. Erel
General Surgery, Ankara Education and Research
Hospital, University of Health Sciences,
Ankara, Turkey

hyperthyroid symptoms. He has no history of
radiation exposure and family history of thyroid
cancer. He initially presented to another hospital
early this year where thyroid ultrasound (USG)
revealed a nodule in his right lobe of the thyroid
with suspicious features for malignancy. Then, he
was referred for USG-guided fine needle aspiration cytology (FNAC) to another hospital.
Physical examination revealed a solitary 2-cm
swelling to the right of the midline just above the
manubrium. The swelling was firm and smooth.
There were no associated palpable lymph nodes.
General examination revealed no further abnormalities. His serum levels of thyroid-stimulating
hormone (TSH) and free thyroxine were normal.
Neck USG showed that the dimensions of the
right lobe of the thyroid gland were
16 × 18 × 63 mm and left lobe were
12 × 17 × 46 mm. The right lobe contained
hypoechoic nodule with a size of 19 × 13 × 7
mm, located in the lower pole which has central
microcalcifications together with central and
peripheric vascularization. The lesion had minimal capsular invasion at its inferior border. No
pathological lymph node was noted in the neck.
USG-guided FNAC of the nodule was found as
suspicious for papillary carcinoma (Bethesda category V). He was subsequently offered total thyroidectomy with prophylactic central lymph node
dissection (CLND) because of the presence of
capsular invasion. The patient was a teacher; he
was very anxious about his voice change
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p ossibility after the surgery. Intraoperative recurrent nerve monitoring was used.
We performed a standard Kocher incision; the
skin flaps were prepared, and the sternocleidomastoid muscle was lateralized. At exploration,
there was a nodule with cystic components at the
right lobe. We identified the Delphian and prelaryngeal lymph nodes anterior to the cricothyroid membrane. We sent the Delphian node for
frozen section; the result was benign. We decided
to perform unilateral CLND only. We started
from the tumor-bearing right lobe, by preserving
superior parathyroid gland, cranial dissection
was completed. We routinely first elevated the
thyroid gland because superior retraction of the
thyroid gland allows removal of peri-recurrent
nerve nodes and peritracheal lymph nodes from
the medial part of the common carotid artery to
its origin at the branching point of the innominate
trunk (Fig. 36.1). In this region, dissection may
be performed from lateral to medial by preserving the recurrent laryngeal nerve.
The total thyroidectomy was completed en
bloc with paratracheal and pretracheal lymph
nodes and removing the isthmus from the pre-

tracheal fascia. Because perioperative appearance and size of the lymph nodes were not
pathologic, we did not send any of the lymph
nodes for frozen section from this region. The
intraoperative recurrent nerve monitoring system, unfortunately, was unhelpful because of
technical problems. Therefore, we especially
paid maximum attention to preserve the nerves
on both sides. He had no any voice changes and
no any hypocalcemia symptoms postoperatively. He was discharged from the hospital with
suppressive doses of levothyroxine on the second postoperative day.
The histopathologic evaluation confirmed the
diagnosis of papillary cancer at the right-sided
nodule with a largest diameter of 17 mm with
minimal capsule invasion. Three out of ten lymph
nodes of the central compartment were positive
for metastasis. According to pathology report
TNM classification of the tumor was pT1b, N1a,
M0 and was classified as in low-intermediate risk
group which consists of patients with T1-3, N1a,
M0, Mx [1, 2, 3].
He proceeded to receive radioactive iodine
ablation therapy. The post-therapy whole-body
131-I scan showed no radioiodine uptake in the
thyroid bed. The suppressive doses of levothyroxine were administered to maintain a TSH of
<0.01 μU/mL. Postoperative thyroglobulin (Tg)
was 0.18 ng/mL, and Tg antibody was <15 U/mL
at 5 months.

36.2

Fig. 36.1 Superior retraction of the thyroid gland allows
removal of peri-recurrent nerve nodes and peritracheal
lymph nodes. RLN recurrent laryngeal nerve, SPT superior parathyroid gland

Discussion

This case illustrates many of the issues and difficulties encountered in the management of
patients with papillary thyroid cancers (PTC)
who were clinically negative (cN0). Although
the patient was cN0 and there were no any suspicious lymph nodes at surgical exploration, three
lymph nodes were found to be metastatic in the
central region. Because of minimal capsular
invasion, we have planned prophylactic
CLND. In order to reduce postoperative morbidities, we have performed prophylactic CLND
only in the ipsilateral and pretracheal regions,
sparing the contralateral central neck. We have
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used frozen section analysis for the decision of
not performing contralateral CLND.
Although therapeutic compartment-oriented
CLND is the standard treatment for patients with
clinical nodal involvement (cN1), the role, the
indications, and the extension for therapeutic or
prophylactic CLND in patients with clinically
node-negative (cN0) neoplasms remain controversial [1–3]. The most important morbidities
associated with CLND consist of recurrent
laryngeal nerve damage and hypocalcemia
related to parathyroid hypofunction or accidental
parathyroidectomy [4–6]. In order to prevent
morbidities and to prevent overtreatment, it is
suggested that risk factors of ipsilateral and contralateral central lymph node metastases
(CLNM) should be considered while planning
the extent of CLND in patients with cN0 and
unilateral PTC upon preoperative ultrasonography [7]. According to ATA 2015, thyroidectomy
without prophylactic CLND is appropriate for
small (T1 or T2), noninvasive, cN0 PTC and for
most follicular cancers [8].
There are many studies identifying clinical
and pathologic factors that may predict CLNM in
cN0; unfortunately, the results were inconsistent
[9]. The high incidence of CLNM and low sensitivity of USG and computerized tomography
(CT) make it challenging to determine which factors are associated with subclinical CLNM. The
low sensitivity of USG and CT may be due to the
small size of the CLNM and presence of the
intact thyroid gland which may increase the difficulty of examining posterior lymph nodes
around the recurrent laryngeal nerve by USG
[10]. USG-guided FNAC, performed to obtain
both cytology and Tg determination, is commonly considered as the best available technique
for the early diagnosis of differentiated thyroid
CLNM. This technique is hampered by a 6–8%
false-negative rate [11]. A short-axis diameter
greater than 8 mm in level II and 5 mm for levels
III, IV, and VI raises the suspicion of malignancy
[12]. It is not able to detect every metastatic
lymph node in the central compartment. Because
of the small size and overlying thyroid gland
itself, FNAC from the central neck has limited
value. It can be performed in large lymph nodes
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which may have been already reported as suspicious at USG.
The efficacy of routine sentinel lymph node
biopsy (SLNB) is controversial, and it is not
widely used in the management of occult metastases in PTC. Although some authors have
reported high sensitivities for SLNB, it is of limited use in the management of clinically nodenegative papillary thyroid carcinoma because of
low sensitivity and a high false-negative rate [13,
14]. Careful examination of central lymph nodes
by palpation and inspection for morphological
changes during the operation may be helpful to
identify suspicious lymph nodes for frozen section [14]. In some cases, CLNM which are not
suspicious in preoperative imaging can be
detected during thyroidectomy by palpation or
inspection, and this may guide surgeon for therapeutic CLND [15]. Enlarged lymph nodes
exceeding 5 mm, and those with dark discoloration or hardness on palpation, were defined as
suspicious metastatic lymph nodes. Ji et al. found
out that the ability of the surgeon using intraoperative palpation and inspection to detect small
metastatic lymph nodes not detected by preoperative imaging and to guide therapeutic CLND has
limited value due to low sensitivity and specificity [14]. They reported that only the hardness of
lymph nodes has a relatively high positive predictive value for lymph node metastasis. If there is
any suspicious lymph node in the pretreacheal
region, it should be sent for frozen section analysis because if the Delphian node is positive, ipsilateral and bilateral CLNM risk is found to be
higher [16].
The technique of CLND differs on both
sides. On the right, lymph nodes are distributed
both anterior and posterior to the recurrent
laryngeal nerve, whereas on the left, lymph
nodes lie anteriorly. Thus, dissection of the right
side of compartment VI is technically more
demanding than the dissection of the left side.
The dissection of the paratracheal nodes is best
performed by initially identifying the recurrent
laryngeal nerve at the base of the neck and then
proceeding cranially. The lower parathyroid
glands should be identified and preserved before
starting the lymph node dissection. Thymus
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preservation should be the rule in prophylactic
CLND. When there is massive nodal involvement requiring a bilateral therapeutic CLND,
thymectomy and parathyroidectomy might be
the part of the operation [17].
In many meta-analyses, an elevated risk of
CLNM was found significantly associated with
male sex, age >45 years, and tumor size >2 cm
for PTC and >0.5 cm for papillary microcarcinoma, multifocality, location of primary tumor in
the central area and low lobe, lymphovascular
invasion, capsular invasion, and extrathyroidal
extension, but not with thyroid bilaterality and
chronic lymphocytic thyroiditis [1–3]. Several
oncogenes (p53, BRAF) are also associated with
nodal involvement [1].
A validated nomogram utilizing readily available preoperative variables has been developed to
give a predicted probability of CLNM in patients
presenting with PTC. This nomogram may help
guide surgical decision-making in PTC [18, 19].
All nomograms should be used as a supplement
to clinical knowledge and not as a substitute for
clinical judgment or common sense.

36.2.1 Future
Favorable outcomes of prophylactic CLND
were not clearly defined yet; therefore, in the
treatment of PTC patients with cN0, it is not
indicated, and more prospective, well-designed
randomized controlled studies are required in
order to demonstrate its clinical significance
and prognostic impact. In order to identify
high-risk patients who will benefit from CLND,
more precise criteria should be investigated for
preoperative assessment and decision for a tailored surgery. Validated nomograms may be
more helpful for decision of prophylactic or
therapeutic CLND.

What Can We Learn from This Case?

• Optimized and tailored surgery is
becoming the mainstay of treatment. It
is still difficult to define any precise factors for the decision of prophylactic
CLND in cN0 PTC patients. A prospective randomized controlled study does
not seem to be feasible because of the
low rate of recurrence and morbidity.
• Prophylactic CLND ipsilateral to the
tumor associated with total thyroidectomy may represent an effective strategy
for reducing the rate of permanent
hypoparathyroidism.
• Concomitant completion contralateral
paratracheal lymph node neck dissection should be performed if the lymph
node metastasis was reported at frozen
section pathology analysis. This
approach enables the surgeon to perform bilateral CLND to patients with
intraoperative pathological findings of
lymph node metastases.
• Although Delphian lymph node frozen
section analysis was benign, there might
be positive lymph nodes at final pathology report of central dissection.

References
1. Gambardella C, Tartaglia E, Nunziata A, Izzo G,
Siciliano G, Cavallo F, et al. Clinical significance of
prophylactic central compartment neckdissection in
the treatment of clinically node-negative papillary thyroid cancer patients. World J Surg Oncol. 2016;14:247.
https://doi.org/10.1186/s12957-016-1003-5.
2. Sun W, Lan X, Zhang H, Dong W, Wang Z, He L, et al.
Risk factors for central lymph node metastasis in CN0
papillary thyroid carcinoma: a systematic review and
meta-analysis. PLoS One. 2015;10(10):e0139021.
https://doi.org/10.1371/journal.pone.0139021.

36 Prophylactic Unilateral Neck Dissection for Differentiated Thyroid Cancer
3. Ma B, Wang Y, Yang S, Ji Q. Predictive factors for
central lymph node metastasis in patients with cN0
papillary thyroid carcinoma: a systematic review and
meta-analysis. Int J Surg. 2016;28:153–61. https://
doi.org/10.1016/j.ijsu.2016.02.093.
4. Giugliano G, Proh M, Gibelli B, Grosso E, Tagliabue
M, De Fiori E, et al. Central neck dissection in differentiated thyroid cancer: technical notes. Acta
Otorhinolaryngol Ital. 2014;34:9–14.
5. De Crea C, Raffaelli M, Sessa L, Lombardi CP,
Bellantone R. Surgical approach to level VI in
papillary thyroid carcinoma: an overview. Updates
Surg. 2017;69:205–9. https://doi.org/10.1007/
s13304-017-0468-2.
6. Giordano D, Valcavi R, Thompson GB, Pedroni C,
Renna L, Gradoni P, et al. Complications of central
neck dissection in patients with papillary thyroid carcinoma: results of a study on 1087 patients and review
of the literature. Thyroid. 2012;22:911–7. https://doi.
org/10.1089/thy.2012.0011.
7. Lee KE, Chung IY, Kang E, Koo do H, Kim KH, Kim
SW, et al. Ipsilateral and contralateral central lymph
node metastasis in papillary thyroid cancer: patterns
and predictive factors of nodal metastasis. Head Neck.
2013;35:672–6. https://doi.org/10.1002/hed.23016.
8. Haugen BR, Alexander EK, Bible KC, Doherty GM,
Mandel SJ, Nikiforov YE, et al. 2015 American
Thyroid Association management guidelines for adult
patients with thyroid nodules and differentiated thyroid cancer: the American Thyroid Association guidelines task force on thyroid nodules and differentiated
thyroid cancer. Thyroid. 2016;26:1–133. https://doi.
org/10.1089/thy.2015.0020.
9. Chen Q, Zou XH, Wei T, Huang QS, Sun YH, Zhu
JQ. Prediction of ipsilateral andcontralateral central lymph node metastasis in unilateral papillary
thyroid carcinoma: a retrospective study. Gland
Surg.
2015;4:288–94.
https://doi.org/10.3978/j.
issn.2227-684X.2015.05.06.
10. Lee DW, Ji YB, Sung ES, Park JS, Lee YJ, Park DW,
et al. Roles of ultrasonography and computed tomography in the surgical management of cervical lymph
node metastases in papillary thyroid carcinoma. Eur J
Surg Oncol. 2013;39:191–6. https://doi.org/10.1016/j.
ejso.2012.07.119.
11. Pacini F, Fugazzola L, Lippi F, Ceccarelli C, Centoni
R, Miccoli P, et al. Detection of thyroglobulin in

12.

13.

14.

15.

16.

17.

18.

19.

237

fine needle aspirates of nonthyroidal neck masses:
a clue to the diagnosis of metastatic differentiated
thyroid cancer. J Clin Endocrinol Metab. 1992;74:
1401–4.
Leenhardt L, Erdogan MF, Hegedus L, Mandel SJ,
Paschke R, Rago T, et al. 2013 European thyroid
association guidelines for cervical ultrasound scan
and ultrasound-guided techniques in the postoperative management of patients with thyroid cancer. Eur Thyroid J. 2013;2:147–59. https://doi.
org/10.1159/000354537.
Balasubramanian SP, Harrison BJ. Systematic review
and meta-analysis of sentinel node biopsy in thyroid cancer. Br J Surg. 2011;98:334–44. https://doi.
org/10.1002/bjs.7425.
Ji YB, Lee DW, Song CM, Kim KR, Park CW, Tae
K. Accuracy of intraoperative determination of central
node metastasis by the surgeon in papillary thyroid carcinoma. Otolaryngol Head Neck Surg. 2014;150:542–
7. https://doi.org/10.1177/0194599813519405.
Shen WT, Ogawa L, Ruan D, Suh I, Duh QY, Clark
O. Central neck lymph node dissection for papillary
thyroid cancer: the reliability of surgeon judgment
in predicting which patients will benefit. Surgery.
2010;148:398–403.
https://doi.org/10.1016/j.
surg.2010.03.021.
Zheng GB, Hao SL, Liu XC, Ning JY, Wu GC,
Wang D, et al. The clinical significance of Delphian
lymph node metastasis in papillary thyroid cancer. Zhonghua Er Bi Yan Hou Tou Jing Wai Ke Za
Zhi. 2016;51:842–5. https://doi.org/10.3760/cma.j.i
ssn.1673-0860.2016.11.008.
Sitges-Serra A, Lorente L, Mateu G, Sancho
JJ. Therapy of Endocrine Disease: central neck dissection: a step forward in the treatment of papillary
thyroid cancer. Eur J Endocrinol. 2015;173:199–206.
https://doi.org/10.1530/EJE-15-0481.
Thompson AM, Turner RM, Hayen A, Aniss A, Jalaty
S, Learoyd DL, et al. A preoperative nomogram for
the prediction of ipsilateral central compartment
lymph node metastases in papillary thyroid cancer.
Thyroid. 2014;24:675–82. https://doi.org/10.1089/
thy.2013.0224.
Hei H, Song Y, Qin J. A nomogram predicting
contralateral central neck lymph node metastasis for papillary thyroid carcinoma. J Surg Oncol.
2016;114:703–7. https://doi.org/10.1002/jso.24403.

Surgical Treatment of Locally
Advanced Papillary Thyroid Cancer
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Fatih Tunca

Abstract

Although the majority of the differentiated
thyroid carcinomas belong to low-risk group,
10–15% of these tumors present with locally
advanced disease. Aerodigestive tract invasion
is one of the challenging problems in these
patients. Here we have reported a patient who
presented with stage IV tracheal invasion of
thyroid cancer and underwent bilateral total
thyroidectomy, central neck dissection, bilateral modified radical neck dissection, and tracheal resection and primary anastomosis. The
histopathologic examination revealed multicentric papillary thyroid carcinoma of diffuse
sclerosing variant. The tumor was 6.5 cm with
diffuse lymphovascular invasion and extrathyroidal extension. Ten of the dissected 25
lymph nodes were metastatic. Diffuse angiolymphatic and cartilage invasion was found on
partial tracheal resection specimen with negative surgical margins. The patient received
postoperative adjuvant radioiodine treatment.
On the postoperative 6th month, nodal recurrence was detected at lateral neck region level
II, and segmental level II lymphadenectomy
was performed.

F. Tunca
Division of Endocrine Surgery, Istanbul University,
Istanbul Medical Faculty, Istanbul, Turkey

37.1

Case Presentation

A 38-year-old male patient presented with cervical mass and hemoptysis in February 2016. He
had no family history of thyroid cancer or history
of head and neck irradiation. Physical examination revealed a firm and fixed mass located on the
isthmus and bilateral cervicolateral lymphadenomegaly. The size of the isthmic mass was estimated as 6 cm by physical examination. His
thyroid function tests were all within normal
ranges. Neck ultrasonography (USG) revealed an
isthmic nodule expanding through the left thyroid lobe with USG features highly suspicious
for malignancy and bilateral multiple cervicolateral lymph nodes which had characteristics of
metastatic nodes. The fine needle aspiration
biopsy (FNAB) of both the nodule and the suspicious lymph nodes was reported as papillary thyroid carcinoma (PTC). According to the history
of hemoptysis, we preferred to perform a cervical
magnetic resonance imaging (MRI). The MRI
revealed an isthmic thyroid mass invading both
the anterior and the left tracheal wall and protruding into the tracheal lumen (Fig. 37.1) and also
bilateral cervical pathologic lymph nodes at levels II, III, IV, and V (Fig. 37.2). Vocal cords were
normal in the preoperative laryngoscopic examination, and the intraluminal extension of the
tumor was evaluated by tracheoscopic examination. We performed bilateral total thyroidectomy,
central lymph node dissection, bilateral modified
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Fig. 37.1 MRI showing the gross transmucosal involvement by thyroid carcinoma

Fig. 37.3 Intraoperative image of tracheal involvement
on the resection material

dissected 25 lymph nodes were metastatic.
Diffuse angiolymphatic and cartilage invasion
was found on partial tracheal resection specimen
with negative surgical margins.
The patient was classified as stage I according
to the TNM staging system (age < 45, T4a, N1b,
M0); nevertheless according to the ATA Risk
Stratification System with Proposed Modifications,
the patient was classified as ATA high risk because
of the gross extrathyroidal extension (ETE) (pT4).

37.2
Fig. 37.2 Both transmucosal involvement (arrow) and
bilateral metastatic cervical lymph nodes (stars) showed
on MRI

radical neck dissection, and tracheal resection
with primary anastomosis (Fig. 37.3) followed
by an end-to-end anastomosis. Bilateral recurrent
laryngeal nerves were identified and monitored
by using continuous intraoperative nerve monitoring (CIONM). Postoperative laryngeal examination showed the function of both vocal cords
was normal.
Pathological findings: Histopathologic examination revealed multicentric PTC of diffuse sclerosing variant. The maximum diameter of the
tumor was 6.5 cm with diffuse lymphovascular
invasion and extrathyroidal extension. Ten of the

Discussion

37.2.1 Evaluation and Diagnosis
Most of the patients with PTC have an excellent
prognosis. However, 10–15% of these tumors can
show aggressive behavior, such as local invasion,
resistance to treatment, distant metastasis, and
increased mortality [1]. ETE has the greatest negative impact on prognosis, with 10-year overall
survival rates dropping to 45% in patients who
have ETE compared with 91% for those who do
not have ETE [2]. In a review of 262 patients with
invasive thyroid cancer, the most commonly
involved structures included the strap muscles
(53%), recurrent laryngeal nerve (47%), trachea
(37%), esophagus (21%), lateral neck structures
including the great vessels and vagus nerve
(30%), and larynx (12%) [3]. Tracheal invasion is
the major ETE in our patient.
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Aerodigestive tract invasion may present with
prominent symptoms that direct the clinicians to
the site of invasion, such as hoarseness, stridor,
hemoptysis, and dysphagia [4]. In patients with a
fixed neck mass and stiffness, cough, and hoarseness, preoperative laryngoscopic examination is
critical. However, most of the patients with a
vocal cord paralysis may present without voice
changes due to compensatory function of the
contralateral cord [5]. In the recent years as a part
of nerve monitoring, preoperative laryngoscopic
examination has become a routine preoperative
examination which should be done in all patients.
Hemoptysis, stridor, or dyspnea could be the
symptoms of an airway invasion, and dysphagia
could be the result of esophageal compression or
invasion. In such cases, radiologic imaging
including computerized tomography (CT) or
MRI may help to evaluate the extent of the disease in the neck, laryngeal or tracheal involvement, and/or intraluminal extension. Due to the
history of hemoptysis in our patient, we performed MRI to stage the tracheal invasion to plan
the surgical management.
Imaging modalities also provide information
about the mediastinal extension of the disease.
Occasionally, the patient may require a tracheobronchoscopy or esophagoscopy to evaluate the
presence of gross mucosal involvement. As a
standard radiological imaging, USG should be
combined with FNAB to confirm the diagnosis of
a malignant thyroid mass preoperatively.

37.2.2 Management
In patients with locally advanced PTC, the
most commonly involved structures include
the strap muscles, recurrent laryngeal nerve,
trachea, esophagus, lateral neck structures
including the great vessels and vagus nerve,
and larynx [3].

37.2.2.1 Strap Muscle Invasion
The strap muscle invasion is the common form of
ETE according to the close relationship of the
structures. Only strap muscle invasion does not
worsen the prognosis, and the goal of the surgical
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treatment is to resect the invaded portion of the
strap muscle with negative surgical margins [6, 7].

37.2.2.2

 ecurrent Laryngeal Nerve
R
Invasion
The recurrent laryngeal nerve (RLN) invasion
occurs in 25–47% of the invasive cases [5, 8]. If
the RLN is paralyzed on preoperative laryngoscopic examination and found to be invaded
intraoperatively, en bloc resection of the RLN
with the thyroid cancer is the treatment of choice.
However, we have to keep in mind that RLN
paralysis could be related to pressure on the nerve
without invasion in some cases, and dissection
and preservation of the nerve have some potential
for nerve recovery [8, 9]. In case of both, vocal
cord functions were normal preoperatively; the
decision to sacrifice the nerve is challenging. In
such cases, the nerve should be sacrificed, if preservation requires leaving gross tumor behind.
However, before sacrificing the RLN, surgeon
has to be sure that the opposite RLN is not
invaded by the tumor and that it can be preserved.
Several studies have demonstrated that intraoperative nerve monitoring reduces the risk of permanent nerve injury and bilateral vocal cord
paralysis rate in patients with thyroid cancer and
for reoperative settings [10, 11]. Intraoperative
nerve monitoring will give prognostic information about the opposite nerve function during the
surgery. With a functioning RLN adherent to thyroid cancer but can be pealed clearly or if the
nerve could be preserved just leaving microscopic disease, then the nerve should be spared
[7, 12]. In these cases, there are no differences in
survival between patients in whom the nerve is
resected when compared with patients in whom
the nerves are preserved as long as patients
receive postoperative RAI [9].
37.2.2.3 Laryngotracheal Invasion
The trachea is the third common invasion site following the strap muscle and RLN occurring up to
37% of the locally advanced thyroid carcinomas.
Of these patients, laryngeal involvement only
occurs in 12% [3].
The surgical options for laryngeal involvement are peeling or shave procedures, partial
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laryngectomy, and total laryngectomy. Shaving
the tumor from the cartilage could be performed
in thyroid cancers invading the laryngeal cartilage without intraluminal involvement. Several
retrospective studies including patients with
laryngeal involvement have shown no difference
in survival between radical resection, and shave
procedures in case of all gross disease are completely resected [3, 4, 6]. The main purpose of
the treatment is to preserve laryngeal function.
In some cases, the laryngeal framework may
need to be resected. Up to 50% of the external
laryngeal framework could be resected with
internal laryngeal preservation [13]. In patients
with only one side has been invaded, partial laryngectomy is an appropriate surgical option
[14]. Total laryngectomy is a rare indication in
patients with thyroid cancer involvement; however, total laryngectomy could be performed in
patients with the recurrent disease with an invasion through the laryngeal lumen or cricothyroid
area. Early cricoid cartilage invasion can be
treated by shave excision [15].
The tracheal invasion has been more extensively studied due to its more frequent manner
relative to laryngeal involvement. However, a
few staging systems have been introduced to
describe the extent of invasion for planning the
surgical treatment options. Shin et al. [16] generated a pathologic staging system in PTC based on
the depth of tracheal invasion. McCaffrey [17]
has also constituted a staging system for aerodigestive tract involvement by well-differentiated
thyroid carcinoma based on the depth of invasion. In stage I, tumor is placed entirely within
the thyroid capsule without any invasion. In stage
II, tumor invades the perichondrium or firmly
abuts the muscle but does not invade into the cartilage or deeply into the muscular layer. In stage
III disease, tumor invades through the perichondrium into the cartilage or deeply into muscle,
but submucosa is not involved. In stage IV disease, tumor invades through the perichondrium
and cartilage or through the muscle, deforms the
submucosa, but does not penetrate the mucosa,
and gross transmucosal invasion of the tumor is
classified as stage V disease. McCaffrey recommended total thyroidectomy for stage I disease;
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complete gross removal by total thyroidectomy
and shave partial thickness excision for stage II
and III diseases; and complete aerodigestive tract
resection for stages IV and V [17].
In several retrospective studies, authors have
reported similar survival and recurrence rates
between radical resection and shave procedures
when all gross disease resection is completely
achieved in patients with laryngotracheal involvement [3, 4, 6, 18]. Segal et al. [19] reported that
they showed similar survival rates comparing conservative procedures followed by radioiodine
treatment and aggressive techniques. And they
reported less perioperative mortality and lower
overall morbidity in the conservative group. In the
study of Nishida et al. [20], authors reported higher
recurrence rates and shorter overall survival in
patients with Shin’s stage II or higher stages with
subtotal resection without airway resection.
Nevertheless, several others have reported higher
recurrence rates [13] and worse survival [13, 21] in
patients undergoing conservative resection for tracheal invasion. The disease-free and overall survival are worse in patients with tracheal recurrence
following shave procedures when compared with
patients undergoing tracheal resection at the initial
surgical procedure [12].
In cases with destroyed tracheal cartilage or
tumoral invasion into the trachea, more aggressive treatment other than shaving procedures
should be considered. Shaving procedures are
likely to leave macroscopic residual disease in
such patients. In patients with limited involvement of an anterior or laterally located tumor,
window resection could be a treatment of choice.
After the resection closure options could be primary closure or closure with strep muscle and
periosteum [6, 7, 13]. Sleeve resection and
reanastomosis are needed in patients with more
than one tracheal ring to be excised. Window
resection is not a suitable technique for tumors
with intraluminal involvement and if the tumor
invades both anterior and lateral tracheal walls.
In such cases circumferential tracheal resection
and primary anastomosis are required. A total of
5–6 cm of the trachea can be resected and primarily reanastomosed without tracheal or laryngeal
mobilization [6].

37 Surgical Treatment of Locally Advanced Papillary Thyroid Cancer

37.2.2.4 Esophageal Invasion
Esophageal invasion most commonly occurs in
association with tracheal invasion, although it
can also occur from extracapsular spread from
paratracheal or paraoesophageal lymph nodes
[12]. The mucosa of the esophagus is resistant to
direct tumoral invasion. Tumor invasion usually
confined to the muscular layer of the esophagus,
without mucosal or submucosal extension [3].
Resection of the involved tissue with negative
surgical margins avoiding esophageal entry is the
treatment of choice in such cases. If a full-thickness defect occurred during the resection, a tension-free watertight primary closure could be
performed, in patients with healthy and nonirradiated tissue. Segmental resection is needed in
patients with full-thickness or circumferential
esophageal involvement. In such cases, reconstructive options include myocutaneous pedicled
flap, fascial or fasciocutaneous flap, or gastric,
colonic, or jejunal tissue transfer [13].
37.2.2.5 Adjuvant Treatment
Patients with locally advanced thyroid cancer
have an increased risk for postoperative local
recurrences, regional nodal recurrence, and distant metastasis. Thyroid-stimulating hormone
suppression (TSH) and radioiodine ablation treatment (RAT) are the mainstay postoperative adjuvant treatments in patients with differentiated
thyroid carcinoma. However, patients with locally
advanced thyroid carcinoma often have tumors of
aggressive histology, and the role of RAI is not
well defined in some aggressive subtypes. For
patients with only anterior strap muscle invasion
and complete tumor resection, no additional therapy may be required. In case of risk for residual
microscopic disease or with significant local invasion into the larynx, trachea, recurrent laryngeal
nerve or esophagus, external beam radiotherapy
(EBRT) is another adjuvant treatment option.
EBRT improve locoregional control in these
patients with differentiated thyroid cancer [6, 7,
12]. Classic chemotherapy regimens including
doxorubicin have partial response rates with poor
long-term outcomes. In the recent years, targeted
therapies such as RET kinase inhibitors, B-RAF
mutation targeting drugs, retinoids, and histone
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deacetylase treatments have emerged as an attractive treatment strategy in RAI refractory DTC
patients with locally advanced disease. However,
The American Thyroid Association (ATA) 2015
guideline weakly recommends that kinase inhibitor therapy should be considered in RAI refractory DTC patients with metastatic, rapidly
progressive, symptomatic, and/or imminently
threatening disease not otherwise amenable to
local control using other approaches.

37.3

Follow-Up and Outcome

The patient was classified as high risk because of
gross ETE according to the ATA Risk Stratification
System with Proposed Modifications. Serumstimulated thyroglobulin (sTg) and TSH level
was 24 ng/mL and 78 mIU/L, respectively, on the
postoperative 3rd week. The patient was scheduled for 150 mCi RAI treatment. On the postoperative 6th month, serum Tg level was >1 ng/mL
with suppressive TSH levels. The patient was
reevaluated with neck USG, and USG revealed
two suspicious level II lymph nodes. Then the
patient underwent a second operation for segmental lymph node dissection. Two of nine dissected lymph nodes were metastatic. Then the
patient scheduled for another 150 mCi RAI treatment with thyrogen (rhTSH). Negative images
were obtained on the post-ablation whole-body
scan. However, the suppressed Tg level is still
>1 ng/mL. According to the dynamic risk stratification scheme, patient was classified as biochemical incomplete response to treatment which has
20% risk to develop structural disease.

37.4

Future

Locally advanced thyroid carcinomas are mostly
associated with aggressive subtypes of differentiated thyroid cancers. In such cases, surgical
treatment and adjuvant therapies with RAI ablation and EBRT could be insufficient. Future
studies on targeted therapies are needed to
investigate if these treatments might provide a
better long-term outcome.
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What Can We Learn from This Case?

• Laryngotracheal invasion should be
considered in patients with nodular goiter presenting with hemoptysis.
• In such cases, preoperative CT or MRI
and laryngo-bronchoscopic examination could be performed to evaluate tracheal invasion and plan the extent of
tracheal resection.
• A total of 5–6 cm of the trachea can be
resected and primarily reanastomosed
without
tracheal
or
laryngeal
mobilization.
• According to the high recurrence risk in
these locally advanced thyroid carcinomas, patients should be followed up
closely. Patients have to be reevaluated
if the stimulated Tg levels >10 ng/mL or
Tg levels >1 ng/mL on thyroxin
treatment.
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Abstract

A considerable number of patients, undergoing less than total or near-total thyroidectomy
as an initial surgical treatment, will need reoperation for incidentally found thyroid carcinoma on final histopathology to provide
complete resection of possible multicentric
disease or to allow for efficient radioiodine
therapy. In the 2015 American Thyroid
Association guidelines for the management of
thyroid cancer, completion thyroidectomy
was offered to patients for whom a bilateral
thyroidectomy would have been recommended had the diagnosis been available
before the initial surgery. Older age
(>45 years), contralateral suspicious thyroid
nodules, a personal history of radiation therapy to the head and neck, and the existence of
familial differentiated thyroid cancer should
be taken into account to recommend a bilateral procedure to facilitate either radioiodine
therapy or follow-up. Since a significant proportion of thyroid surgery is still being performed by low-volume surgeons, the discovery
of large remnant tissue even after so-called
total thyroidectomy is not a rare issue. To
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enhance the safety and success of completion
thyroidectomies, new technologies and guiding methods are being used more often including
intraoperative
nerve
monitoring,
preoperative and intraoperative USG mapping, and gamma surgical probe.

38.1

Case Presentation

A 37-year-old woman presented to an endocrinology clinic of a state hospital with palpitation
and weight loss for 2 months. Her thyroid function tests (TFT) revealed hyperthyroidism.
Thyroid ultrasonography (USG) and scintigraphy confirmed the diagnosis of toxic multinodular goiter with the largest nodule being 2.5 cm in
size in the left thyroid lobe. She has been given
antithyroid medication and a fine needle aspiration biopsy (FNAB) performed from the left lobe
several weeks later. The result of FNAB was
reported as atypia of undetermined significance
(Bethesda category III). Upon normalization of
TFT, she has been referred to general surgery
department of the same hospital and underwent
so-called total thyroidectomy in November 2012.
The final pathology revealed a 2.5 cm unifocal
follicular variant of papillary cancer in the left
lobe with no extrathyroidal extension and no evidence of venous or lymphatic invasion. No lymph
nodes were removed at the time of surgery.
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She has been scheduled for radioactive iodine
(RAI) ablation, and L-thyroxin treatment stopped
for 4 weeks for endogenous TSH stimulation.
After 1 month, her physician realized that her TSH
level did not increase. She had a serum TSH of
7.04 μIU/mL, and thyroglobulin (Tg) level was
13.8 ng/mL without Tg antibodies. Afterward, she
had a thyroid scintigraphy that showed residual
a

thyroid tissue on the left thyroid bed. Completion
thyroidectomy was offered to her for an effective
RAI ablation, and she was referred to our clinic for
further evaluation and surgery.
A comprehensive USG of the neck during the
first visit in our center revealed three different
foci of residual thyroid tissue in left thyroid bed,
1.7 cc in total volume (Figs. 38.1, 38.2, and 38.3).

b

Fig. 38.1 Axial (a) and longitudinal (b) sonograms of residual thyroid tissues in left thyroid bed as three different foci
(hair-cross). SM strap muscles, Tr trachea, IJV internal jugular vein, CCA common carotid artery

a

b

Fig. 38.2 Axial (a) and longitudinal (b) sonograms of residual thyroid tissues in left thyroid bed as three different foci
(hair-cross). SM strap muscles, Tr trachea, IJV internal jugular vein, CCA common carotid artery
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b

Fig. 38.3 Axial (a) and longitudinal (b) sonograms of residual thyroid tissues in left thyroid bed as three different foci
(hair-cross). SM strap muscles, Tr trachea, IJV internal jugular vein, CCA common carotid artery

Residual thyroid tissues were in homogenous
echotexture, and no nodules were appreciated
within the remnant tissues. In February 2013,
completion thyroidectomy with prophylactic
central lymph node dissection is performed under
intraoperative electrophysiological nerve monitoring and by using radioguided occult lesion
localization (ROLL) technique. The final pathology revealed diffuse hyperplasia and six lymph
nodes from central compartment without any
metastatic involvement.

38.2

Discussion

Although our aim for this chapter is to discuss
completion thyroidectomy in differentiated thyroid cancer (DTC), first of all, we want to comment on the diagnostic procedures in this patient.
When evaluating the risk of cancer, it has been
accepted that a solitary nodule had a higher likelihood of malignancy than did a non-solitary nodule. However, in agreement with the other studies,
the risk of malignancy per patient was the same
and independent of the number of nodules [1]. In
a review and meta-analysis by Brito et al. [2], the
risk of malignancy is found to be slightly higher

in a solitary nodule compared with an individual
nodule as part of a multinodular goiter. They also
concluded that, this is mostly true in iodine-deficient populations [2].
Multiple thyroid nodules >1 cm may require
FNAB, based on sonographic risk criteria of each
nodule. A diagnostic USG in experienced hands is
the most critical issue to decide which nodule
needs to be biopsied especially in patients with
multinodular goiter. The FNAB of the dominant
or largest nodule might only be appropriate if all
the nodules have similar USG features. Otherwise,
applying only size criteria may lead to misdiagnosis in multinodular goiter [3]. Radionuclide scanning may also be considered in patients with
hyperthyroidism to identify hyper- and hypofunctioning nodules to avoid sampling of hyperactive
nodules since they rarely harbor malignancy. The
patients with scintigraphic findings suggesting
nodularity need to be correlated with USG to
prove both presence of concordant nodule and
nonfunctioning nodules which meet USG criteria
for FNAB [4]. In our patient, we were not quite
sure whether biopsied nodule, in fact, the same
one with malignant histopathology.
Decisions regarding the extent of surgery for
Bethesda category III nodules are influenced by
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several factors including size and number of the
nodules, family history of thyroid cancer, history
of personal radiation exposure, USG pattern,
patient preference, the presence of contralateral
nodularity, and coexistent hyperthyroidism [5–
9]. These risk factors impact the decision of thyroid lobectomy with the possible need for
subsequent completion thyroidectomy versus
total thyroidectomy up front. In our case,
although the initial operation was reported as
total thyroidectomy, the subsequent neck USG
and scintigraphy revealed that she had right total,
left subtotal thyroidectomy leaving a remnant tissue of nearly 2 g on the tumor side. It is possible
that the surgical team might plan to do a neartotal thyroidectomy; however, the remnant thyroid tissue was too much to call near-total
thyroidectomy for this case.
Thyroid lobectomy alone may be sufficient
initial treatment for low-risk papillary and follicular carcinomas; however, the treatment team
may choose total thyroidectomy to enable RAI
therapy or to enhance follow-up based upon disease features and/or patient preferences [10]. The
term completion thyroidectomy is usually used
for second operations after an initial lobectomy
on one side in the current literature. However, all
revision surgeries after less than total and neartotal thyroidectomy could also be referred as
completion thyroidectomy. The subtotal procedures, either bilateral or unilateral, is not recommended for any thyroid pathology in the 2015
American Thyroid Association (ATA) guideline.
For patients who have thyroid cancer >1 and
<4 cm without extrathyroidal extension, and
without clinical evidence of any lymph node
metastases, the initial surgical procedure may be
either a bilateral procedure (near-total or total
thyroidectomy) or a unilateral lobectomy [10].
A considerable number of patients, undergoing less than total or near-total thyroidectomy as
an initial surgical treatment, will need reoperation for incidentally found thyroid carcinoma on
final histopathology to provide complete resection of possible multicentric disease or to allow
for efficient RAI therapy. In the 2015 ATA guidelines for the management of thyroid cancer, completion thyroidectomy was offered to patients for
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whom a bilateral thyroidectomy would have been
recommended had the diagnosis been available
before the initial surgery [10]. Older age
(>45 years), contralateral suspicious thyroid nodules, a personal history of radiation therapy to the
head and neck, and the existence of familial differentiated thyroid cancer should be taken into
account to recommend a bilateral procedure to
facilitate either RAI therapy or follow-up [11,
12]. Patients with indeterminate nodules who
have a bilateral nodular disease, those with significant medical comorbidities, or those who prefer to undergo bilateral thyroidectomy to avoid
the possibility of requiring a future surgery on the
contralateral lobe, may undergo total or neartotal thyroidectomy, assuming completion thyroidectomy would be recommended if the
indeterminate nodule proved malignant following the first operation.
Since a large proportion of thyroid surgery is
still being performed by low-volume surgeons,
the discovery of large remnant tissue even after
so-called total thyroidectomy is not a rare issue.
Patients who are in need of a completion thyroidectomy frequently prefer or referred to high-volume surgeons or specialized endocrine surgery
units to optimize oncologic outcomes. However,
it is still likely that amount of remnant thyroid
tissue after completion thyroidectomy is greater
than total thyroidectomy procedures due to nature
of difficulty of revision surgeries even in experienced hands [13]. Therefore the completeness of
these types of operations is often doubtful especially in patients with more than one foci of
residual tissue in different sizes like in our case.
The timing of completion thyroidectomy is
another critical issue. It is recommended that
reoperations should be either performed within a
week of the first operation or at least 2–3 months
later.
There is still controversy for routine central
lymph node dissection (CLND) in DTC. Central
lymph node metastasis has been shown to be
associated with an increased risk of locoregional
recurrence but not with overall survival [13].
Therapeutic CLND should be included if the
lymph nodes are clinically involved. The advantage of prophylactic CLND argues against its
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application in reoperations. CLND also provides information about the use of adjuvant RAI
[14]. It may improve the posttreatment Tg levels
and decrease the need for repeated RAI treatments. In our previously published reports, the
positivity of CLND was more than 40% in papillary thyroid cancer, and complications of this
procedure are not more than the total thyroidectomies [15, 16].
As we mentioned before, the need for radioiodine remnant ablation is one of the major reasons
to recommend completion thyroidectomy in
some patients in whom the diagnosis of thyroid
cancer is not known preoperatively. In this scenario, the decision to recommend completion
thyroidectomy would depend on whether postoperative radioiodine therapy was deemed to be
appropriate for the patient’s risk of recurrence
and death. However, RAI ablation after completion thyroidectomy is not recommended on a routine basis and could be reserved for selected
cases.
The ablation of the remaining lobe with RAI
has been used as an alternative to completion thyroidectomy [17, 18]. There are limited data
regarding the long-term outcomes of this
approach. The data suggest similar clinical outcomes with a slightly higher proportion of
patients with persistent detectable Tg. This
approach may be helpful in patients for whom
completion thyroidectomy carries some increased
risk and for whom a delay in the length of time
required to achieve the destruction of the normal
thyroid, which follows RAI (as opposed to surgical resection), is acceptable.
To enhance the safety and success of completion thyroidectomies, new technologies and
guiding methods are being used more often
including intraoperative nerve monitoring, preoperative and intraoperative USG mapping,
and gamma surgical probe. Since normal thyroid tissue is avid for several radiopharmaceuticals (Tc-99m pertechnetate, I-123, or I-131),
finding residual thyroid tissue with the radioguided surgery after systemic application of one
of these agents seems very useful though it is
not unanimously agreed [19]. Doubts result
from differences in physical properties of
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applied radiopharmaceutical and methodology
including the type of isotope used, timing of
surgery, and the type of device used.
We would also like to comment on the
ROLL technique. It is a new localization technique that was originally described for nonpalpable breast lesions. The technique depends on
direct injection of a small quantity of Tc-99mlabeled particles (macroaggregated albumin,
colloid, etc.) into the lesion under radiographic
or USG guidance. Recently, the ROLL technique was used for nonpalpable nodal recurrences of thyroid cancer in the lateral and
central cervical compartments as well as for a
limited number of parathyroid adenomas [20,
21]. As the ROLL technique does not depend
on the systemic application of the radiotracer
and the concentrating ability of lesions, we
found this technique to be extremely helpful in
selected clinical problems in the cervical
region. We, therefore, use the ROLL technique
on a routine basis for patients with primary
hyperparathyroidism as well as for recurrent
papillary thyroid carcinoma in central and lateral cervical compartments. Radioguided surgery with ROLL seems more advantageous
than systemic applications of radiopharmaceuticals since technique requires considerably
less amount of radioactivity, does not depend
on the concentrating ability of lesions, and
does not include background activity.
The large remnant that triggers completion
thyroidectomy is referred to as residual tissue
>2 g in the literature [22]. The size of the thyroid
remnant is an important determinant predicting
hypothyroidism and total thyroid ablation with
I-131. For the RAI ablation therapy to be effective, the preferred TSH level should be higher
than 30 μIU/mL. It has been reported that patients
with a higher preoperative TSH level, smaller
body surface area adjusted volume, fewer ipsilateral nodules, and thyroiditis had a greater risk of
hypothyroidism after hemithyroidectomy [23].
Functionally, any size of remnant could be
defined as “large remnant” if TSH level does not
increase to expected levels within a reasonable
time (4–6 weeks) after stopping of levothyroxine
replacement.
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38.3

Follow-Up and Outcome

She returned to home after completion thyroidectomy with CLND, and her primary physicians
planned RAI ablation with 100 mCi (3700 MBq).
During the follow-up in October 2013, she had a
body scan that showed no uptake in the neck or
anywhere else in the body. Annual monitoring of
serum Tg and neck ultrasound was recommended
to her with the maintenance of serum TSH in the
low normal range. She has now been followed up
for 4 years without any evidence of recurrent disease. For the last 2 years, she was taking 112.5 μg
of levothyroxine per day, and her serum TSH was
below 1 mU/L, and Tg < 0.1 ng/mL without Tg
antibodies.

What Can We Learn from This Case?

• USG is very helpful to evaluate the
sonographic risk pattern of each nodule.
It has to be kept in mind that multiple
thyroid nodules >1 cm may require
aspiration, based on the sonographic
pattern. Both USG and FNAB have
great success in experienced hands.
• Similarly, since total thyroidectomy is
often recommended for patients with a
more advanced disease, with postoperative radioiodine remnant ablation in
mind, the typical patient for whom
lobectomy would be recommended
would not be a candidate for radioiodine, even if thyroid cancer were discovered on final pathology.
• One of the reasons to perform completion thyroidectomy is to enable the
patient to receive RAI ablative therapy,
and a less compelling reason may be
that follow-up with Tg measurements
may be less ambiguous in patients who
have been thyroidectomized.
• Patients with low-risk thyroid cancer
who have undergone thyroid lobectomy
can be followed by serum thyroglobulin
and neck ultrasound.
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FDG PET/CT in the Initial Staging
of Differentiated Thyroid Cancer
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Gülin Uçmak and B. Büşra Demirel

Abstract

Differentiated thyroid carcinoma (DTC) is the
most frequent thyroid neoplasm and has an
excellent prognosis with low mortality rate.
Despite the good prognosis, distant metastasis
at the time of diagnosis is the poorest prognostic factor in patients with DTC. It is important
to consider the most efficient combination of
treatments in the initial workup of these highrisk patients. If metastasis were found earlier,
some patients might subsequently experience
a reduction in tumor burden that may ensure
therapy success and significant improvement
in progression-free survival. F-18 FDG PET/
CT has a valuable role in the initial workup of
high-risk patients after total thyroidectomy. In
the current guidelines, FDG PET/CT is considered as a significant prognostic tool to
determine the patients at highest risk for rapid
disease progression and a sensitive method to
detect surgically resectable disease for the
selection of the patients who may benefit from
curative surgery and finally a reliable indicator
of therapy response. In conclusion, FDG PET/
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CT may alter the first-choice treatment modality instead prior to radioiodine ablation therapy (RAT) and may provide the decision for
surgery or radiation treatment of FDG-positive
metastatic foci; it can provide efficiency of
adjuvant RAT due to the reduction of tumor
burden and also may contribute an improvement of survival.

39.1

Case Presentation

A 51-year-old male patient was referred to our
department for further treatment with the diagnosis of metastatic papillary thyroid cancer (PTC)
after resection of the frontal bone lesion. His past
medical history was negative for known malignancy. No pathologic finding was observed
except a nodule with 2 cm diameter in the left
thyroid lobe on magnetic resonance imaging
(MRI) and ultrasonography (USG) which were
performed for exploring the neck. Then the
patient underwent total thyroidectomy with central compartment dissection. Histopathological
analysis of the tumor in the left thyroid lobe was
compatible with PTC with 3.6 × 3 cm in size and
with the poor histopathologic feature of extracapsular tumor invasion. Postoperatively serum thyroglobulin (Tg) level under TSH suppression was
671 ng/mL. There was no abnormal finding on
neck USG. The patient underwent F-18
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Fig. 39.1 Axial slices of the initial FDG PET/CT scan
demonstrated intense FDG uptake in the right occipital
region of the calvarium, destructive mass in the right

thoracic wall, in the posterior right iliac bone, and in the
right acetabulum

uorodeoxyglucose (FDG) positron emission
fl
tomography/computed tomography (PET/CT)
for initial staging. On PET/CT, pathological FDG
accumulations were seen in left frontoparietal
(SUVmax, 17.74) and right occipitotemporal
(SUVmax, 37.66) regions of the calvarium. In
addition, intense FDG accumulations were
observed in the destructive mass lesions located
on right thoracic wall (SUVmax, 33.10), right

iliac bone (SUVmax, 21.56), and right acetabulum (SUVmax, 18.41) with cortical thinning
(Figs. 39.1 and 39.2a).
In the light of PET/CT findings, the patient
underwent surgery for bone metastasis in calvarium and the mass located in right thoracic wall
for cytoreduction. External beam radiation therapy (EBRT) was administered to the cranium and
right acetabulum with palliative intent. Following
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Fig. 39.2 (a) demonstrates FDG PET/CT MIP image
performed for initial staging. Intense FDG accumulations
are clearly observed in left frontoparietal and right occipitotemporal regions in calvarium. In addition, intense FDG
accumulations are seen corresponding to the destructive
mass lesion on the right thoracic wall and bone metastasis
in the right iliac bone and right acetabulum. In (b), post-

therapy WBS with radioiodine uptake in metastatic
deposits is demonstrated. (c and d) demonstrate follow-up
PET/CT and the final post-therapy WBS after 350 mCi of
I-131. There is no pathological FDG uptake with regard to
metastatic lesions. On the final post-therapy WBS, only
slight activity accumulations on the left frontoparietal
region and right acetabulum

radiation therapy, a dose of 250 mCi (9.2 GBq)
radioiodine ablation therapy (RAT) was administered while serum TSH was >150 μIU/mL and Tg
was 668 ng/mL. Recombinant TSH stimulation
was not used, and TSH elevation was achieved by
thyroid hormone withdrawal prior to adjuvant
treatment as recommended by guidelines.
Premedication with oral corticosteroids, antiemetics, and careful hydration was given prior to
RAT. Post-therapy whole-body scan (WBS) performed 4 days after therapy demonstrated slight
radioiodine uptake in thyroid remnant and intense
uptake in left parietal, right frontoparietal, right
occipitotemporal, and right hemi-pelvis
(Fig. 39.2b).
In a period of 46 months, the patient received
a total cumulative dose of 1250 mCi RAI on four
consecutive sequences with careful monitoring
of bone marrow reserve. Following each consecutive therapy, Tg level both on and off L-thyroxine
declined gradually. On the final post-therapy
WBS, which was acquired 4 days after the admin-

istration of 350 mCi, slight radioiodine uptake
was still present only in the left frontal region and
right acetabulum, and serum Tg with endogenous
TSH stimulation decreased to 24 ng/mL
(Fig. 39.2d). In addition, no pathological FDG
uptake was seen on post-therapy follow-up PET/
CT (Fig. 39.2c).

39.2

Discussion

Differentiated thyroid carcinoma (DTC) is the
most frequent thyroid neoplasm and has an excellent prognosis with a mortality rate less than 10%
[1]. Despite the good prognosis, distant metastasis at the time of diagnosis is the poorest prognostic factor in patients with DTC. The
cancer-specific mortality in patients with distant
metastases varies from 36 to 47% at 5 years, rising even further to approximately 70% at 15 years
[2, 3]. The prevalence of distant metastasis is
10–15% in patients with DTC, while, in this
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s ubgroup of metastatic DTC patients, the distant
metastases are present at diagnosis in 50% of the
patients. The frequency of individuals diagnosed
with DTC presenting initially with distant metastatic disease is 1–9% [4]. The most frequent
sites of distant metastases are the lung and bone,
with a prevalence of 50–60% and 20–30%,
respectively. Liver, brain, and skin metastases,
which are much rare, are found in about 3% of
patients at the time of diagnosis with a widespread metastatic disease [5, 6]. In our case, multiple bone metastases were present at the time of
diagnosis in keeping with the literature.
Although the most common treatment is RAT,
the management of metastatic DTC requires an
integrated approach including both directed and
systemic therapies such as surgery, EBRT, chemotherapy, and targeted treatment agents if the
disease becomes iodine refractory. It is important
to consider the most efficient combination of
treatments in initial workup of high-risk patients.
If metastasis were found earlier, some patients
might subsequently experience a reduction in
tumor burden that may provide treatment success
and significant improvement in progression-free
survival [4].
Whole-body scan (WBS) after RAT with rising Tg level can demonstrate distant metastasis
earlier [7]. However, in a subgroup of metastatic
patients, post-therapy I-131 WBS may be false
negative and may not demonstrate the overall
extent of disease due to tumor heterogeneity.
F-18 FDG PET/CT has a valuable role in the initial workup of high-risk patients after total thyroidectomy. FDG PET/CT is widely used in the
postsurgical follow-up of DTC, particularly in
patients with negative I-131 WBS despite elevated Tg levels.
It is mostly accepted that FDG uptake in
DTC related to the loss of differentiated features and associates with aggressive behavior.
In patients with FDG-positive recurrences,
both progression-free survival and overall survival decrease compared to patients with FDGnegative tumors [8–10]. The current ATA
guideline suggests that FDG PET/CT should
be used when Tg levels >10 ng/mL with negative I-131 WBS [11]. PET/CT scanning may

G. Uçmak and B. B. Demirel

also be considered as a part of initial staging in
poorly differentiated thyroid cancers and invasive Hürthle cell carcinomas, especially those
with other evidence of disease on imaging or
because of elevated serum Tg levels. In addition, PET/CT is considered a significant prognostic tool to determine patients at highest risk
for rapid disease progression, a sensitive
method to detect surgically resectable disease
for the selection of patients who may benefit
from curative surgery select and finally a reliable indicator of posttreatment response following therapy [8–11].
In daily practice, the decision on the timing of
FDG PET/CT imaging should be individualized
for each patient, considering not only Tg levels
and I-131 WBS results but also the individual
risk on the basis of histopathological and clinical
characteristics [12]. In the presented case, FDG
PET/CT performed at initial workup prior to
RAT provided accurate staging with the detection
of surgically amenable lesions. Aggressive cytoreductive surgeries followed by EBRT provided a
significant reduction in tumor burden and
enhanced the efficacy of RAT in our patient.
Recently few studies have investigated the role of
FDG PET/CT in the initial evaluation of patients
with DTC [13–16]. It was reported that FDG
PET/CT concurrent with RAT could detect unexpected abnormal accumulations in 33% of the
patients, who have locoregional recurrence and
cervical lymph node metastasis [13]. In another
study, FDG PET/CT was performed about 1 week
after the first RAT in the high-risk patient group,
and they found that 29% of patients had positive
PET/CT findings and the treatment strategy for
21% of patients changed [14]. Similarly, FDGpositive additional lesions were found in 14% of
intermediate-risk to high-risk patients, in a previous study, and the authors indicate that the treatment was changed in 10% of their patients [15].
FDG PET/CT and Tg levels were found as predictors of progression-free survival, in a recent
study, which included newly diagnosed DTC
patients [16]. In this study, it was suggested that
FDG PET/CT has an independent prognostic
role, with a better progression-free survival in
patients with negative I-131 WBS. FDG uptake
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in metastatic patients with DTC is a major
negative predictive value for response to RAT
and an independent prognostic factor for survival
[9, 17]. It can also determine metastatic lesions
with high FDG uptake that may be more aggressive and should be targeted for therapy or close
monitoring. In consequence, FDG PET/CT may
alter the first-choice treatment modality instead
prior to radioiodine therapy and may ensure the
decision for surgical removal or radiation treatment of metastatic foci with FDG uptake; it can
provide efficiency of adjuvant RAT due to
reduced tumor load and also may contribute an
improvement of survival.

39.3

Follow-Up and Outcome

The patient is on follow-up for 6 years in our
clinic with stable serum Tg level about 2.5 ng/mL
under TSH suppression with no radiological
abnormal finding.

What Can We Learn from This Case?

• FDG PET/CT is widely used in the follow-up of DTC patients with increasing
Tg levels and negative WBS.
• FDG PET/CT has a most valuable role
in initial workup of high-risk DTC
patients.
• Metastatic lesions with high FDG
uptake may be more aggressive, and if
possible, they should be removed before
RAT in consequence of FDG findings.
• Combined treatments such as surgery,
EBRT, and targeted therapies also
should be performed in this group of
patients and may contribute an improvement of progression-free survival and
overall survival.
• As a molecular imaging method, FDG
PET/CT may predict the initial radioiodine therapy response and improve risk
stratification in the initial workup in
high-risk DTC patients.
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A Case of a Papillary Thyroid
Cancer with Gross Residual
Disease After Surgery

40

Ülkem Yararbaş and Zehra Özcan

Abstract

Locally advanced disease accounts for 5–15%
of the differentiated thyroid cancer (DTC)
patients. Although surgical excision of the
entire primary lesion is aimed for the optimum
disease management, incomplete resections
may occur especially in patients having invasions to recurrent laryngeal nerve, respiratory
tract, esophagus, or major vessels. Radioactive
iodine (RAI) treatment is the primary adjuvant
therapy modality in high-risk DTC cases. In
cases with RAI-resistant disease, external
beam radiotherapy (EBRT) may be an alternative. However, its role is debated due to the
lack of prospective data and also conflicting
results in retrospective studies. Since EBRT
may have some severe side effects, the consequences of uncontrolled disease and the potential complications of EBRT should be
considered comparatively.

40.1

Case Presentation

Seventy-two years old male patient with a neck
mass was operated in 2005. Histopathological
analysis revealed 2.5 cm, moderately differentiÜ. Yararbaş (*) · Z. Özcan
Ege University School of Medicine, Department
of Nuclear Medicine, Izmir, Turkey

ated papillary thyroid carcinoma. The tumor was
infiltrated to the trachea. Resection of the tumor
was incomplete, and technically completion of
the thyroidectomy was not found to be possible.
According to AJCC 7th Edition/TNM classification system differentiated thyroid carcinoma, the
patient was classified as stage IVa (T4aN0M0).
The patient received 200 mCi (7.4 GBq) of radioiodine therapy three times during the postoperative period. Radioiodine scans showed persistent
residual thyroid tissue in each post-therapeutic
scan. Unfortunately, the patient was lost to clinical follow-up and disappeared for an almost
10 years.
In 2015, the patient was admitted to our institution with respiratory problems. Serum Tg level
was elevated, and neck USG showed lymph
nodes in the left side. 18F-FDG PET/CT scan was
performed in order to demonstrate the extent of
the disease and showed hypermetabolic residual
thyroid lesion and hypermetabolic lymph nodes
in the left cervical region (levels 2, 3, 4) and in
right lung hilum. There were also multiple parenchymal nodules in lungs bilaterally. The patient
received two consecutive radioiodine therapies
200 mCi (7.4 GBq) courses with 1-year interval.
Post-therapy scans showed findings in accordance with previous PET/CT. Tg level was
greater than 300 ng/ml both in TSH suppression
or l-thyroxine withdrawal periods.
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40.2

Discussion

With the amelioration of technical aspect and
wider use of diagnostic tools and also the increasing incidence of the disease, the number of diagnosed differentiated thyroid carcinoma (DTC) is
increasing worldwide. Although the majority of
the cases present with small, intrathyroidal
lesions, locally advanced disease is not rare and
consists 5–15% of the DTC patients [1]. The
standard management of DTC includes surgery,
radioactive iodine therapy (RAI), and thyroidstimulating hormone (TSH) suppression.
Complete resection of the primary tumor is a
major determinant of the outcome. RAI and TSH
suppression steps have a complementary role
with the aim of minimizing disease recurrence
rate and metastatic spread risk [2]. Additionally,
in patients who had successful ablative RAI postoperatively, follow-up using thyroglobulin is
more reliable. Although meta-analysis shows
conflicting results on the necessity of routine
postoperative ablative RAI treatment in low-risk
patients, there is agreement on the use of RAI
treatment in patients with distant metastasis and
gross extrathyroidal extension [3, 4].
Regarding surgical approach, there is consensus on performing “shave” procedure in case of
minimal visceral invasion and “full-thickness
excision” for the transmural invasion of the trachea or esophagus. In case of intermediate invasions to superficial layers without submucosal
involvement, recent studies recommend less
aggressive surgical approaches accompanied by
postoperative adjuvant therapies [1]. Additionally,
resection of locally invasive thyroid cancers
involving recurrent laryngeal nerve, respiratory
tract, esophagus, major vessels, or strap muscles
is not always technically possible.
Incomplete resection of gross disease is well
known to have an unfavorable effect on prognosis
[1, 5]. In the study of Hay et al. in a large study
group consisting of 2444 thyroid papillary carcinoma cases with a median follow-up period of
15 years, disease-specific mortality rate was
found to be 4% and was observed in patients having the distant metastatic disease and gross residual disease persisting after resection [6]. Locally

advanced disease and therefore gross residual
disease following surgery occur especially in
patients having unfavorable prognostic factors
consisting of advanced age and aggressive histological subtypes including columnar, Hurthle
cell, tall cell, insular variants, and tumors bearing
poorly differentiated components [7, 8]. Although
RAI treatment is the primary adjuvant therapy
modality in high-risk DTC cases, RAI-resistant
disease is usually associated with similar risk factors causing aggressive disease. External beam
radiotherapy (EBRT) is an alternative when
locoregional disease control has not been
achieved using surgery and RAI. Due to lack of
prospective data and also conflicting results in
retrospective studies, the role of EBRT is debated
[9]. However, guidelines recommend the use of
EBRT in selective cases [2, 10].
In 2016 the Endocrine Surgery Committee of
the American Head and Neck Society reported recommendations that are based on literature review
and expert opinions regarding the use of EBRT for
locoregional control in DTC. According to this
report, in the management of gross residual or
unresectable locoregional disease, EBRT is recommended except for patients younger than 45 years
old with a limited gross disease that shows RAI
avidity [8]. The study of Chow et al. that is one of
the works forming the basis of the American Head
and Neck Society recommendations showed a
10-year locoregional recurrence-free survival of
63% using EBRT and 24% without EBRT in 217
papillary carcinoma cases (p < 0.001) [11].
Besides the conflicting results on the benefit
of EBRT, another concern is the adverse effects
of EBRT. Both the location of the thyroid gland
close to central neck structures and upper mediastinum and the necessity of a wide therapy field
with irregular margins complicate EBRT [12].
The acute phase complications include dermal
reactions, oral mucositis, pharyngitis, laryngitis,
xerostomia, and dysphagia. In the late phase,
fibrosis in regional muscles and soft tissues, tracheal and esophageal stenosis, chronic dysphagia, chronic laryngeal edema, and xerostomia
may develop. Radiation pneumonitis may also
evolve if lung parenchyma is included in the
radiotherapy field [13].
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In general, the EBRT can be performed with
curative, adjuvant, or palliative purposes. In
DTC, since even patients with unresectable disease or distant metastases will have relatively
long survival when compared with other oncological diseases, the consequences of uncontrolled disease and the potential complications of
EBRT should be considered comparatively.
Intensity-modulated radiation therapy (IMRT)
which may spare critical organs and enable dose
intensification is a relatively new technique.
Reduction in radiation exposure to normal tissues
reduces complications. Using IMRT, Schwartz
et al. reported a severe late morbidity rate of 2%,
which is significantly less than conventional
techniques with a 12% serious complication rate
[12]. In the same study, IMRT was not found to
have an impact on survival rates.

40.3

Follow-Up and Clinical
Course

Currently, the patient is 87 years old. He is stable
with the disease. Regarding RAI therapy, following a cumulative dose of 1 Ci, imaging studies
and Tg levels do not show a dramatic response to
radioiodine. When slow progression of the disease and potential complications of EBRT are
considered together in this particular patient,
EBRT is not currently performed. However,
EBRT appears to be an option in cases with gross
invasive residual tumors.

What Can We Learn from This Case?

• We encounter gross residual disease in a
small fraction of cases with differentiated thyroid cancer in our clinical practice. Fortunately, as in the case described
in this section, most of the cases have a
slow progression. Review of the literature shows that EBRT must be considered as a complementary therapy
modality in cases with refractory disease
to radioiodine. Side effects of EBRT and
progression rate of the residual disease
should be considered together.
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The Effect of Positive Surgical
Margins After Thyroidectomy
on Patient Prognosis in Cases
with Differentiated Thyroid
Carcinoma

41

Gülin Uçmak and Burcu Esen Akkaş

Abstract

The presence of gross/macroscopic positive
margins and incomplete resection has long been
recognized as significant risk factors for disease
recurrence in patients with differentiated thyroid
carcinoma (DTC). However, this is less clear for
patients with microscopic positive margin when
other significant risk factors are not present. In
this chapter, two cases are presented in order to
discuss the impact of microscopically involved
surgical margins on disease recurrence.

41.1

Case Presentations

41.1.1 Case 1
A 55-year-old female patient was referred to our
Nuclear Medicine Department after total thyroidectomy with a diagnosis of multifocal papillary
thyroid cancer for clinical management and the
evaluation of radioiodine treatment. Tumors were
present in both lobes, and tumor sizes were 15 mm
and 2 mm. On pathology report, surgical margins
were reported as involved by tumor cells.

G. Uçmak (*) · B. E. Akkaş
Department of Nuclear Medicine, University of
Health Sciences (SBÜ) Dr. Abdurrahman Yurtaslan
Ankara Oncology Training and Research Hospital,
Ankara, Turkey

On thyroid scan performed after the i.v.
administration of 5 mCi Tc99m-pertechnetate,
activity accumulations compatible with small
thyroid residues were seen in thyroid bed. Neck
ultrasound (USG) revealed small residues on thyroid lobes and no enlarged lymph nodes were
seen in the central and lateral compartments. The
patient was not receiving any thyroid replacement. Her thyroid function test results were as
follows: free triiodothyronine (FT3) level of
0.7 pg/mL (reference range, 2.50–4.30 pg/mL),
free thyroxine (FT4) level of 0.4 ng/dL (reference
range, 0.90–1.70 ng/dL), and thyroid-stimulating
hormone (TSH) level of 54.2 μIU/mL (reference
range, 0.35–5.00 μIU/mL). Serum thyroglobulin
(Tg) level was 78.3 ng/mL. Anti-thyroglobulin
antibodies were within normal ranges.
An ablative I-131 dose of 150 mCi was chosen
for serum Tg level which was relatively high and
out of proportion to the residual thyroid tissue on
neck ultrasound. On post-therapy whole-body scan
(WBS), intense I-131 uptake was detected reflecting the residual tissues on thyroid bed, and no
abnormal uptake related to metastatic disease was
seen throughout the body. After therapy, the patient
was discharged from hospital with l-thyroxin
replacement treatment. A follow-up visit was conducted 3 months after the ablation therapy.
Clinical examination and neck ultrasound (USG)
were performed; serum TSH, non-stimulated Tg,
anti-Tg antibody levels, and complete blood
counts were checked during follow-up visits.
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Response to therapy was assessed based on Tg
values following after ablation therapy. Serum Tg
was 12.2 ng/mL on the first follow-up visit on
l-thyroxine therapy. Neck USG was negative for
the local disease. A 18F-FDG positron emission
tomography/computed tomography (PET/CT)
was also negative for residual and/or metastatic
disease (Fig. 41.1a).
A therapy dose of 200 mCi I-131 was given
9 months after the initial dose while serum TSH
and Tg were 93.4 μIU/mL and 31.9 ng/mL,

a

respectively. No pathological radioiodine uptake
was seen on post-therapy images (Fig. 41.1b).

41.1.1.1 Follow-Up and Outcome
On follow-up visits, serum Tg declined to 2.5 ng/
mL on l-thyroxine and remained stable in the
range of 2–3 ng/mL during the follow-up period
of 3 years. The patient is alive with a stable but
not localized disease (incomplete biochemical
response) with a serum Tg of 2.5 ng/mL under
l-thyroxine suppression.

b

Fig. 41.1 18F-FDG PET/CT maximum intensity projection (MIP) image in (a) and the whole-body scan after
administration of 200 mCi I-131. (b) Physiological

uptakes are observed on both images with no pathological
uptake reflecting residual or metastatic disease
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41.1.2 Case 2

41.2

A 60-year-old female patient was referred to our
Nuclear Medicine Department after total thyroidectomy for clinical management and the evaluation of radioiodine treatment. Two tumor types
were defined in the pathology report. A follicular
variant of papillary thyroid cancer, 10 mm in
size, was present in the left lobe and poorly differentiated insular carcinoma with 3 mm in size
in right lobe was seen. In addition, surgical margins were involved by tumor cells.
On thyroid scan performed after the i.v.
administration of 5 mCi Tc99m-pertechnetate,
small thyroid gland residues were seen on both
sides of thyroid bed. Neck USG revealed small
residues on thyroid lobes and no enlarged lymph
nodes were seen in the central and lateral compartments. Serum TSH level was 75.2 μIU/mL
(reference range, 0.35–5.00 μIU/mL), and Tg
level was 1.02 ng/mL; Anti-TG antibodies were
within normal ranges.
An ablative I-131 dose of 120 mCi was given
orally in an isolated room in our department. The
post-therapy whole-body scan (WBS) was
acquired 4 days later. Intense I-131 uptake was
detected reflecting the residual tissues on thyroid
bed, and no abnormal uptake related to metastatic
disease was seen throughout the body. After therapy, the patient was discharged from the hospital
with l-thyroxin replacement treatment.

Differentiated thyroid cancer (DTC) is the most
common endocrine malignancy. In many centers
throughout the world, clinical management of
patients with DTC has based on a risk-stratified
approach, supported by the major consensus
guidelines of the American Thyroid Association
(ATA) and European Thyroid Association (ETA)
[1, 2]. Total thyroidectomy and radioiodine remnant ablation are the mainstays of treatment in
patients with DTC. It is well recognized that
radioiodine remnant ablation facilitates the follow-up of DTC and reduces the risk of local
recurrences.
The prognosis of DTC is generally excellent
when appropriate treatment is given. The 10-year
overall cause-specific survival for DTC patients
is known as 85% even for patients with distant
metastasis [3]. However, the lifetime recurrence
rate is relatively high, reaching to 30% [4].
Incomplete resection and residual tumor burden
after thyroidectomy are among the most important risk factors for local recurrences and
increased morbidity. According to American
Thyroid Association, minimal extrathyroidal
extension of the tumor indicates an intermediate
risk for local recurrence (5–20% risk) [1].
However, it is not clear whether a microscopic
positive margin found only on final pathology
has similar implications on patient outcomes like
the gross positive margins.
The “margin” is defined as the outer aspect of
the tissue and/or inked edge of the specimen. The
determination of margin status is represented by
the evaluation of the relationship of the tumor to
the inked edge of the specimen. However, the
thyroid capsule is not a real anatomical structure.
Based on the autopsy series; it is shown that the
thyroid capsule may be missing or focally incomplete in many thyroid glands [5].
It may be considered that patients with positive
microscopic margins may have more advanced
tumors and may have increased risk for disease
recurrence than those with negative microscopic
margins. Lang et al. evaluated the impact of
involved margins and locations (anterior vs. posterior) on disease recurrence [6]. They reported

41.1.2.1 Follow-Up and Outcome
A follow-up visit was conducted 3 months after
the ablation therapy. Clinical examination and
neck USG were performed; serum TSH, nonstimulated Tg, anti-Tg antibody levels, and complete blood counts were checked during follow-up
visits. Response to therapy was assessed based
on Tg values following after ablation therapy.
Serum Tg was undetectable on the first follow-up
visit on l-thyroxine therapy. Neck USG was negative for the local disease. On the annual control,
iodine WBS performed 48 h after the administration of 5 mCi I-131 revealed physiological biodistribution of radioiodine. The patient is
considered cured and is still under follow-up with
l-thyroxine suppression therapy for 6 years.
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that posterior margins involved with tumor cells
did appear to increase disease recurrence, whereas
an anterior involved margin did not [6]. Kluijfhout
et al. reported in their series of patients with T1–
T2 tumors, 11% of patients had a microscopic
positive margin found on pathology examination,
and this finding alone did not increase the chance
of recurrence compared with those with a negative margin [7].
Although it is recommended that a positive
margin must be mentioned in the final pathology
report, studies on the effect of positive margins
and outcome in large series of patients with longterm follow-up are lacking. Indeed, there is not
enough data to date on the prognostic value of
close margins as an independent or co-variable.
There is still controversy about the term
“microscopic residual tumor.” Patients with
microscopic incomplete tumor resection after
surgery are classified as a high-risk group according to the ATA guidelines, and several retrospective reports have shown that external beam
radiotherapy is of benefit in high-risk patients
[1]. However, the term microscopic residual
tumor must be well clarified according to whether
the tumor remained limited to the thyroid gland
with only positive surgical margins or the microscopic tumor is left in the margins of the specimen of extrathyroidal areas. The two situations
may have a significant influence on the patient
outcome and must be taken into account when
determining the risk stratification on initial management individually.
The pathologists report that the existence of
tumor at the margin (i.e., capsule and/or ink)
does not correlate to incomplete excision as is in
other organs where there is continuity of the
entire viscera such that a real surgical and pathologic margin exists (www.cap.org) [8]. After
corrected for other significant factors, involved
margins may not be accounted for an independent factor for DFS.
However, the extrathyroidal extension may
reflect a worse prognosis. The diagnosis of extensive extrathyroidal extension is straightforward
and is usually established clinically; however, the
histological diagnosis of minimal extrathyroidal
extension may be problematic and subjective
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since the thyroid gland does not have a welldefined capsule.
There are many well recognized poor prognostic factors for patients with DTC. With appropriate risk stratification both before and closely
after thyroidectomy, patients with increased risk
of local recurrences and patients who are confronted with tumors with aggressive clinical
behavior may be identified successfully. Of these,
as a reliable marker for tumor burden, serum Tg
levels, in the absence of circulating Anti-Tg antibodies, may account for one of the most significant factors to tailor treatment for selected
patients who may need aggressive therapies and
close monitoring. There is a significant association between residual tumor and serum Tg levels.
Vural et al. reported that among patients with
recurrent DTC, serum Tg was significantly higher
in patients who had extrathyroidal spread at the
time of diagnosis [9].
Measurement of serum Tg has emerged as the
most accurate means of detecting persistent or
recurrent tumor on follow-up [9]. Tg levels either
on l-thyroxine therapy or not indicate the residual tumor burden after thyroidectomy and may be
used to tailor therapy. There is a close relation
between the serum Tg level after withdrawal of
thyroid hormone treatment and tumor mass, as
appreciated by the total surface and the total volume of metastatic foci. Furthermore, patients
with higher serum Tg levels more frequently had
an extracapsular extension and persistent foci of
uptake on postoperative 131I-WBS, indicating a
more extended disease [10].
The clinician must be alert for residual or
recurrent tumor if serum Tg level remains relatively high and out of proportion to the residual
thyroid tissue. Despite the numerous studies performed to correlate the values of postoperative
Tg, the optimal cutoff value for postoperative
serum Tg to guide radioiodine ablation decisionmaking has been unclear. Since there is inseparable integrity between Tg production and tumor
differentiation, the real existence of “an optimal
Tg level” may be questionable. Serum Tg level
indicative of recurrence may vary within a wide
range due to tumor heterogeneity or underlying
genetic factors that may play a role in prognosis.
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From this point of view, the term “out of proportion to the residual tissue or identified residual
disease” used to define serum Tg levels seems as
a more reasonable and rationale term to indicate
recurrent or persistent disease for Tg levels.
However, it is important to realize that not all
patients have Tg-producing tumors. It is a wellknown phenomenon that dedifferentiation process may lead to loss of Tg production. In
addition, although very rare, a little percent of
patients with differentiated thyroid cancer may
have undetectable or reduced serum Tg levels at
the time of diagnosis [11]. In such situations, Tg
retesting with different immunoassays may be
advisory in ruling out these pitfalls in a large
majority of patients.
The cases presented in this chapter demonstrate the significant difference with regard to
clinical behavior of the tumors and response to
radioiodine ablation even they have almost similar tumor characteristics. Both were age-matched
female patients with papillary carcinomas that
have similar tumor sizes with differentiated features. Herein, it is important to note that case 2
had insular-type thyroid cancer which is associated with aggressive clinical behavior and poor
prognosis. Despite the higher initial dose selected
for radioiodine ablation and the second dose was
given on follow-up and the lack of poor prognostic variant of thyroid cancer, a complete biochemical response could not be achieved in case
1. On the contrary, a successful therapy response
could be achieved in case 2 by ablation therapy
despite the presence of insular thyroid cancer. In
fact, two patients differed significantly with
respect to postoperative serum Tg levels. Case 1
presented with high serum Tg level (78.3 ng/mL)
under TSH stimulation which was indicative of
residual tumor burden, whereas case 2 had significantly low serum TG level (1.02 ng/mL).
In this chapter, we presented two cases with
papillary thyroid carcinoma that have almost
similar histopathological features with regard to
tumor histology, tumor size, and microscopic
margin involvement but have completely different outcomes. Despite the postoperative radiological findings that define almost similar
residues on thyroid bed, serum Tg levels were
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strikingly different between our patients.
Although there is still controversy about the
impact of residual microscopic disease on disease-free survival (DFS) in patients with DTC,
we considered that poorer DFS reported in
patients with positive surgical margins may be
more related to more advanced local and nodal
disease rather than the presence of involved
microscopic margins solely.

What Can We Learn from This Case?

• Thyroid gland does not have a welldefined structural capsule.
• The microscopically involved surgical
margin is completely different from
extrathyroidal invasion and seems to
have a negligible effect on patient
prognosis.
• Postoperative Tg level under TSH stimulation is an important factor in risk
stratification of patients with differentiated thyroid carcinoma.
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Low-Dose Radioiodine Therapy
in Well-Differentiated Thyroid
Carcinoma

42

Zehra Özcan and Ülkem Yararbaş

Abstract

Thyroid carcinomas are usually diagnosed in
small sizes and accepted as low-risk disease
without disease-related mortality. However,
there has been still controversy regarding the
optimal management of differentiated thyroid
carcinoma both in surgical technique and the
use of radioactive iodine ablation. Moreover,
there is also uncertainty about what activity
should be administered for ablative purposes.
In the current case, after completing almost
7 years of clinical follow-up without evidence
of disease recurrence, low-dose radioactive
ablation in thyroid cancer patients is discussed
under the relevant literature.

42.1

Case Presentation

A 53-year-old female with a history of nodular
thyroid disease on both lobes was referred for
diagnostic evaluation. An ultrasound-guided needle biopsy revealed suspicious findings suggesting malignancy. She underwent bilateral
thyroidectomy. Surgical specimen revealed three

foci of follicular variant of papillary carcinoma
with diameters of 1.2, 0.6 and 0.3 cm distributed
over left and right lobes. There was no evidence
of cervical lymph node involvement and extrathyroidal extension. According to the AJCC/
UICC TNM system noted in ATA guideline 2015,
she was defined as T2N0M0 and stage I [1].
Postoperative TSH was 57.05 μIU/mL (normal
range: 0.35–5.50) and Tg was 3.82 ng/mL (normal range: 1.6–60). Anti-thyroglobulin antibody
levels were not elevated. Two months after thyroidectomy, she received 29.7 mCi (1100 MBq)
radioactive ablation therapy.

42.2

Discussion

Postsurgical radioactive iodine treatment has
been playing an important role in differentiated
thyroid carcinoma. It aims to destroy residual
thyroid tissue therefore eliminating thyroglobulin
secretion and iodine accumulation which are
used as biomarkers in the follow-up setting [2–4].
However, there is no consensus regarding the
amount of activity for ablation therapy [5, 6].
Mostly given in fixed doses, the low activity of

Z. Özcan (*) · Ü. Yararbaş
Ege University School of Medicine,
Department of Nuclear Medicine, Izmir, Turkey
© Springer International Publishing AG, part of Springer Nature 2019
T. Özülker et al. (eds.), Thyroid and Parathyroid Diseases, https://doi.org/10.1007/978-3-319-78476-2_42

269

270

I-131 ranged from 800 to 1100 MBq. Due to the
potential side effects in the acute period after
I-131 therapy such as salivary gland dysfunction
or long-term carcinogenetic effects, there has
been a trend to manage with low iodine doses in
patients with low-risk DTC. Moreover, this
approach has practical advantages as there is no
need for hospitalization and decreased costs as
well. In the revised guidelines by ATA in 2015,
this approach has appeared as a strong recommendation with high quality evidence, and it has
been stated that low-dose I-131 remnant ablation
has been generally favoured in patients with lowrisk or intermediate-risk profile who had total
thyroidectomy [1]. It has also been well-established that ablation therapy may not be indicated
in patients with micropapillary carcinoma without high-risk features. In their meta-analysis
reviewing nine randomized trials, Cheng et al.
documented that low-dose strategy with
1100 MBq I-131 was sufficient to achieve remnant ablation with similar efficacy to 3700 MBq
radioiodine activity [7]. While focusing on the
success rate of ablation dose, they have found
that 3700 MBq activity provided 7% higher rate
than 1100 MBq activity if the negative I-131 scan
was used alone (RR, 0.93, [0.87, 0.98]; p: 0.16).
However, the authors have concluded that this
high rate of ablation might not be remarkable
when side effects of high dose or hospital stay are
taken into account [7]. On the other hand, in the
study of Fallahi et al., the difference between the
success rates of 1100 and 3700 MBq was significant (39 vs 68%, respectively) [8]. It seems that
the extent of thyroid surgery, patient selection
and criteria used in defining successful ablation
may be responsible for these different rates. It has
also been found that a single 800 MBq I-131 provided 58% success rate in low-risk DTC when
negative ultrasound, undetectable Tg and negative iodine uptake or scan is defined as successful
ablative treatment [9]. However, most of the studies did not provide data for long-term effects, as
the assessment of ablation success was limited
for 6–12 months. Regarding the therapeutic out-
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come in the long term in a prospective comparison of 1100, 2200 and 3700 MBq I-131,
respectively, Kukulska et al. have demonstrated
no significant differences in the 5 years efficacy
[10]. However, the number of patients requiring a
second course of radioiodine was higher in
patients who received initially low activity. While
focusing on success rate and long-term clinical
outcome, Han et al. showed that low-dose RAI
therapy equally well-performed in patients with
small DTC having an extra-thyroidal extension
[11]. No significant difference was found between
the low- and high-dose groups. More importantly,
clinical recurrence was not observed in both
groups in the follow-up after a median of
7.2 years. Overall, the published data so far
implied that successful ablation rate provided
with 1100 MBq was not inferior to 3700 MBq
I-131. The results were also similar in trials using
recombinant TSH (rhTSH) during preparation
prior to I-131 ablation [12, 13]. Mallick et al.
conducted a randomized study comparing lowand high-dose radioiodine treatment combined
with thyroid hormone withdrawal or thyrotropin
alfa [12]. The authors showed that remnant ablation was similarly successful in groups receiving
low-dose and high-dose treatment (85.0% and
88.9%, respectively). The success rate was also
almost similar to those with thyrotropin alfa and
thyroid hormone withdrawal groups (87.1% and
86.7%, respectively). However, higher rate of
adverse effects including neck pain and nausea
was noted in patients undergoing high-dose treatment. In agreement with these results, the randomized prospective study of Schlumberger et al.
also indicated that low-dose RAI ablative therapy
in combination with rhTSH represents an effective and attractive option providing good quality
of life [13]. The use of rhTSH instead of T4 withdrawal has the advantage of eliminating hypothyroidism before ablation therefore improves the
quality of daily life. In ATA guideline 2015,
rhTSH is recommended strongly with the moderate quality of evidence in ATA low-risk and intermediate-risk patients without extensive lymph
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node involvement in whom ablation therapy is
planned [1]. It is stated that rhTSH provides
superior shorter-term quality of life, non-inferiority of remnant ablation and potentially no remarkable difference in the long-term outcomes.
Moreover, recently Wang et al. published a retrospective data covering patients also with extrathyroidal extension and positive lymph nodes
[14]. They have found that 1100 MBq activity
was not inferior to high-dose ablation even in
patients with microscopic ETE and pre-ablative
stimulated serum Tg <5 ng/mL irrespective of the
lymph node metastases. This observation was
parallel with the published data of Rosaria et al.
showing that low-dose ablation was efficient in a
group of patients with stage T3 and/or N1 papillary thyroid carcinoma [15]. On the other hand,
some authors underline the lack of long-term
prospective studies and, therefore, propose not to
change standard 3700 MBq ablation dose particularly given the trend towards less aggressive surgery which results in more remnant thyroid tissue

a

Fig. 42.1 Post-ablative I-131 scan (a) showing iodine
accumulation in thyroid bed and follow-up diagnostic
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[6]. It is suggested that individualized dose
assessment fitting to the patient needs considering long-term surveillance and quality of life
with a lower cost should be integrated in clinical
practice.

42.3

Follow-Up and Clinical
Course

In the current case, low-dose ablative therapy
provided success rate after a single course of
RAI. Whole-body scan obtained at 12 months
after remnant ablation was negative in agreement
with undetectable serum Tg level (Figs. 42.1 and
42.2). She continued with l-thyroxine treatment
and currently completed 7 years of therapy without evidence of recurrent disease. At the final
clinical visit, serum Tg was <0.1 ng/mL when
she is on T4 and neck ultrasound obtained yearly
was negative supporting long-term efficacy of
low-dose ablation therapy.

b

I-131 at 12 months is presented. Follow-up scan (b)
obtained while T4 off, shows no evidence of remnant tissue in agreement with undetectable serum Tg
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Fig. 42.2 Diagnostic
whole-body scan
obtained at 12 months
after remnant ablation
with radioiodine
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What Can We Learn from This Case?

• Ablation therapy with low-dose RAI
provides similar success rate in comparison with high dose in patients with
low-risk DTC.
• This approach has the advantages of
fewer side effects in the early post-treatment, short hospital stay and reduced
medical costs. While long-term prospective studies are limited, late occurrence
of
secondary
neoplasms
theoretically will also be of less concern
when low-dose RAI is given.
• The current literature shows also promising results for low-dose ablation therapy combined with rhTSH instead of T4
withdrawal. This approach, when available, may be a reasonable option as
symptoms of hypothyroid state before
RAI is eliminated.
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Dosimetric Approach in Metastatic
Differentiated Thyroid Cancer
and Hyperthyroidism
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Abstract

Radioiodine (131I) therapy has been widely
used for well-differentiated thyroid cancer and
its metastases for many years. Two approaches,
namely, empirical dosage and dosimetrybased methods, are currently utilized to manage the therapeutic iodine activity.
Empirical dosage is based on the physician’s rating to suggest appropriate activity
within a certain range of without individualized dose planning. On the other hand, dosimetry-based approach implicates effective
activity administration leaning on specific
activity regulated by the organs at risk.
In this report, we propose and define
dosimetry-based treatment with examples of
differentiated thyroid cancer and hyperthyroidism cases.
Our results indicated that the implementation of dosimetry protocol might help to
administer larger amounts of activity controlled by critical organ dose limits, thereby
delivering lethal dose to tumors with no toxic-
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ity. It is also well demonstrated that dosimetric
approach is favorable for hyperthyroid patients
in order to deliver right amount of radioiodine
activity for efficient therapeutical response.

43.1

Introduction

Radioiodine (131I) therapy has been widely used
for well-differentiated thyroid cancer and its
metastases for many years. Its main purpose is to
destroy thyroid gland residues and possible distant metastases after near-total thyroidectomy.
Two approaches are currently utilized to manage
the therapeutic iodine activity for differentiated
thyroid cancer treatment; these are empirical
dosage and dosimetry-based methods.
Empirical dosage is the most widespread
strategy and based on the physician’s rating to
suggest appropriate activity within a certain
range of GBqs (normally 1.11–9.25 GBq) without individualized dose planning.
Unlikely, dosimetry approach implicates
effective activity administration leaning on specific activity regulated by the organs at risk.
Personalized dosimetric studies have been introduced early since 1962 by Benua et al. In their
study, red marrow was reported as critical organ,
and the radiation dose was limited to 2 Gy after
radioiodine therapy of thyroid cancer. Most often,
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the critical amount of radioiodine activity is
required in cases of differentiated thyroid cancer
(DTC) with metastases.
Maxon et al. [1] reported a comprehensive
study for tumor dose and related response. In this
study, the relationship between the delivered
radiation dose to the target tissue and the clinical
outcome was evaluated in 76 patients after radioiodine therapy. Briefly, the desired clinical outcomes were successfully achieved in patients
receiving approximately 300 Gy for residual thyroid tissue and a minimum of 80 Gy for metastatic thyroid cancer.

43.2

Dosimetry Methods

43.2.1 Thyroid Ablation Dosimetry
MIRD (Medical Internal Radiation Dose) method
is the most common technique to calculate the
absorbed dose of thyroid residues. Accordingly,
the amount of activity required to deliver 300 Gy
for ablation can be calculated using these
equations:

Dt = å 
At ·St ¬ S
s

St ¬ S =

k åni Eifi
i

mt

 is the cumulative activity, St ← S dose factor
A
Gy/MBq-s [dose from source (s) to target (t)], n
energy abundance per nuclear decay, E radiation
energy (MeV), ϕ fraction of energy absorption
by the target, m mass of the target organ (kg), and
k dose constant (Gy-kg/MBq-s-MeV)
A accounts for the
The cumulative activity 
total number of I-131 disintegrations in the
remaining tissue. Thyroid uptake probe device
might be easily operated to pursue the uptake
and elimination of the radioactivity. Dosimetry
commences with oral administration of ~100 μCi
131
I. Subsequent measures are then recorded
from the neck and thigh at several time marks
following administration (2, 24, 72, 144, 168 h).
The obtained counts are used to derive the
amount of corresponding activity to the measurement time. Finally, fitting curves are generated over time activity plots (Fig. 43.1). Finally,
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Fig. 43.1 Thyroid uptake over time (shape-preserving fit). After the last measurement point, the activity release was
evaluated with physical decay (exponential fitting)
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fitting curves are generated over time activity
plots , to find the cumulative activity (area under
the curve) (Fig. 43.1). It should be kept in mind
that the activity after the last measurement time
is assumed to have sole physical decay.
The S factors of variable residual tissue volumes can be reproduced by fitting the known
volume with a corresponding specific dose values generated by Monte Carlo simulations. The
volume of thyroid tissue can be estimated by
radiological modalities such as CT, MR, etc. or
planar scintigraphy. Finally, unit density sphere
model is the readily available method for
sphere-like dose calculations with a density of
1 g/cm3.

43.2.2 Metastatic Thyroid Cancer
Dosimetry
Treatment of metastatic differentiated thyroid
cancer implies administration of larger amount of
iodine activities. Thus, application of this regime
ought to be performed without exceeding the
maximum tolerated dose of the organ at risk,
which is red marrow. In general, MIRD method
is widely applied for calculating the absorbed
dose of red marrow and consequently the maximum safe activity that delivers 2 Gy to red marrow. The following equation below reported by
Wessels et al. [2] can also be used to estimate red
marrow dose:
DRm = DRm ( self ) + DRm ( Cross )
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DRm is the red marrow dose, Ăbl blood cumulative
activity in the blood, HCT hematocrit value,
S(RM ← RM) bone marrow self-dose factor for man
phantom (0.00001725 mGy/MBq-s), Mwb patient
weight, Ăwb total body cumulative activity, [Ăbl]
blood cumulative activity concentration [kg−1], and
S(Rm←WB) S dose factor of whole body to bone marrow. Such a correction should be made to express S
value for the remainder of body as mass dependent
when using Wessels et al. model. So S(Rm ← RB) can
be expressed as (3.26 × 10–5/Mwb patient).
Ultimately, the predicted absorbed dose is
depending on the accumulated activity and the
range of energy release in the target. To note that
some references exclusively recommend incorporating whole blood cumulated activity for
accurate red marrow self-dose estimation in
radioiodine therapy.

43.3

 ase Study of Metastatic
C
Thyroid Cancer Dosimetry

A 19-year-old female patient previously had been
treated for follicular thyroid cancer and later visited the department for the periodical follow-up.
The blood tests showed an elevated Tg level
(74 ng/ml) in addition to large bone lesions
detected in the pelvis and sternum on the 131I
whole-body scintigraphy.
The patient was subjected to pre-therapeutic
dosimetry protocol to optimize an effective, safe
activity. Approximately 74 MBq of radioiodine
was measured using a dose calibrator (Capintec

H. B. Sayman et al.
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CRzC25, Florham Park, NJ, USA). After a few
hours of fasting, the radiotracer was administered orally, and the patient was isolated in a
lead shielded room. Patients abstained from
consuming food or drink and micturition during
the first 2 h after radiotracer administration in
order to perform the first whole-body scintigraphy. Blood samples were withdrawn in conjunction with scintigraphy and kept in heparinized
tubes. Whole-body scintigraphy was acquired
with 10 cm/min scan speed using dual-detector
gamma camera equipped with high-energy parallel hole collimator (Siemens Symbia T16,
Erlangen, Germany). Settings of single 364 KeV
energy photopeak, 15% window width, and
matrix size of 256 × 1024 were selected for
imaging parameters. Series of whole-body scintigraphy were carried out at 6, 24, 48, 72, and
96 h following radioiodine administration
(Fig. 43.2). SPECT/CT acquisition was performed on the region with enhanced uptake to
estimate the lesion volume via fused SPECT/CT
slices. Volume determination was made by 3D

iso-contour technique and the threshold adjusted
to 40% for all lesions. Blood samples (2 ml)
were collected further after scintigraphy and
kept for measurement under uniform background. An aliquot of 0.5 ml was withdrawn
from each blood sample and counted. Then
decay-corrected counts were multiplied by a
calibration factor which was found experimentally using an 131I phantom. OLINDA/EXM
code was used for absorbed dose calculation of
red marrow and lesions. No scatter or spilled out
correction was applied.
Red marrow dose was calculated 0.087 mGy/
MBq, and thereby the maximum safe activity was
310 mCi with respect to the dose limit of red marrow (2 Gy). The absorbed doses of both sternal
and pelvic lesions were 9 and 11 Gy, respectively.
The decided activity for therapy was 150 mCi in
which the expected dose to red marrow would be
0.97 Gy and the delivered dose to both lesions
would be 675 and 825 Gy, respectively. The Tg
value after therapy was 1.02 ng/ml, and the
lesions showed complete regression.

43.4

Case Study
of Hyperthyroidism
Dosimetry

The 34-year-old female patient was diagnosed
with Graves’ disease and referred to radioiodine therapy. The blood tests showed TSH
level 0.01 μIU/ml, FT3 level 30 pg/ml, and
FT4 level was 3.45 ng/dl. Dosimetry-based
therapy plan was organized involving radiotracer administration of 0.3 MBq and quantitated by thyroid uptake probe. Five uptake
measurements were acquired over 1 week, and
the volume of the thyroid gland was measured
by ultrasound. The activity turnover in thyroid
gland was very slow, where the effective halflife was calculated as 180 h. Dose calculation
was made relying on the whole gland volume
and the activity residence time. Accordingly,
the administered activity was calculated as
7 mCi to deliver 200 Gy for an efficient therapeutical response.
Fig. 43.2 Whole-body scintigraphy after 48 h
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Discussion and Conclusion

The implementation of dosimetry protocol might
help to administer larger amounts of activity controlled by red marrow dose limit, thereby delivering a lethal dose to tumors with no toxicity. On
the other hand, empirical dosage regime is
deemed simple and practical but blind to consider
the individuality of patients. Moreover, subsequent therapies with low doses induce lesion
uptake reduction and suboptimal response. This
might support the rationale of maximum activity
administration equal/or somewhat less than the
estimated maximum safe activity for patients
with distal metastases. In condition of thyroid
ablation, dosimetry-oriented therapy interestingly demonstrated optimum response with low
activity level that would replace the traditionally
followed criteria of excessive needless doses.
A set of relevant limitations should be
addressed under the dosimetry concept, such as
lesion’s structure and heterogeneity or nonuniform dose distribution in the targeted tumors.
However, pretreatment dosimetry provides useful
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information about the radioiodine biokinetics in
blood, whole body, and cancerous lesions.
Furthermore, the joining red marrow and lesion
dosimetry approaches seem worthwhile to optimize the prescribed activity and to avoid unnecessary exposure to the internal organs.
Ultimately, patient-specific therapy is more
advantageous to the empirical regime as higher
activities can be safely administered in one strike
instead of multiple therapies with low activities
and deteriorated outcomes.
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Anti-thyroglobulin Antibody
Positivity During Follow-Up
of a Patient with Differentiated
Thyroid Cancer
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Abstract

Serum thyroglobulin (Tg) measurement is the
most important and sensitive marker of persistent and/or recurrent disease in the follow-up
of differentiated thyroid cancer (DTC) after
total thyroidectomy and radioiodine ablation
of remnant tissue. However, in the presence of
increased level of serum anti-thyroglobulin
antibody (TgAb), serum Tg cannot be used
reliably as a tumor marker of DTC. On the
follow-up of patients with DTC, the standard
and useful practice is measuring the levels of
both Tg and TgAb. The main source of TgAb
positivity is lymphocytic infiltration of thyroid
tissue. The increased level of TgAb is also associated with continuing lymphocytic memory
cell reply or a low load of thyroid remnant. In
patients with a preexisting autoimmune thyroid
disease, most of them lose their TgAb positivity
during the period up to 2–3 years on follow-up
in association with the disappearance of thyroid
tissue and its antigenic components after total
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thyroidectomy and RAI ablation. Therefore,
prolonged positive TgAb levels or being positive in follow-up may indicate the recurrent
and/or metastatic disease and may be a prognostic indicator of worse outcome. In case of
persistent and/or rising TgAb positivity with
undetectable Tg levels, especially without
preexisting autoimmune thyroiditis, patients
must be monitored closely and examined by
imaging modalities such as neck ultrasound,
and/or CT, MR, and F-18 FDG PET/CT for
recurrence.

44.1

Case Presentation

A 69-year-old female patient, diagnosed with papillary thyroid cancer with areas of poorly differentiated features and vascular invasion, without
lymph node metastasis and lymphocytic infiltration of thyroid tissue, was referred to our clinic for
radioiodine ablation therapy (RAT) following total
thyroidectomy. At the time of diagnosis, stimulated serum thyroglobulin (Tg) level was 464 ng/
ml, and anti-thyroglobulin antibody (TgAb)
level was <20 IU/ml. Because of the poor histopathological parameters and high postoperative
serum Tg level, the patient was considered in highrisk group and received 200 mCi (7.4 GBq) RAT.
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Fig. 44.1 Focal
radioiodine uptake in
thyroid bed and
heterogeneous thoracic
uptake suspicious for
lung metastasis were
seen on anterior and
posterior images of
WBS acquired after
200 mCi radioiodine
ablation treatment

On the post-therapy whole body scan (WBS), focal
iodine uptake in right thyroid lobe site and heterogeneous thoracic uptake suspicious of lung metastasis were seen (Fig. 44.1). On follow-up, serum Tg
and TgAb levels were 16 ng/ml and 31 IU/ml on

l-thyroxine therapy, respectively. One year after the
first radioiodine (RAI) treatment, a 250 mCi
(9.2 GBq) dose of I-131 was administered for the
persistence of high Tg level. On posttreatment scan,
iodine uptake was seen only in the thyroid bed.

44 Anti-thyroglobulin Antibody Positivity During Follow-Up of a Patient
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Fig. 44.2 Upper row demonstrates axial slices of initial
FDG PET/CT study which was performed to evaluate the
cause of TgAb manifestation seen on follow-up with
undetectable Tg levels. A hypermetabolic soft tissue
lesion with ill-defined margins was observed in the right

paratracheal region (SUVmax: 4.09) matching local
recurrence. On follow-up PET/CT (lower row), significant
increase in size and metabolic activity was observed on
the right paratracheal lesion (SUVmax: 7.91). The patient
was referred to surgery following the final progress

On follow-up, 15 months after diagnosis, suppressed Tg levels decreased to <0.2 ng/ml and
TgAb increased to 192 IU/ml. No abnormal
finding was seen on neck ultrasound (USG). The
patient underwent F-18 FDG (fluorodeoxyglucose) positron emission tomography/computed
tomography (PET/CT) imaging in order to evaluate the etiology of progressively rising TgAb
level on follow-up. On PET/CT, a hypermetabolic soft tissue lesion with ill-defined margins
was observed in the right paratracheal area
(SUVmax: 4.09) (Fig. 44.2). Surgery was not
planned due to the millimetric size of the lesion
and surgical morbidity. A 250 mCi RAI dose was
given in consensus with surgeons and nuclear
medicine physicians. At that time, stimulated
serum Tg was 136 ng/dl, and TgAb level was
2418 IU/ml. The iodine uptake on thyroid bed
was similar to previous post-therapy scans. No
abnormal finding was observed in concurrent
neck USG. A follow-up PET/CT was acquired to
monitor treatment response. On PET/CT, a significant increase in size and metabolic activity
was observed in the right paratracheal lesion
(SUVmax: 7.91) (Fig. 44.2).

44.2

Discussion

Serum thyroglobulin (Tg) measurement is the
most important and sensitive marker of persistent
and/or recurrent disease in the follow-up of differentiated thyroid cancer (DTC) after total thyroidectomy and RAI ablation of remnant tissue
[1]. However, the presence of increased levels of
serum TgAb is more frequently observed in
patients with DTC than in general population,
and TgAb positivity is known to influence the
accurate measurement of serum Tg [2, 3]. Serum
Tg cannot be used reliably as a tumor marker of
DTC in the presence of TgAb [4]. It is a standard
and useful practice to measure the levels of both
Tg and TgAb in the follow-up of DTC.
Lymphocytic infiltration of thyroid tissue is
the main source of TgAb presence, and the production of TgAb is related to the immune system.
The increased level of TgAb is also associated
with continuing lymphocytic memory cell reply
or low load of thyroid remnant [5]. It was reported
that detectable TgAb level is observed in 10–25%
of the patients with DTC [2]. Recurrent disease is
also determined approximately in 20–30% in
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these patients [6]. Most of the patients with a preexisting autoimmune thyroid disease lose their
TgAb positivity during the follow-up in association with the disappearance of thyroid tissue and
its antigenic components after total thyroidectomy and RAI ablation. The median disappearance time is about 3 years for TgAb [7]. Therefore,
sustained positive or increasing TgAb levels may
indicate recurrent and/or metastatic disease and
may be a prognostic indicator of poor outcome as
observed in our patient [8]. Although it is reported
that increased TgAb can be used as an alternative
of the tumor marker of DTC, TgAb cannot
replace Tg, because TgAb indicates the activity
of the immune system [1]. Moreover, TgAb is
neither more sensitive nor specific than increased
Tg level in estimating persistent disease.
There is no accepted consensus on the management and follow-up in patients with negative Tg but increased TgAb after thyroidectomy
and RAT in DTC. Therefore, both Tg and TgAb
measurements might be useful during followup in patients with DTC. It is a clinically challenging problem to manage patients, who
persistently have increased TgAb, and these
patients may require individualized management. Thus, it might be emphasized that if
TgAb levels proceed persistently high or have a
tendency to rise in follow-up, detailed research
should be carried out to detect possible recurrent disease. It is especially important in
patients with negative Tg and negative I-131
whole body scan (WBS) who don’t have preexisting autoimmune thyroid disease and underwent thyroidectomy followed by RAI ablation
at least 3 years ago. In our case, TgAb was
negative at the time of diagnosis, but it turned
out to be positive 15 months after diagnosis and
persistently increased on follow-up.
Iodine-131 WBS is the most commonly used
imaging study in the evaluation of remnant tissue
and metastatic disease in patients with DTC. The
specificity of I-131 WBS is 96–100%, and sensitivity range is between 45% and 75% [9].
However, many patients with increased Tg or
TgAb have negative WBS in the presence of
residual-recurrent and/or metastatic disease. The

G. Uçmak and B. B. Demirel

reasons for negative WBS may be small lesion
volume and insufficient TSH stimulation. Because
of limited spatial resolution of I-131 scan, small
lesions can be missed. I-131 WBS also may be
negative or unable to determine metastasis in low
or dedifferentiated tumors. Neck USG is still the
primary imaging modality to detect tumor recurrence and/or regional lymph nodes in DTC. But
its accuracy is dependent on the physician and is
not able to detect distant disease. The method of
choice to image iodine negative or dedifferentiated tumors and to determine the extent of disease
is F-18 FDG PET/CT [10, 11].
According to the American Thyroid
Association (ATA) guidelines, F-18 FDG PET/
CT is clinically useful for the detection of regional
lymph node metastasis or distant metastasis in
patients with TSH stimulated serum Tg levels
higher than 10 ng/ml after RAT [10]. It is reported
that the sensitivity of FDG PET for detection of
metastasis in case of elevated Tg for all patients
was 77%, and in case of elevated Tg but negative
WBS it increased to 88% [9]. However, there are
few publications about the usefulness of F-18
FDG PET/CT in patients with increased TgAb.
According to the ATA guidelines, in patients with
undetectable Tg levels but with persistent TgAb,
the level of serum Tg cannot be reliably assessed,
and F-18 FDG-PET may localize disease in some
of them [10]. Recently in a study, the sensitivity,
specificity, and accuracy of F-18 FDG PET/CT
were 71%, 100%, and 78%, respectively, for
detection of recurrence in patients with increased
TgAb and negative radioiodine scan [12]. In few
studies, no relation was seen between serum
TgAb level and FDG PET/CT findings, and it was
observed that Tg level was increased while TgAb
level was stable under TSH stimulation as seen in
our case [13, 14]. Also, timing measurement of
TgAb may have an effect on the prevalence of
positive TgAb levels in patients with DTC after
treatment. Previous studies demonstrated that
elevated TgAb levels were decreased to undetectable levels on 2–3 years after thyroidectomy followed by radioiodine therapy in most of the
patients [7, 15]. The rapid decrease of TgAb levels along with therapy might be a favorable indi-
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cator whereas persistently high TgAb levels might
account for the evidence of recurrent disease and
a poor prognosis. However, the cutoff value for
positive TgAb has not been determined in previously published studies, and various TgAb levels
ranging between 6 IU/ml and 140 IU/ml have
been reported [3, 15, 16]. It must be kept in mind
that TgAb positivity may not be directly correlated with the tumor load and it indicates the
activity of the immune system. Nevertheless, the
patient who has elevated TgAb levels, especially
without preexisting autoimmune thyroiditis, must
be monitored closely for the recurrent disease on
follow-up.

44.3

Follow-Up and Outcome

Due to radiological progression and biochemical
progression with pathologically increased TgAb
levels, the patient was referred to surgery for
recurrent disease.

What Can We Learn from This Case?

• Serum TgAb levels must be monitored
combined with serum Tg levels in the
postsurgical staging and on follow-up of
patients with differentiated thyroid
cancers.
• Serum Tg levels cannot be reliable in
the presence of TgAb positivity, and
persistently increased TgAb levels may
indicate recurrent and/or metastatic disease. However, TgAb cannot replace Tg
as a marker for tumor recurrence since
TgAb may arise from the activity of the
immune system particularly in the early
follow-up period up to 2–3 years.
• In case of persistent and/or rising TgAb
positivity with undetectable Tg levels,
patients must be carefully examined by
imaging modalities such as neck USG,
and/or CT, MR, and F-18 FDG PET/CT
for recurrence.
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A Patient with Differentiated
Thyroid Cancer with Tg Values
Constantly Above Normal but Not
Increasing Gradually
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Çiğdem Soydal and Elgin Özkan

Abstract

A 46-year-old female patient with an euthyroid
multinodular goiter underwent fine needle
aspiration biopsy because ultrasound examination indicated a thyroid malignancy. In the
postoperative evaluation of thyroidectomy
material, a papillary thyroid carcinoma was
detected in the right thyroid lobe with a maximum 2.2 cm diameter (T2N0Mx). The patient
received radioiodine ablation treatment with
3700 MBq (100 mCi) iodine-131. Six months
after RAT, diagnostic whole-body scintigraphy
was performed with 185 MBq (5 mCi) I-131.
Serum-stimulated Tg levels were 3.47 ng/mL,
and I-131 scintigraphy results were normal.
Neck ultrasound and computed tomography of
the thorax were performed to search possible
recurrent disease. There was no cervical lymph
node or lung metastases.

45.1

Case Presentation

A 46-year-old female patient with an euthyroid
multinodular goiter underwent fine needle aspiration biopsy (FNAB) because ultrasound (USG)
examination indicated a thyroid malignancy.
After confirmation of thyroid carcinoma, the
patient underwent total thyroidectomy. A papillary thyroid carcinoma was detected in the right
thyroid lobe with a maximum 2.2 cm diameter
(T2N0Mx). The patient received radioiodine
ablation treatment (RAT) with 3700 MBq
(100 mCi) iodine-131 (I-131). Six months after
RAT, diagnostic whole-body scintigraphy was
performed with 185 MBq (5 mCi) I-131. Serumstimulated Tg levels were 3.47 ng/mL, and I-131
scintigraphy results were normal (Fig. 45.1).
Neck USG and computed tomography (CT) of
the thorax were performed to search possible
recurrent disease. Cervical lymph node or lung
metastases could not be revealed.

45.1.1 Assessment in the Light
of the Literature
Ç. Soydal (*)
Department of Nuclear Medicine, Ankara University
School of Medicine, Ankara, Turkey
E. Özkan
Department of Nuclear Medicine, Medical Faculty of
Ankara University, Ankara, Turkey

Although ATA 2015 guideline and initial risk
stratification systems indicated that the patient
had stage II disease and belonged to low-risk
group, her serum Tg levels were detected higher
than expected after initial treatment [1]. After
total thyroidectomy followed by RAT, serum-
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Fig. 45.1 The planar
image of diagnostic
I-131 scintigraphy

stimulated Tg levels were expected to decrease to
<1 ng/mL [2]. It is known that serum Tg measurements are highly sensitive markers for follow-up of differentiated thyroid cancer patients
[3]. In the last decade, a dynamic risk estimation

system has been developed [4–7]. This system
has attempted to reduce the discordance between
the initial risk stratification system and later biochemical or structural findings related to residual/recurrent disease during follow-up. Dynamic

45 A Patient with DTC and Stable Elevated Tg Values

risk stratification system has been widely
accepted and is established within the ATA 2015
guideline. Elevated stimulated Tg levels between
1 and 10 ng/mL and suppressed Tg levels <1 ng/
mL without accompanying structural recurrent or
residual disease have been described as acceptable
response. Additionally, suppressed Tg levels
>1 ng/mL, stimulated Tg levels >10 ng/mL, rising Tg levels, or persistent or newly identified
disease on cross-sectional and/or nuclear medicine imaging has been described as incomplete
response [4]. During the 6-year follow-up period
with our patient, serum Tg levels under TSH suppression therapy were at undetectable levels and
stimulated Tg levels were ranged between 3 and
5 ng/mL. However, any recurrent or residual disease could not be shown. In patients with an
acceptable response, 15–20% of them will have a
structural disease identified during follow-up.
Thus, patients with acceptable responses are recommended to have follow-up serial imaging and
Tg monitoring. Similar to our patient, nonspecific Tg elevation will likely be stable or resolve
[8, 9]. Because most recurrences are located in
the neck, USG and serum Tg measurements are
the recommended monitoring methods in indeterminate response cases. After initial evaluation
CT of the thorax, 18F-FDG PET/CT should be
considered in patients with an increase in serum
Tg levels. In our patient, we could not show the
reason for serum Tg elevation. However, because
indeterminate biochemical response indicates a
high risk for recurrent disease, we have followed
up closely. Despite close follow-up, the reason
for serum Tg elevation could not be revealed in
that case. Serum TSH level of the patient was
suppressed under 0.1 ng/mL because of the high
risk of recurrence based on the ATA 2015
guidelines.

45.1.2 The Future
Today with our present imaging tools and radiotracers, we cannot show the cause of Tg elevation
in patients with indeterminate responses. A couple of possible causes may be microscopic residual or recurrent disease. More sensitive imaging
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technologies or alternative tracers (e.g., the PET
tracer I-124) could further determine if microscopic diseases are the cause of Tg elevation.
Because of its high sensitivity in comparison to
I-123 and I-131, I-124 could potentially be used
to detect small metastatic tissue [10–12]. Another
development that could be beneficial in the same
patient group is combined PET/MRI systems
[13, 14]. Due to the high sensitivity of MRI in
soft tissue, small recurrences in the thyroid bed
could be detected.
What Can We Learn from This Case?

• Observed elevated Tg levels between 1
and 10 without accompanying structural
recurrent or residual disease are
described as an indeterminate response.
• 15–20% of patients with an indeterminate response will have structural disease identified during follow-up.
• Patients with indeterminate responses
are recommended to undergo serial
imaging and Tg monitoring.
• Because most disease recurrences will
be located in the neck, USG and serum
Tg measurements are the recommended
monitoring methods for indeterminate
response cases.
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A Patient with Papillary
Thyroid Carcinoma and
Biochemical Incomplete Response
with Gradually Increasing Tg
Values and Negative Imaging
Studies
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Abstract

A 61-year-old asymptomatic female patient
having no risk factors for thyroid carcinoma
underwent neck ultrasound. Following a diagnosis of papillary thyroid cancer (PTC) by fine
needle aspiration biopsy, the patient underwent total thyroidectomy and right lateral
neck lymph node dissection. Histopathological
examination of the surgical specimen revealed
two PTC foci in the right thyroidal lobe that
were 4 cm and 0.1 cm in diameter. The patient
received radioiodine ablation treatment (RAT)
with 5550 MBq (150 mCi) iodine-131 (I-131)
3 months after the operation. Six months after
RAT, diagnostic whole-body scintigraphy was
performed with endogenous TSH stimulation
with 185 MBq I-131. Serum TSH-stimulated
Tg levels were 66.55 ng/mL, and I-131 scintigraphy revealed the absence of any pathological uptake. Neck ultrasound (US) and
computed tomography (CT) of the thorax
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were normal. A 18F-FDG PET/BT was planned
to search for possible recurrent disease, but it
was determined normal. Serum thyroglobulin
levels gradually increased to 89.79 ng/mL
during the 8-year follow-up period. Several
neck USGs, thorax CTs, and one additional
18
F-FDG PET/CT were performed. Finally,
cranial CT and Tc-99m MDP bone scintigraphy were performed. No residual or metastatic
tissue detected so far.

46.1

Case Presentation

A 61-year-old asymptomatic female patient having no risk factors for thyroid carcinoma underwent neck ultrasound (USG). A hypoechoic
thyroid nodule 4 cm in diameter and accompanying multiple enlarged right lateral compartment
lymph nodes were detected. Following a diagnosis of papillary thyroid cancer (PTC) by fine
needle aspiration biopsy (FNAB), the patient
underwent total thyroidectomy and right lateral
neck lymph node dissection. Histopathological
examination of the surgical specimen revealed
two PTC foci in the right thyroidal lobe that
were 4 cm and 0.1 cm in diameter. Additionally,
three metastatic lymph nodes were detected in
the right lateral compartment, with the largest
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being 2 cm in diameter (T2N1bMx, ATA intermediate risk group). The patient received radioiodine ablation treatment (RAT) with 5550 MBq
(150 mCi) iodine-131 (I-131) 3 months after the
operation. During RAT, serum thyroglobulin

Fig. 46.1 Planar
whole-body image of
diagnostic I-131
scintigraphy

Ç. Soydal and E. Özkan

(Tg) levels were measured as 81.95 ng/
mL. Posttreatment scintigraphy revealed several
foci of radioiodine uptake in the thyroid bed. Six
months after RAT, diagnostic whole-body scintigraphy was performed with endogenous TSH

46 A Patient with PTC and Biochemical Incomplete Response

46.2

Fig. 46.2 Maximum intensity projection 18F-FDG PET/
CT image

stimulation with 185 MBq (5 mCi) I-131. Serum
TSH-stimulated Tg levels were 66.55 ng/mL,
and I-131 scintigraphy revealed the absence of
any pathological uptake (Fig. 46.1). There was
no pathology in the neck USG and computed
tomography (CT) of the thorax. An 18F-FDG
PET/BT was planned to search for possible
recurrent disease, but it was determined normal
(Fig. 46.2). A second dose of radioiodine treatment (7400 MBq (200 mCi)) was administered
to treat possible millimetric metastatic tissue.
However, no pathological uptake was seen on
whole-body scintigraphy 1 week after radioiodine treatment. Serum Tg levels gradually
increased to 89.79 ng/mL during the 8-year follow-up period. Several neck USGs, thorax CTs,
and one additional 18F-FDG PET/CT were performed. Finally, cranial CT and Tc-99m MDP
bone scintigraphy were performed. No residual
or metastatic tissue detected so far.
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Discussion

Elevated serum Tg levels during the first radioiodine treatment were reported as a poor prognostic factor [1, 2]. However, early transient
elevation in serum Tg levels after RAT also has
been described [3]. A short period of decreased
Tg serum levels is expected in patients after a
successful ablation. For this reason, Tg measurement is a highly sensitive marker for monitoring
treatment response and detecting residuals from
metastatic disease in well-differentiated thyroid
cancer patients. In patients with persistently elevated Tg serum levels, neck USG, thorax CT,
and 18F-FDG PET/CT are the imaging tools to
detect possible metastatic disease [4]. Recently,
combined 18F-FDG PET/CT and magnetic resonance imaging (MRI) of the neck were recommended to patients who have negative results
from initial imaging methods [5, 6]. According
to the ATA 2015 guidelines, suppressed Tg
serum levels >1 ng/mL or stimulated Tg levels
>10 nm/mL or rising anti-Tg antibody levels and
absence of localized disease can be categorized
as a biochemical incomplete response [7].
Despite the development of imaging tools, the
cause of the elevation of Tg serum levels could
not be elucidated in some of the patients. In
addition to Tg levels, Tg doubling time is another
controversial prognostic factor. Some have
claimed that Tg doubling time is an independent
prognostic factor [7]. Contrarily, Rössing et al.
recently reported that Tg doubling time was not
a prognostic factor and is only important in
patients with high tumor burden [8]. Close follow-up of patients under serum TSH suppression
is recommended because they are at high risk for
disease recurrence [9]. Persistently elevated
serum Tg levels after total thyroidectomy and
RAT might be related to residual diseased tissue
from insufficient surgical resection or unsuccessful ablation treatment. Neck USG should be
the first choice for imaging and evaluating thyroidal bed and neck lymph nodes. Following
evaluation of the neck, it is also important to
check the patient for possible distant organ
metastases. As such, CT of the patient’s thorax
was performed to evaluate the lungs for possible
metastases. After those initial imaging methods,

Ç. Soydal and E. Özkan

294

F-FDG PET/CT could be performed in I-131negative and Tg-positive patients. However, the
cause of Tg elevation was not detected in our
patient after initial imaging. Thus, a second high
dose of radioiodine was administered to treat
possible microscopic metastatic disease and to
decrease Tg levels. A limited number of patients
became to have undetectable Tg levels after
repeated empiric radioiodine treatments have
been reported. Leboulleux et al. administered a
second dose of radioiodine treatment in only 1
out of 23 patients. This patient became I-131
negative with undetectable stimulated Tg levels
[10]. We did not observe any decrease in Tg
serum levels after the second dose of radioiodine. After searching for possible brain and bone
metastases, cranial CT and bone scintigraphy
tests were found normal. In that patient, we
could not determine the cause of Tg elevation.
However, because incomplete biochemical
response indicates a high risk for recurrent disease, we followed up closely and still could not
figure out the cause of elevated Tg. The serum
TSH levels of the patient were suppressed under
0.1 ng/mL because of the high risk of
recurrence.
18

46.2.1 The Future
Recently, a few studies were reported on the
effects of the Ga-68 DOTA-peptide PET/CT in
radioiodine-negative thyroid cancer patients.
Previous work has also evaluated the appropriateness of peptide receptor radionuclide treatment
with Lu-177 DOTA-peptides [11, 12]. Another
novel PET tracer for the same patient group is
iodine-124. Because of its high sensitivity in
comparison to I-123 and I-131 due to improved
resolution during PET imaging, I-124 can detect
small metastatic tissue [13]. A recent meta-analysis reported that I-124 PET/CT identifies more
lesions than posttreatment scans [14]. Kuker
et al. recommended I-124 PET due to its higher
sensitivity and spatial resolution compared to
standard gamma scintigraphy, which can aid in
the detection of recurrent or metastatic disease
and provide more accurate measurements of met-

abolic tumor volumes [15]. In the future, the role
of new PET tracers should be examined in
patients with elevated serum Tg levels that are
under follow-up. Additionally, a combination of
PET and MRI imaging will be able to increase
the sensitivity of detection of recurrent disease in
neck and bone tissue [16, 17].
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Rosiglitazone Effect
on Radioiodine Uptake in a Case
of Dedifferentiated Thyroid
Carcinoma

47
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Abstract

Differentiated thyroid cancer may lose its differential characteristics and transform to a
less-differentiated form that does not concentrate radioiodine. These tumors represent an
aggressive tumor type and may necessitate
alternative therapies. Various attempts have
been made to augment iodine uptake and to
redifferentiate tumors in order to regain benefit
from radioiodine therapy. Thiazolidinediones,
such as rosiglitazone, act by binding to peroxisome proliferator-activated receptors (PPARs)
and have also shown promise in the redifferentiation treatment of dedifferentiated thyroid
carcinomas as antiproliferative and apoptosisinducing agents. In this section, the effect of
rosiglitazone is discussed in a case with dedifferentiated thyroid cancer.

47.1

Case Presentation

A 59-year-old female with follicular variant of
papillary thyroid carcinoma (FVPTC) with tumor
size of 2 cm referred to our Nuclear Medicine
G. Uçmak (*) · B. E. Akkaş
Department of Nuclear Medicine, University of
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Department for evaluation of radioiodine (I-131)
treatment following bilateral total thyroidectomy.
The tumor had some poor histopathological
parameters such as vascular invasion, perineural
invasion, and extension to perithyroidal soft tissues. Postoperatively, on thyroid scintigraphy,
small residual tissues were observed on the thyroid bed. There was no abnormal finding on neck
ultrasound (USG). Serum thyroglobulin (Tg)
level was 171 ng/ml, and anti-thyroglobulin antibody (Tg-Ab) level was <20 μIU/ml IU/ml under
TSH stimulation (>100 μIU/ml). The TNM stage
was considered as T3N0M0 in the year 2006. The
patient was regarded as in high-risk group
because of the existence of poor histopathological parameters and high postoperative serum Tg
level. Therefore, a 200 mCi dose of I-131 treatment was planned.
I-131 treatment was administered orally while
serum TSH was >100 μIU/ml and Tg and Tg-Ab
were 198 ng/ml and <20 μIU/ml, respectively.
Premedication with low-dose oral corticosteroids, H2-receptor antagonists, antiemetics, and
anti-inflammatory medication was given, and
careful hydration was performed during hospitalization. On post-therapy whole-body scan (WBS)
conducted 4 days after therapy, intense I-131
uptakes on the thyroid bed and right upper mediastinum were observed. L-Thyroxine replacement therapy was started 72 h after radioiodine
therapy.
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On follow-up, the patient was examined while
on L-thyroxine replacement therapy 3 months
after I-131 treatment. Serum TSH level was
0.02 μIU/ml, and Tg level was 9.66 ng/ml.
Computed tomography (CT) of the thorax was
acquired to evaluate the origin of elevated Tg
level under TSH suppression. On thorax CT, a
right paratracheal lymph node with 10 mm in size
and several pulmonary nodules suspected of
metastases in the right lung were detected.
A second dose of 250 mCi was administered
11 months after the initial I-131 treatment dose.
Laboratory findings were as follows: serum TSH
>100 μIU/ml, Tg 176 ng/ml, and Tg-Ab <20 μIU/
ml. Recombinant TSH stimulation was not used,
and TSH elevation was achieved by thyroid hormone withdrawal prior to adjuvant treatment as
recommended by ATA guidelines. On post-therapy WBS, performed on 4 days after I-131 treatment, no uptake was seen on the thyroid bed and
neck, but slight uptake was observed on both the
hemithorax and right site of the upper
mediastinum.
On routine follow-up visits, serum Tg level
remained persistently elevated (10.2 ng/ml on
L-thyroxine therapy). The patient underwent
F-18 FDG (fluorodeoxyglucose) positron-emission tomography/computed tomography (PET/
CT) imaging in order to evaluate the origin of
persistently elevated Tg level while prominent
I-131 uptake was not seen on follow-up. On PET/
CT, mild FDG uptake was seen in some of the
multiple pulmonary nodules which are 2–5 mm
in size and right paratracheal lymph node 10 mm
in size on the mediastinum correlated to metastases of thyroid cancer.
Surgery and local treatment were not considered as suitable therapeutic options due to multiplicity of pulmonary nodules. Therefore, the third
radioiodine treatment with a dose of 250 mCi
was planned with careful monitoring of bone
marrow reserve 10 months after the final I-131
treatment. At the time of treatment, serum TSH
and Tg were 51.2 μIU/ml and 46.3 ng/ml, respectively. On post-therapy scan, faint uptake was
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seen on the left hemithorax in the middle zone
(Fig. 47.1a).
The patient received a total cumulative dose of
700 mCi I-131 treatment on three consecutive
sequences in 3 years. The patient was closely
monitored for bone marrow reserve and side
effects. Careful clinical support was given during
treatments and on follow-up. However, despite
consecutive radioiodine therapies, serum Tg level,
both on and off L-thyroxine replacement,
remained persistently elevated. In addition, radioiodine uptake was negligible on unresectable
tumoral deposits on the final post-therapy WBS.
Rosiglitazone (RZ) treatment as a peroxisome
proliferator-activated receptor (PPAR) gamma
agonist was planned on consensus with the
oncologist and nuclear medicine physicians and
approved by the Ethic Committee of our hospital.
Written informed consent was obtained from the
patient before the onset of treatment.
RZ treatment was performed with 4 mg per
day for 2 weeks and then 8 mg per day for
6 weeks. The patient was evaluated at baseline
and monitored biweekly by laboratory tests
including fasting blood glucose, cholesterol,
liver, and cardiac function tests and physical
examination for toxicity and side effects of the
drug. Serum Tg levels on and off L-thyroxine
therapy were recorded before and after RZ treatment. The patient has well-tolerated RZ treatment, with no symptoms of hypoglycemia or
change in liver function tests and cardiac functions. We did not observe any side effects other
than a mild headache and nausea.
On L-thyroxine therapy, serum Tg level
decreased to 4.05 ng/ml (TSH 0.67 μIU/ml) and
5.08 ng/ml (TSH 0.74 μIU/ml) from 10.2 ng/ml
on the first and second month, respectively, following RZ treatment in the absence of anti-Tg
antibodies (Tg-Ab).
L-Thyroxine therapy was discontinued after
RZ treatment, and 300 mCi I-131 treatment as the
last dose was planned. The dose of 300 mCi I-131
treatment was given 1 month after discontinuing
RZ and 1 year after the final I-131 treatment.
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Fig. 47.1 The figure demonstrates the comparison of
anterior and posterior post-therapy radioiodine WBS
before (in column A) and after (in column B) RZ treatment. (a) On post-therapy WBS before RZ, faint uptake is
seen on the left hemithorax in the middle zone. (b) On

post-therapy WBS after RZ, multiple focal uptakes are
seen in bilateral lung zones related to lung metastasis of
thyroid cancer. Note the marked increase in radioiodine
uptake after RZ demonstrated on post-therapy WBS

At the time of treatment, serum TSH was 146 μIU/
ml, and Tg was 93.1 ng/ml. Although serum Tg
level was elevated compared to the previous therapy, it was considered as a biochemical response
as TSH stimulation was significantly stronger
during the last therapy (51 μIU/ml vs. 146 μIU/
ml). On post-therapy WBS performed 4 days after
therapy, markedly intense multiple focal uptakes
were seen in bilateral lung zones that may be
prominently related to lung metastasis of thyroid
cancer (Fig. 47.1b). Uptake in pulmonary nodules
was significantly more prominent both in size and
in intensity compared to the post-therapy scan
before RZ treatment.

47.2

Follow-Up and Outcome

Serum Tg level on L-thyroxine therapy was stable (3–4 ng/ml) in the absence of serum Tg-Ab.
According to RECIST 1.1 criteria, the patient
had stable disease during 4 years after RZ and the
last I-131 treatment [1]. However, in the fifth year
after RZ treatment, serum Tg-Ab was elevated
(from <20 to 872 μIU/ml) while serum Tg was
0.5 ng/ml. The patient was evaluated by comparative thorax CT and then by F-18 FDG PET/
CT. Lung nodules were stable on thorax CT and
PET/CT. However, a hypermetabolic (SUVmax:
14.58) hypodense mass lesion, 4 cm in size, was
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observed in the liver which may be prominently
related to the malignant metastatic process in
addition to a hypermetabolic mediastinal lymph
node in which FDG uptake was significantly
increased compared to the previous PET/CT
(SUVmax: 28.38). Surgery was planned; however, the patient refused all invasive procedures
such as biopsy and surgery and did not come to
any other follow-up visit.

47.3

Discussion

Thyroid cancer is the most common endocrine
malignancy. Differentiated thyroid cancers
(DTC), which include papillary, follicular, and
Hurthle cell carcinoma subtypes, constitute the
vast majority of thyroid cancers. The prognosis
of DTC is generally good, with a 10-year survival
rate of 85% [2].
Radioiodine (RAI) is widely used for diagnosis and therapy of DTC for more than 70 years as
the first theranostic agent. The accumulation of
radioiodine in cancer cells was not fully understood until 1996 when the sodium iodide symporter (NIS) was first identified by Dai et al. [3].
Iodide uptake occurs across the membrane of the
cancer cells as well as thyroid follicular cells
through an active transporter process mediated
by the NIS gene [3]. NIS activity provides the
molecular basis for RAI therapy in DTC. While
most cases of DTC are curable with the use of
surgery and radioactive iodine ablation of the
remaining thyroid remnant, prognosis worsens,
and treatment options become limited when DTC
becomes RAI-refractory. On average, about
25–50% of locally advanced/metastatic patients
become refractory to RAI (RAI-R) [4].When
RAI becomes ineffective against DTC, 5-year
survival decreases to 50% and 10-year survival to
<10% [5, 6].
The RAI-R status is related to decreased
expression of the NIS and diminished targeting
of NIS to the membrane of cancer cells or both
[7, 8]. Genetic changes in DTC, such as mutations of BRAF and RAS genes and RET rearrangements, decrease NIS mRNA [9]. The
finding of an elevated Tg or Tg-Ab with nega-

tive radioiodine scan is highly indicative of
non-radioiodine avid residual or recurrent disease. If Tg is out of proportion to the amount of
disease or symptoms, other imaging modalities
include MR of the brain, CT, bone scan and
F-18 FDG PET/CT is indicated to evaluate disease extent [10].
In the past, an empiric treatment was used in
such patients, but recent studies have shown that
F-18 FDG PET/CT imaging is more sensitive and
should be performed as the first-line approach,
with empiric RAI treatment being considered
only for those patients with no detectable FDG
uptake [11, 12].
In our case, F-18 FDG PET/CT imaging was
performed in order to evaluate the origin of persistently elevated Tg level despite the absence of
I-131 uptake on follow-up. On PET/CT, mild
FDG uptake was seen in some pulmonary nodules and mediastinal lymph node corresponding
to metastases of thyroid cancer.
The expressions of NIS and glucose transporter-1 (Glut-1) are inversely related, and they
reflect the biological characteristics of cancer differentiation. In particular, it appears that with the
dedifferentiation process; the NIS expression
decreases, Glut-1 expression increases, and this
situation associates with poor prognosis [12, 13].
Since radioiodine is no longer a therapy option
for non-iodine avid thyroid cancer, alternative
therapy strategies are needed.
Localized radioiodine-refractory thyroid cancer can be treated with surgery, stereotactic external beam radiotherapy, chemoembolization, or
radioembolization. However, systemic or targeted therapies with tyrosine kinase inhibitors
(TKIs) become crucial in systemic disease.
Re-induction of thyroid-specific enzymes in
order to restore NIS function using compounds
such as retinoic acids, peroxisome proliferatoractivated receptor gamma (PPARγ) agonists,
HDAC inhibitors (valproic acid and carbamazepine), PI3K/AKT inhibitors, and MEK/ERK
inhibitors has been evaluated in clinical trials
[14]. To enhance radioiodine accumulation in
RAI-R, retinoic acid has been used for more than
20 years to increase NIS expression [15].
Although retinoic acid has the potential to
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increase iodine uptake in cell lines, researchers
have reported that the clinical response to
radioiodine treatment after retinoic acid administration was only marginal or negligible for the
augmentation of iodine accumulation and concentration in the tumor tissue was limited [16].
PPARγ is a nuclear hormone receptor transcription factor that regulates cellular growth and
differentiation. PPARγ ligands inhibit growth in
PTC cell lines [17]. Thiazolidinediones (TZDs),
including rosiglitazone, pioglitazone, and ciglitazone which are used in type II diabetes as they
reduce insulin resistance, are high-affinity ligands
for the PPARγ [18].
First evidence for augmented RAI uptake upon
treatment with rosiglitazone was reported by
Philips et al. in five patients with dedifferentiated
thyroid cancer [19]. They stated that RZ treatment
increased the production of Tg in some patients
with thyroid cancer; however, RZ could rarely
restore significant iodine trapping. Frohlich et al.
reported that another glitazone, troglitazone,
increased NIS expression and radioiodine uptake
[20]. Park et al. also observed upregulation of NIS
mRNA after troglitazone treatment in both DTC
and anaplastic thyroid cancer cells [21].
In our case, as a response to RZ treatment,
serum Tg level decreased to 4.05 ng/ml and
5.08 ng/ml from 10.2 ng/ml on L-thyroxine
therapy on the first and second months following
RZ treatment and was stayed stable (3–4 ng/ml)
during the first 4 years. In addition, on the postradioiodine therapy scan performed after RZ
treatment, we observed increased I-131 uptake
and significant iodine trapping. Tg level is a reliable marker for recurrent or persistent disease
and response to therapy in patients with DTC.
However, it is unclear whether redifferentiation
agents could increase Tg level as a result of a
differentiation process in follicular cell origin
or elevation of Tg results from tumor progression [22]. In another pilot study, 5 of 9 patients
with progressive DTC improved lesion-absorbed
dose per administered activity on I-124 PET/CT,
and three had decreased lesion size after therapeutic I-131 application following RZ treatment
for 6 months [23]. They observed that the elevation in serum Tg was more notable on the third
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month after therapy compared to the measure on
the sixth month. Today, it is questionable whether
serum Tg can be used as a response marker after
RZ treatment and the most accurate measurement
duration after RZ treatment is still unclear.
Another unclear issue is the correlation of
PPARγ status and RZ effect on improvement of
iodine uptake. Tepmongkol et al. investigated that
there was a correspondence between the effect of
RZ and the degree of staining for PPARγ within
thyroid expression [24]. However, Kebebew et al.
found no difference in PPARγ expression between
patients who restored iodine uptake and those
who did not. They reported that 25% of patients
showed positive radioiodine uptake after RZ treatment; however, this result did not provide a clinically significant response to iodine-refractory
DTC on long-term follow-up [22]. Rearrangements
of PPARγ/PAX8 occur in 36–45.5% of follicular
thyroid cancer and in 37.5% of papillary thyroid
cancer with follicular variant [25, 26].
In our case, the histopathological status of
PPARγ expression in tumor samples before RZ
treatment was not determined. However, our
patient with papillary thyroid cancer with follicular variant demonstrated markedly intense iodine
uptake throughout the metastases corresponding
to restored iodine uptake. In addition, the disease
progression was stopped with time to progression
of 4 years after RZ treatment. However, on the
fifth year after RZ treatment, increase in serum
Tg-Ab and progressive disease were observed.
Up to date, the current literature lacks controlled
case series with a longer time of follow-up period
after RZ treatment. In general, the observation
time remained limited to less than 1 year.
Rosiglitazone has been taken off the market in
Europe and restricted in the USA due to cardiovascular side effects in long-term diabetes mellitus therapy in September 2010 [27]. Another
glitazone, pioglitazone, was evaluated by
Rosenbaum-Krumme SJ et al. in five patients but
showed no increase in lesion-absorbed dose of
I-131 [28]. They concluded that pioglitazone
revealed some positive effects in radioiodinenegative and progressive DTC patients, but it did
not fulfill the expectations given by the results of
rosiglitazone therapy. On the contrary, Dobson
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et al. showed promising results that pioglitazone
was highly therapeutic and prevented metastasis
in mice by the thyroid-specific expression of
PAX8-PPARγ fusion protein and homozygous
deletion of phosphatase and tensin homolog [29].
Based on these data, a phase II clinical trial of
pioglitazone in follicular variant of PTC is being
reassessed (NCT01655719). As pioglitazone was
already approved by FDA and has a better toxicity profile than other targeted agents, such as
TKIs, positive results of the trial would indicate
that pioglitazone may be a good therapeutic
option for patients with RR-DTC [30].
As a summary, up to date, PPAR gamma agonists have shown disappointing results in recent
clinical trials. However, it can be said that in these
studies, selection of redifferentiation agents was
not performed according to tumor characterization. Today, we know that all thyroid tumors differ
widely from each other in terms of histology and
genetic profile with the absence or presence of
various mutations and different signaling pathways throughout the tumor. We believe that by
using advanced knowledge on tumor genetic profile and histopathological data on a patient-based
approach, appropriate selection of redifferentiation agents or combining redifferentiation agents
with certain targeted therapies may increase the
effectiveness of redifferentiation treatment and
provide better progression-free survival. We consider that further clinical trials are needed on an
individual-based approach to understand the
mechanisms of dedifferentiation with regard to
genetic profile and biological behavior of the
tumor in order to better target and treat the tumor.

What Can We Learn from This Case?

• Differentiated thyroid cancer may lose its
differential characteristics and transform
to a less-differentiated form that do not
concentrate radioiodine. These tumors
represent an aggressive tumor type and
may necessitate alternative therapies.
When RAI becomes ineffective against
DTC, 5-year survival decreases to 50%
and 10-year survival to <10%.

• Thiazolidinediones, such as rosiglitazone, act by binding to peroxisome
proliferator-activated receptors (PPARs)
and show promise in the redifferentiation treatment of dedifferentiated thyroid carcinomas as anti-proliferative and
apoptosis inducing agents.
• Thyroid tumors differ widely from each
other in terms of histology, genetic profile with absence or presence of various
mutations and different signaling pathways throughout the tumor.
• Dedifferentiating agents must be
planned on a patient based approach
with regard to genetic profile and biological behavior of the tumor in order to
better target and treat the tumor.
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Management of Recurrent Lymph
Nodes in Central and Lateral Neck
in the Follow-Up of Differentiated
Thyroid Carcinoma

48

Seyfettin Ilgan

Abstract

Despite excellent overall prognosis, up to 40%
of patients with papillary thyroid cancer
(PTC) will have persistent or recurrent disease, mostly in lateral (53%) or central (28%)
cervical lymph nodes. Local and regional
recurrences continue to be treated by surgical
excision with or without adjuvant radioiodine
treatment, especially in potentially curable
patients. Discovery of nonpalpable nodal
recurrences in the central and lateral neck
have been increased considerably with the
evolving role of ultrasonography in the follow-up of patients with PTC. However, the
management of impalpable or indolent locoregional recurrences of PTC continues to be
more controversial. Despite arguments over
survival benefit of reoperations, 19–73%
remission rates have been reported based on
Tg levels with compartment-oriented reoperations. The correct delineation of the disease
preoperatively and the use of new techniques
facilitating identification of recurrent laryngeal nerve and metastatic foci during surgery
are essential parts of therapeutic success.

S. Ilgan
Department of Nuclear Medicine, Güven Hospital,
Ankara, Turkey

48.1

Case Presentation

A 33-year-old woman with papillary thyroid carcinoma (PTC) presented to our hospital for evaluation of gradually increasing Tg levels under
suppression therapy. Two years previously, she
had been diagnosed with multinodular goiter at
an outside institution and fine needle aspiration
biopsy (FNAB) of dominant nodule reported as
benign. After discussion, she had been selected
for lobectomy for giant nodule on the left thyroid
lobe. Lobectomy material had been submitted to
examination of frozen sections, and surgery had
switched to total thyroidectomy upon detection
of a 1.2 cm PTC in the left lobe. The final pathology had revealed unifocal, intrathyroidal classical variant of PTC with lymphovascular invasion.
No lymph node had been removed at the time of
surgery. She had been given 100 mCi (3700 MBq)
of radioactive iodine (I-131) 4 weeks after surgery under endogenous TSH stimulation. The
patient had a serum TSH of 71.68 mIU/L and
thyroglobulin (Tg) of 282.1 ng/mL without Tg
antibodies during treatment. The post-therapy
scan had shown uptake only in the left thyroid
bed with no extracervical uptake.
Three months after the I-131 treatment, serum
Tg level was found high (23.29 ng/mL) under T4
suppression, and neck ultrasonography (USG)
discovered metastatic lymph nodes in the left
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lateral cervical chain. The patient had undergone
left lateral neck dissection, and final pathology
revealed 6 metastatic lymph nodes out of 26
resected, largest being in level IV and 2.7 cm in
size. Six weeks after neck dissection, Tg level
was found 2.22 ng/mL under suppression and
second high dose (150 mCi, 5500 Mbq) I-131 has
been offered to her. The patient had a serum TSH
of 104 mIU/L, and Tg of 143.6 ng/mL at the time
of I-131 treatment. The post-therapy scan has
shown no pathologic uptake in the cervical and
extracervical regions. The patient’s non-stimulated Tg levels gradually increased from 3.04 to
8.0 ng/mL within several months.
A comprehensive USG of the neck during the
first visit in our center revealed multiple pathologic lymph nodes in both thyroid bed; largest
one measured 1.0 cm in size. Central lymph
nodes were seen predominantly in the left paratracheal region (Fig. 48.1), ipsilateral to primary
tumor. There was no suspicious lymph node in
previously dissected left neck and right cervical
chain. FNAB and Tg washout of dominant suspicious lymph node in left paratracheal region confirmed papillary carcinoma metastasis. She was
scheduled for bilateral therapeutic central lymph
node dissection. To guide the surgeon during the
operation, a neck map showing anatomical relations was drawn, and biopsy-proven and suspicious lymph nodes were plotted on that sketch
(Fig. 48.2). In the morning of surgery, most superior (biopsied one) and most inferior metastatic
lymph nodes in both central neck were injected
with Tc-99m-labeled macroaggregated albumin
under USG guidance as described previously [1].
Bilateral central neck dissection was carried out
as a comprehensive compartment dissection.
With the guidance of intraoperative gamma
probe, it was confirmed that pathological lymph
nodes which were marked with radioguided
occult lesion localization (ROLL) technique
remained in dissection material and not left
inside. Intraoperative electrophysiological nerve
monitoring was also employed.
The final pathology revealed eight metastatic
nodes (three in the right paratracheal and five in
left paratracheal) out of 13 resected, largest being
biopsied one and having a size of 1.1 cm.

Histopathological type of metastasis reported as
classical variant of PTC and two of the metastatic
lymph nodes showed extranodal extension. The
clinicopathologic stage of disease in our case was
interpreted as follows:
–– T1aN1bMx (Stage I) per the AJCC/TNM VIII
system [2]
–– American Thyroid Association (ATA 2015)
intermediate risk of recurrence [3]

48.2

Discussion

Despite excellent overall prognosis, up to 40%
of patients with PTC will have persistent or
recurrent disease, mostly in lateral (53%) or central (28%) cervical lymph nodes [4, 5]. Local
and regional recurrences continue to be treated
by surgical excision with or without adjuvant
radioiodine treatment, especially in potentially
curable patients [6, 7]. Discovery of nonpalpable
nodal recurrences in the central and lateral neck
has been increased considerably with the evolving role of USG in the follow-up of patients with
PTC. However, the management of impalpable
or indolent locoregional recurrences of PTC
continues to be more controversial. Despite
arguments over survival benefit of reoperations,
19–73% remission rates have been reported
based on Tg levels with compartment-oriented
reoperations [8–10].
Despite ongoing debate on the prognostic significance and the optimal management of regional
lymph node metastases in patients with well-differentiated thyroid carcinoma, reported data suggest that survival of patients is adversely affected
by lymph node metastases and local recurrences
[5, 7]. Radioiodine avid metastatic tumor foci
could be treated effectively with I-131 providing
radiation dose high enough (8000 cGy) to kill the
tumor, whereas response rate is very limited for
low radiation doses (3500 cGy) [11]. Although
surgery represents the main treatment modality
especially for iodine-negative recurrences, reoperation for persistent or recurrent PTC is complicated and requires more experience. Extensive
scarring, because of previous surgical interven-
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Fig. 48.1 Axial gray scale (a) and Doppler (b) sonograms of left paratracheal lymph node (thick arrows)
showing microcalcifications (thin arrow) and markedly
increased vascularity, consistent with nodal metastases.
(c) Longitudinal sonogram of left paratracheal region
shows multiple lymph nodes (arrows) presenting similar

features. (d) Axial sonogram of deep central compartment
shows another metastatic lymph node right to the midline
at the level of thyrothymic ligament (arrows) and thymus.
SM strap muscles, Tr trachea, Es esophagus, CCA common carotid artery, RCCA right CCA, LCCA left CCA

tions, considerably increases the incidence of
operative complications. Being aware of potential morbidities including hypoparathyroidism
(1–13%), recurrent laryngeal nerve (RLN) paralysis (1–12%), Horner syndrome (0.8–1.0%),
spinal accessory nerve paralysis (0.7–1.0%),
chyle leak (0.2–1.0%), and superior laryngeal

nerve deficit and scar [12], sufficient data exist to
believe that surgery still represents the key treatment for known recurrent/persistent disease even
they are able to concentrate radioactive iodine [9,
10, 13]. Furthermore, progression of recurrent/
persistent disease in central compartment might
eventually result in RLN paralysis and tracheal,
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Fig. 48.2 Preoperative US mapping of neck showing
metastatic lymph nodes in both central compartments.
Reference points such as previous surgical scar, clavicle,
sternum, trachea, thyroid cartilage, common carotid
artery, etc. shown on the hand drawing as well as injected
lymph nodes

laryngeal, or esophageal invasion making timely
surgical intervention more critical. Therefore, it
has been advocated that efforts should be made
to avoid central compartment reoperation by performing a definitive and more radical initial surgical treatment [14].
The ATA 2015 guideline states that therapeutic central compartment (level VI) neck dissection for patients with clinically involved central
nodes should accompany total thyroidectomy to
provide clearance of disease from the central
neck. On the other hand, prophylactic central
compartment neck dissection (ipsilateral or bilateral) was recommended in patients with papillary
thyroid carcinoma with clinically uninvolved
central neck lymph nodes (cN0) who have
advanced primary tumors (T3 or T4) or clinically
involved lateral neck nodes (cN1b) or if the information will be used to plan further steps in
therapy.
The ATA 2015 guideline also do advise therapeutic compartmental central and/or lateral neck dissection in a previously operated compartment for
patients with biopsy-proven persistent or recurrent
disease for central neck nodes ≥8 mm and lateral
neck nodes ≥10 mm in the smallest dimension that
can be localized on anatomic imaging [3]. Decision
making on timing of surgery mainly based on size
criteria in ATA guideline, assuming all the recur-

rences below this size threshold as low-volume disease. Although indolent nodal disease, even larger
than 1 cm, can be managed through active
surveillance, multiple factors in addition to size
should be taken into account when considering
surgical intervention, including existence of highgrade histology, radioiodine avidity, Tg doubling
time, and the number of lymph nodes involved
(metastatic burden).
It appears that surgical success of reoperations with acceptable complication rates
mainly depends on the availability of surgical
expertise on revision thyroid cancer surgery.
Moreover, correct delineation of the disease
preoperatively and the use of new techniques
facilitating identification of RLN and metastatic foci during surgery are essential parts of
therapeutic success.
With the increasing number of patients discovered with subcentimeter nodal recurrences,
the failure to find and remove the recognized
recurrences is becoming another risk of reoperations. To improve the surgical success and reduce
the complication rates, several methods have
been described including preoperative USG mapping [9], intraoperative USG [15], same day USG
guidance [16], USG-guided needle localization
[17, 18], hook needle-guided excision [19], USGguided dye injection [20], and radioguided surgery (RGS) [8, 21–24].
ROLL technique which is originally
described for breast lesions [25] was also used
for nodal recurrences of thyroid cancer in lateral [26] and central compartments [1]. The
technique depends on direct inoculation of a
small quantity of Tc-99m-labeled particles
(macroaggregated albumin, colloid, etc.) into
the lesion under radiographic or USG guidance.
Since ROLL technique does not depend on
the systemic application of the radiotracer and
existence of concentrating ability of metastatic
lesions, we found this technique noteworthy.
Furthermore, it provides best possible lesion to
background count ratio during RGS with negligible radiation doses to the operator. We, therefore, use combined preoperative USG mapping
with ROLL in patients with PTC recurrences in
central compartment.
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48.2.1 Management
Despite previous two surgeries, due to increasing
Tg levels and apparently, iodine-negative multiple lymph node metastases in central compartment, she was subjected to surgical treatment
again. Both central and lateral lymph node metastases were not respected before first surgery and
during intraoperative assessment. Most frequently, locoregional nodal disease is the result
of incomplete initial surgical treatment, and
efforts should be concentrated on timely identification of the presence of cervical lymph node
metastasis prior and during first surgery.
Since the patient had undergone thyroid surgery with the intention of lobectomy due to giant
benign nodule, central and lateral nodal metastases have been missed during presurgical workup.
However, USG examination of known or suspected thyroid nodule should always include the
survey of the cervical lymph nodes for detection
of possible nodal disease.
Inappropriately high Tg levels after first I-131
treatment have led to the discovery of lateral
cervical metastases in our patient. Unfortunately,
central nodal metastases have been missed before
and during the lateral neck dissection. In general,
central compartment is the first nodal basin for
metastasis, and skip nodal metastasis is rare and
limited to mostly upper pole tumors [27].
Therefore, existence of lateral neck metastasis
could have been led to prophylactic central
compartment neck dissection (ipsilateral or
bilateral) with lateral neck dissection as advised
in guidelines.

48.2.2 Follow-Up and Outcome
Since she has been given two high dose RAI
treatment and no significant uptake has been
appreciated on posttreatment I-131 whole body
scans previously, follow-up without additional
I-131 treatment recommended to her by our multidisciplinary endocrine tumor board. At 6-week
follow-up after last surgery, TSH was 0.04 μIU/
mL, and Tg level was 0.158 ng/mL without Tg
antibodies.

309

She was 35 years old and nulliparous by the
time of third surgery. She and her husband have
been attempting pregnancy before the diagnosis
of thyroid cancer. They have been advised to postpone pregnancy for 6 months after each radioiodine treatment. Based on excellent response to
surgical treatment, she and her husband encouraged to conceive. She got pregnant two months
after final surgery and gave birth to a healthy boy
2 years before. Her Tg levels stayed under
<0.2 ng/mL during the pregnancy, and she has
been under active surveillance for a few millimetric lymph node in the right central compartment
for 4 years now. Last follow-up visit, performed a
month before the preparation of this manuscript,
revealed serum TSH of 0.107 mIU/L, Tg of
0.132 ng/mL without Tg antibodies and confirmed the stability of millimetric right paratracheal lymph nodes.

What Can We Learn from This Case?

• USG examination of known or suspected
thyroid nodule should always include
the survey of the cervical lymph nodes
for detection of possible nodal disease.
• Surgery still represents the main treatment for known recurrent/persistent disease even they are iodine avid.
• The surgical success of reoperations
with acceptable complication rates
depends on the availability of surgical
expertise on revision thyroid cancer surgery. Correct delineation of the disease
preoperatively and the use of new techniques facilitating identification of RLN
and metastatic foci during surgery are
essential parts of therapeutic success.
• Reoperations of recurrent lateral neck
metastasis should include prophylactic
central compartment neck dissection
(ipsilateral or bilateral) if it is not performed during first surgery.
• Adjuvant radioiodine treatment is not
standard in recurrent thyroid carcinoma
and could be safely omitted in patients
with excellent biochemical and structural response to surgical treatment.

S. Ilgan
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Abstract

A 56-year-old male patient with multiple nodules in both thyroid lobes underwent a left
lobectomy due to a nodule with a 3.5 cm
diameter in the left thyroid lobe.
Histopathological examination of the surgical
specimen revealed a minimally invasive follicular thyroid carcinoma (MI-FTC) without
vascular invasion. After completion thyroidectomy, additional tumor foci were not detected
in the right lobe. The patient received radioiodine ablation treatment (RAT) with 3700 MBq
(100 mCi) iodine-131 (131I) 2 months after the
operation. During the RAT, the serum thyroidstimulating hormone (TSH) and thyroglobulin
(Tg) levels were measured as 30 IU/ml and
19.5 ng/mL, respectively. Six months after the
RAT, a diagnostic whole-body scintigraphy
with 185 MBq 131I was performed to evaluate
the ablation success. The serum-stimulated Tg
level was <0.1 ng/mL, and a 131I whole-body
scintigraphy was normal. The patient was followed up with neck USGs, serum suppressed

E. Özkan (*)
Department of Nuclear Medicine, Medical Faculty of
Ankara University, Ankara, Turkey
Ç. Soydal
Department of Nuclear Medicine, Ankara University
School of Medicine, Ankara, Turkey

and/or stimulated Tg levels, and/or 131I diagnostic whole-body scintigraphies for 10 years.
The patient exhibited no clinical evidence of
disease at the final follow-up.

49.1

Case Presentation

A 56-year-old male patient with multiple nodules
in both thyroid lobes underwent a left lobectomy
due to a nodule with a 3.5-cm diameter in the left
thyroid lobe. Serum thyroid function tests were
compatible with euthyroidism. Histopathological
examination of the surgical specimen revealed a
minimally invasive follicular thyroid carcinoma
(MI-FTC) without vascular invasion. The tumor’s
maximum diameter was 4.5 cm. A completion
thyroidectomy was performed based on considerations of the patient’s age and the size of the
tumor. After the operation, no tumor was detected
in the right thyroid lobe. The patient received
radioiodine ablation treatment (RAT) with
3700 MBq (100 mCi) iodine-131 (131I) 2 months
after the operation. During the RAT, the serum
TSH and Tg levels were measured as 30 IU/mL
and 19.5 ng/mL, respectively. Radioiodine uptake
limited to the thyroid bed was observed on a
postablative whole-body scintigraphy. Six

months after the RAT, a diagnostic whole-body
scintigraphy with 185 MBq (5 mCi) 131I was
performed to evaluate the ablation success.
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The serum-stimulated Tg level was <0.1 ng/mL,
and an 131I whole-body scintigraphy was normal.
The patient has been followed up with at least
one neck USG, one additional diagnostic 131I
whole-body scintigraphy and assessments of the
serum suppressed and/or stimulated Tg levels
every 6 months during the first 2 years of followup. Later, the patient was followed up with neck
USG and assessments of the serum suppressed
and/or stimulated Tg levels at 12-month intervals
for 10 years. The patient exhibited no clinical
evidence of disease at the final follow-up.

49.2

Evaluation and Diagnosis

Follicular thyroid carcinoma (FTC) is the second
most common cancer of the thyroid and accounts
for approximately 10% of all thyroid cancers [1].
FTC is more common in women, especially during a short period after menopause, and in iodineinsufficient populations [2]. FTC is divided into
two categories based on the degree of invasiveness, i.e., minimally invasive (MI) or encapsulated and widely invasive (WI) [3]. According to
the risk of recurrence associated with follicular
histological features, three risk groups have been
defined as very low-risk FTC, low-risk FTC, and
high-risk FTC [3–5]. A very low-risk FTC exhibits capsular invasion without vascular invasion, a
low-risk FTC exhibits minimal vascular invasion
involving <3–4 microscopic vessels, and a highrisk FTC exhibits extensive vascular invasion that
often involves extracapsular vessels. Many clinical studies have demonstrated that the ranges of
the risk of recurrence for the very low-, low-, and
high-risk groups are 1–7%, 1–5%, and 30–55%,
respectively [4–8]. D’Avanzo et al. reported different disease-free survival values at 10 years for
the three FTC groups, i.e., 98% for an MI-FTC
group without vascular invasion, 80% for an
MI-FTC group with vascular invasion and with
or without capsular invasion, and 38% for a
WI-FTC group [9]. MI-FTCs with a very low or
low risk have excellent clinical outcomes, and
recurrence and distant metastasis are very rare [4,
5, 7–10]. The correct identification of patients
who have a risk for recurrence is important for

the clinical outcome. In a recent study, Stenson
et al. investigated the outcomes of MI-FTCs and
identified prognostic parameters for adequate
treatment and follow-up [11]. According to this
study, combined vascular and capsular invasion,
age at surgery of ≥50 years, and male gender are
related to the risk of death from MI-FTC. These
authors reported that the age at diagnosis and the
existence of combined capsular and vascular
invasions are important prognostic factors. Our
case had two poor risk factors (i.e., male gender
and age ≥50 years) at the time of diagnosis.
However, there was no vascular invasion.
According to the risk groups, the patient was
accepted as having a very low-risk FTC. The
patient has been followed up for 10 years without
clinical recurrence or disease-related mortality.
Despite this finding, in the literature, there are
some metastatic MI-FTC cases without vascular
invasion [5, 12, 13]. For this reason, some authors
believe that the currently accepted histological
classification might not precisely predict an
aggressive clinical course [12]. These authors
recommend total thyroidectomy and RAT for all
FTCs [12, 14]. A consensus report of the
European Society of Endocrine Surgeons indicated that candidates for total thyroidectomy are
MI-FTC patients who are ≥45 years of the age at
diagnosis, have tumors ≥4 cm, have vascular
invasion, are positive for lymph node metastasis,
and are positive for distant metastasis.
Radioiodine ablation is also recommended for
elderly patients (>45 years) and those with large
tumors (>4 cm), extensive vascular invasion, and
the presence of metastasis or positive lymph
nodes [15]. In our case, we applied total thyroidectomy and RAT.

49.3

Management

Histopathological examination is critical for the
discrimination of the FTC categories and patient
management. First, a lobectomy was performed
because of the large nodule on the left lobe.
Second, a completion thyroidectomy was performed because of >4 cm tumor and to enable
RAT. Thyroid lobectomy alone may be sufficient
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for low-risk papillary and follicular carcinoma
cancers; however, for patients with thyroid cancers >4 cm, a near-total or total thyroidectomy is
recommended by the 2015 ATA guidelines [16].
In our case, an MI-FTC without vascular invasion
and a 4.5-cm diameter in the left thyroid lobe was
reported in the histopathological examination.
Completion thyroidectomy was performed to
enable RAT based on consideration of the
patient’s age, the size of the tumor, and the FTC
histology. After the operation, no tumor was
detected in the right thyroid lobe. Approximately
2 months after the second surgery, a treatment
dose of 131I (3700 MBq) was administered, and a
total body scan was obtained 6 days later.
Radioiodine uptake limited to the thyroid bed
was observed on the postablative whole-body
scintigraphy. Postoperative diagnostic 131I or 123I
scanning can also be performed 4–6 weeks after
surgery. In our department, we do not use routine
postoperative iodine scintigraphy because of the
stunning effect of 131I. Low-dose (37–111 MBq)
131
I or alternative isotopes, such as 123I, can be
used to avoid or prevent this effect.

49.4
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suppressed and/or stimulated Tg levels every
6 months during the first 2 years of follow-up.
Later, the patient has been followed up with neck
USGs and assessments of the serum suppressed
and/or stimulated Tg levels at 12-month intervals
for 10 years. The patient exhibited no clinical evidence of disease at the final follow-up.

49.5

Future

The correct identification of an MI-FTC is important for disease management. In the future, the
role of new molecular panels should be clarified
in patients with MI-FTCs.

What Can We Learn from This Case?

• Although MI-FTCs are usually characterized by an excellent prognosis, distant metastasis has been reported in
certain cases.
• The correct identification of patients
who have a risk for recurrence is important for the clinical outcome.

Follow-Up and Outcome

On the first follow-up 6 months after RAT, a diagnostic whole-body scintigraphy was performed
with 185 MBq 131I to evaluate the ablation success. The serum-stimulated Tg level was <0.1 ng/
mL, and the 131I whole-body scintigraphy was
normal. According to the 2015 ATA guidelines, in
patients with an excellent response to therapy
(i.e., no clinical evidence of a tumor) and especially in those who are at low-risk for recurrence,
the serum TSH may be kept within the low reference range (0.5–2 mU/L). In our case, the serum
TSH level remained within the low reference
range at 0.5 mU/L. The long-term follow-up of
differentiated thyroid cancer has two main goals.
The first goal is accurate surveillance for possible
recurrence. The second goal is the monitoring of
thyroxine suppression or replacement therapy.
Our patient was followed up with at least one
neck USG, one additional diagnostic 131I wholebody scintigraphy, and assessments of the serum
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Abstract

A 78-year-old male patient with follicular carcinoma in the left thyroidal lobe with 10 cm
diameter received radioiodine ablation treatment (RAT) with 5550 MBq (150 mCi)
iodine-131 (131I) 2 months after the operation.
During the RAT, the serum thyroglobulin (Tg)
level was measured as 252.59 ng/ml. Radio
iodine uptake in the thyroid bed and thoracal
and pelvic regions was observed on a postablative whole-body scintigraphy. Simul
taneous
bone scintigraphy was performed. A moderately increased uptake was observed in the
right iliac bone. Thoracal and pelvic computed
tomographies (CTs) were also performed for
further evaluation of the radioiodine uptake in
thoracal and pelvic regions. A pathologic soft
tissue lesion of 2.5 × 1.5 cm that may have
been compatible with a lymphadenopathy on
the anterior mediastinum was observed, and a
sclerotic bone lesion of 2 cm in diameter that
was concordant with metastasis on the right
iliac bone was reported on CT. The patient was
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followed up for 5 years under suppressive dose
of LT4 treatment. Serum Tg measurements and
pelvic CT and/or MRI were performed periodically. Biochemical and radiological stabilization were detected during the 5-year
follow-up period. Additional surgery or local
therapy for the bone metastasis was not applied
because of the asymptomatic and stable local
metastatic disease.

50.1

Case Presentation

A 78-year-old male patient with neck mass
underwent total thyroidectomy due to a histopathologically demonstrated follicular lesion that
was diagnosed by fine needle aspiration biopsy
(FNAB). Histopathological examination of the
surgical specimen revealed a follicular carcinoma
in the left thyroidal lobe with a diameter of
10 cm. Additionally, capsular and extracapsular
invasions were detected on the histopathological
examination (T4N0Mx). The patient received
radioiodine ablation treatment (RAT) with
5550 MBq (150 mCi) iodine-131 (131I) 2 months
after the operation. During the RAT, the serum
thyroglobulin (Tg) level was measured as
252.59 ng/ml. Radioiodine uptake in the thyroid
bed and thoracal and pelvic regions were
observed on anterior and posterior postablative
whole-body scintigraphy (Fig. 50.1a, b).
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Fig. 50.1 (a, b)
Anterior and posterior
images of postablative
whole-body scintigraphy
following radioiodine
ablation treatment
(RAT) with high dose
iodine-131

a

Simultaneous bone scintigraphy was performed,
and a moderately increased uptake was observed
in the right iliac bone. Thoracal and pelvic computed tomographies (CTs) (Figs. 50.2 and 50.3)
were also performed for further evaluation of the
radioiodine uptake in thoracal and pelvic regions.
A pathologic soft tissue lesion of 2.5 × 1.5 cm
that may have been compatible with a lymphadenopathy at the anterior mediastinum was
observed, and a sclerotic bone lesion of 2 cm in

b

diameter that was concordant with metastasis at
the right iliac bone was reported. The patient was
followed up for 6 months while under a suppressive-dose LT4 treatment. In the third month,
while the TSH level was 0.05 ng/ml, the serum
Tg level was 10.03 ng/ml. In the sixth month,
while the TSH level was 0.03 ng/ml, the Tg level
was 4.68 ng/ml, and simultaneous 99mTc-MIBI
whole-body scintigraphy was performed to evaluate the disease activity. There were no patho-
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Fig. 50.2 Axial slice of thoracal CT showing pathologic
soft tissue lesion at the anterior mediastinum (arrow)
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thyroid cancer due to hematogenous spread [2].
Older patients are at an increased risk of developing distant metastases. High serum Tg levels and
initially worse histologic features, such as extensive vascular invasion and extrathyroidal extension, are important indicators of suspected
metastasis [3]. The serum Tg levels are higher in
patients with bone metastases than in patients
with isolated lung involvement [3, 4]. Half of the
metastases are initially present and generally
identified on postablative whole-body scans as in
our case. The remaining patients are discovered
after a median follow-up of 3–4 years. Local
symptoms, such as pain and swelling and orthopedic complications, are common in up to 85%
of patients with bone metastases [2, 5, 6]. Bone
metastases are generally purely osteolytic, and
radiographic visualizations are often difficult.
Bone scintigraphy may reveal decreased or moderately increased uptake. CT and magnetic resonance imaging (MRI) are more successful
regarding visualizing bone involvement.

50.3
Fig. 50.3 Axial slice of pelvic CT showing sclerotic
bone lesion at the right iliac bone

logical findings on the 99mTc-MIBI whole-body
scintigraphy. An 18F-FDG PET/CT was also performed to evaluate the glycolytic activity of the
metastases. However, no pathologic FDG uptake
was observed on the whole-body PET scan.

50.2

Evaluation and Diagnosis

Follicular thyroid carcinoma (FTC) originates
from the thyroid follicular cells, and it is the second most common cancer of the thyroid [1]. FTC
usually presents as a solitary thyroid tumor and
occurs most commonly in older patients as in our
case. Distant metastases, such as those to bones
and the lungs, are more likely to develop in
patients with FTC than in patients with papillary

Management

In cases with radioiodine avidity of the bone
metastases, radioiodine treatment is the firstchoice treatment. For this reason, our patient
received two additional radioiodine treatments.
There was radioiodine uptake in the right iliac
bone on whole-body scintigraphies after the therapy doses. The patient has been followed up
while under suppressive dose of LT4 treatment.
Serum Tg measurements and pelvic CT and/or
MRI scans have been performed periodically.
Biochemical and radiological stabilization were
detected during the 5-year follow-up period.
Additional surgery or local therapy for the bone
metastasis was not applied because of the asymptomatic and stable local metastatic disease. TSHsuppressive thyroid hormone therapy is a
preferred therapeutic option for patients with
stable or slowly progressing asymptomatic disease [7]. At the end of the 5-year follow-up
period, the serum Tg levels began to increase.
While the TSH level was 0.05 ng/ml, the serum
Tg level was 21.54 ng/ml. No further radioiodine
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treatment was planned based on considerations
of the age of the patient and the total previously
received radioiodine therapy dose (cumulative
25,900 MBq). At the time of the preparation of
this article, we have planned a new thoracoabdominopelvic CT. If we detect symptomatic, significantly progressive multiple macroscopic
diseases, we will evaluate systemic therapy with
kinase inhibitors. Tyrosine kinase inhibitors
(TKIs) should be considered for radioiodine
refractory DTC patients with metastatic, rapidly
progressive, symptomatic, and/or imminently
threatening disease who are not otherwise amenable to local control using other approaches.
However, candidates should be thoroughly counseled on the risks and benefits of this therapy [7].
Additionally, the NCCN guidelines state that lenvatinib or sorafenib should be considered for progressive and/or symptomatic disease with
iodine-refractory metastases except for central
nervous system metastases [8]. However, TKIs
are very expensive and are associated with several adverse events. For this reason, optimal
patient selection and management are crucial [9,
10]. 18F-FDG PET/CT imaging can also be performed to identify the disease extent and to predict survival as a prognostic factor. Surgical
excision of locoregional disease in curable
patients, external beam radiotherapy, or other
local treatment options, such as thermal ablation,
may also be considered to prevent
complications.

50.4

Future

Gene expression profiling can detect evidence
regarding aggressive tumor characteristics and
the propensity for metastasis. Such profiling and
several staining techniques can also apply to
FNAB specimens [11, 12]. These approaches
could be more frequently used to predict distant
metastasis in high-risk patients. The early detection of metastasis can improve the therapeutic
results. Recently, a few studies have reported the
role of Ga-68 DOTA-peptide PET/CT in the
treatment of metastatic thyroid cancer patients.
This technique also enables the evaluation of the

appropriateness of peptide receptor radionuclide
treatment with Lu-177 DOTA-peptides [13].
Another novel PET tracer for the same patient
group is iodine-124 (124I). Due to the high sensitivity of this tracer to 123I and 131I and the high
resolution of PET imaging, this approach can
detect small amounts of metastatic tissue [14].
In the future, the roles of new PET tracers should
be clarified for patients under follow-up and with
elevated serum Tg levels. The additional benefit
of combined PET and MRI imaging will enable
an increase in the sensitivity of the detection of
recurrent disease in the neck and bones [15].
What Can We Learn from This Case?

• Distant metastases are more common in
follicular thyroid carcinoma.
• Especially, older age and poor histopathological factors are important to
suspect from metastasis.
• Radioiodine treatment is the first choice
of treatment in the case of radioiodine
avidity of bone metastases.
• TSH-suppressive thyroid hormone therapy is also a preferred therapy option for
patients with stable or slowly progressive asymptomatic disease.
• Surgical excision of locoregional disease
in curable patients, external beam radiotherapy, or other local treatment options
such as thermal ablation may also be
considered to prevent complications.
• Tyrosine kinase inhibitors (TKIs) should
be considered in radioiodine refractory
DTC patients with metastatic, rapidly
progressive, symptomatic, and/or imminently threatening disease not otherwise
amenable to local control using other
approaches.

References
1. Pacini F, Schlumberger M, Dralle H, Elisei R, Smit JW,
Wiersinga W, European Thyroid Cancer Taskforce.
European consensus for the management of patients

50

2.

3.

4.

5.

6.

7.

8.

Follicular Thyroid Cancer and Bone Metastasis
with differentiated thyroid carcinoma of the follicular
epithelium. Eur J Endocrinol. 2006;154:787–803.
Durante C, Haddy N, Baudin E, Leboulleux S,
Hartl D, Travagli JP, et al. Long-term outcome of
444 patients with distant metastases from papillary
and follicular thyroid carcinoma: benefits and limits of radioiodine therapy. J Clin Endocrinol Metab.
2006;91:2892–9.
Schlumberger M, Baudin E. Serum thyroglobulin
determination in the follow-up of patients with differentiated thyroid carcinoma. Eur J Endocrinol.
1998;138:249–52.
Robbins RJ, Srivastava S, Shaha A, Ghossein R,
Larson SM, Fleisher M, et al. Factors influencing
the basal and recombinant human thyrotropin-stimulated serum thyroglobulin in patients with metastatic thyroid carcinoma. J Clin Endocrinol Metab.
2004;89:6010–6.
Bernier MO, Leenhardt L, Hoang C, Aurengo A,
Mary JY, Menegaux F, et al. Survival and therapeutic
modalities in patients with bone metastasis of differentiated thyroid carcinoma. J Clin Endocrinol Metab.
2001;86:1568–73.
Farooki A, Leung V, Tala H, Tuttle RM. Skeletalrelated events due to bone metastases from differentiated thyroid cancer. J Clin Endocrinol Metab.
2012;97:2433–9.
Haugen BR, Alexander EK, Bible KC, Doherty
GM, Mandel SJ, Nikiforov YE, et al. American
Thyroid Association Management Guidelines for
adult patients with thyroid nodules and differentiated
thyroid cancer: The American Thyroid Association
Guidelines Task Force on thyroid nodules and differentiated thyroid cancer. Thyroid. 2015;26:1–133.
https://doi.org/10.1089/thy.2015.0020.
NCCN Clinical Practice Guidelines in Oncology,
Thyroid Carcinoma, 2015 Version 2. 2015. NCCN.org.

321
9. Schlumberger M, Brose M, Elisei R, Leboulleux
S, Luster M, Pitoia F, Pacini F. Definition and
management of radioactive iodine-refractory differentiated thyroid cancer. Lancet Diabetes
Endocrinol. 2014;2:356–8. https://doi.org/10.1016/
S2213-8587(13)70215-8.
10. Ito Y, Suzuki S, Ito K, Imai T, Okamoto T, Kitano
H, et al. Tyrosine-kinase inhibitors to treat radioiodine-refracted, metastatic, or recurred and progressive differentiated thyroid carcinoma. Endocr J.
2016;63:597–602. https://doi.org/10.1507/endocrj.
EJ16-0064.
11. Kebebew E, Weng J, Bauer J, Ranvier G, Clark OH,
Duh QY, et al. The prevalence and prognostic value
of BRAF mutation in thyroid cancer. Ann Surg.
2007;246:466–70.
12. Vasko V, Espinosa AV, Scouten W, He H, Auer H,
Liyanarachchi S, et al. Gene expression and functional evidence of epithelial-to-mesenchymal transition in papillary thyroid carcinoma invasion. Proc
Natl Acad Sci. 2007;104(8):2803.
13. Elboğa U, Özkaya M, Sayiner ZA, Çelen YZ. Lu-177
labelled peptide treatment for radioiodine-refractory
differentiated thyroid carcinoma. BMJ Case Rep.
2016. https://doi.org/10.1136/bcr-2015-213627.
14. Santhanam P, Taieb D, Solnes L, Marashdeh W,
Ladenson PW. Utility of I-124 PET/CT in identifying radioiodine avid lesions in differentiated thyroid
cancer: a systematic review and meta-analysis. Clin
Endocrinol. 2017;86:645–51. https://doi.org/10.1111/
cen.13306.
15. Dercle L, Deandreis D, Terroir M, Leboulleux S,
Lumbroso J, Schlumberger M. Evaluation of (124)I
PET/CT and (124)I PET/MRI in the management of
patients with differentiated thyroid cancer. Eur J Nucl
Med Mol Imaging. 2016;43:1006–10.

Differentiated Thyroid Cancer
with Brain Metastasis

51

Gülin Uçmak and Burcu Esen Akkaş

Abstract

Differentiated thyroid cancer is associated with
favorable prognosis. The presence of distant
metastases is generally rare. The most common
sites of distant metastases are the lungs and
bones followed by the brain and liver. Even
with distant metastases, the 10-year survival
can reach up to 50% in a majority of patients.
However, the prognosis of patients with brain
metastases generally differs and associates with
cancer-associated mortality. In this chapter, the
clinical progression and the diagnosis of brain
metastases on follow-up are presented in a
patient with papillary thyroid carcinoma.

51.1

Case Presentation

A 46-year-old male patient was referred to our
Nuclear Medicine Department after total thyroidectomy with a diagnosis of papillary thyroid cancer for clinical management and the evaluation of
radioiodine treatment. The tumor had macro-
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scopical invasion to fat tissues and muscles surrounding the thyroid gland. In addition, there
were lymphatic metastases on central and bilateral cervical compartments.
Thyroid scan performed after i.v. administration of 5 mCi Tc-99m pertechnetate was negative
for residual thyroid tissue. Neck ultrasound
(USG) revealed slightly enlarged superior jugular
lymph nodes. The patient was not receiving any
thyroid hormone replacement. His thyroid function test results were as follows: Free triiodothyronine (FT3) level was 0.8 pg/ml (reference
range, 2.50–4.30 pg/ml), free thyroxine (FT4)
level was 0.5 ng/dl (reference range, 0.90–
1.70 ng/dl), and thyroid-stimulating hormone
(TSH) level was 96.9 μIU/ml (reference range,
0.35–5.00 μIU/ml). Serum thyroglobulin (TG)
level was 844 ng/ml. Anti-TG antibodies were
within normal ranges.
As serum TG level was significantly elevated,
18-FFDG positron emission tomography/computed tomography (PET/CT) was performed to
evaluate disease extent and to stratify patient’s
risks. Hypermetabolic cervical and mediastinal
lymph nodes were detected on PET/CT
(SUVmax, 18.4) (Fig. 51.1). In addition, multiple
pulmonary nodules which were smaller than
1 cm were seen in both lungs. The patient was
discussed in the multidisciplinary tumor board of
our hospital for treatment strategies. Cervical and
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Fig. 51.1 Figure demonstrates staging FDG PET/CT
performed after total thyroidectomy. On the left column,
axial slices of CT, PET, and fused PET/CT images are
given. On the right column, maximum intensity projection
image is shown. On PET/CT images, multiple hypermeta-

bolic lymph nodes on right level IV and in mediastinum
are seen. The largest mediastinal nodes are 2 cm in size
and are located on right paratracheal region with SUVmax
of 18.4. Note the intense FDG uptake in the parasternal
lymph node which is 3 mm in size

mediastinal hypermetabolic lymph nodes were
considered as suitable for surgical resection. In
addition, high-dose radioiodine therapy and
external beam radiation therapy (EBRT) were
planned following surgery. However, the patient
refused to have a surgical operation.
A therapy dose of 200 mCi I-131 was chosen
for initial therapy. On post-therapy whole-body
scan (WBS), intense I-131 uptake was detected
reflecting the residual tissues on thyroid bed, and

a mild solitary focal uptake was detected on
upper mediastinum (Fig. 51.2). After therapy, the
patient was discharged from the hospital with
L-thyroxin replacement treatment.
A follow-up visit was conducted 3 months
after the ablation therapy. Clinical examination
and neck USG were performed; serum TSH, nonstimulated TG, anti-TG antibody levels, and
complete blood counts were checked during follow-up visits. Response to therapy was assessed
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Fig. 51.2 Figure demonstrates the post-therapy WBS
following the administration of 200 mCi I-131. Intense
iodine uptake is seen on thyroid

based on TG values following after ablation therapy. Serum TG was 65 ng/ml with TSH: 0.1 μIU/
ml. Sixty-five Gy EBRT was applied to cervical
and mediastinal metastatic lymph nodes. On the
control visit 3 months after EBRT, serum TG
declined to 20 ng/ml while TSH was 0.1 μIU/ml.
Anti-TG antibodies were negative.
The second radioiodine therapy with 250 mCi
I131 was given 9 months after the initial therapy
dose. Serum TSH was 95 μIU/ml, and TG was
597 ng/ml with no anti-TG antibodies. Post-
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therapy iodine WBS was negative for pathological iodine uptake. A follow-up PET/CT study
performed 6 months after the final iodine therapy
and demonstrated a significant reduction in size
and metabolic activity in mediastinal lymph
nodes. SUVmax declined to 3.12 in hypermetabolic lymph nodes, whereas SUVmax was 18.4
on the previous PET/CT scan.
On the following 4 years after the final iodine
treatment, serum TG levels stayed stable within
the range 18–25 ng/ml on TSH suppression.
However, in the fifth year of follow-up, a sudden
progressive TG increase was seen on suppression
(25–55 ng/ml, within 6 months). Restaging PET/
CT was negative for radiological and metabolic
progression. For there were no findings of disease progression on body screening, magnetic
resonance imaging (MRI) was acquired for possible brain metastases. On MRI, a 6-mm-sized
metastatic mass lesion was seen on left frontal
lobe that was isointense on T1-weighted images
and hyperintense on T2-weighted images and
showed intense contrast enhancement on postcontrast T1-weighted series (Fig. 51.3).
The patient was consulted for neurosurgery
for resection of the mass lesion; however stereotactic body radiation therapy (SBRT) was planned
on consensus with the tumor board and the
patient. Twenty-one Gy SBRT was given in a
single fraction to the metastatic lesion. Control
MRI was acquired 3 months after SBRT. On
MRI, findings compatible with efficient local
control were observed.
However, the progressive increase of serum TG
was continued, and TG level reached to 91.5 ng/ml
6 months after SBRT on suppression. A restaging
PET/CT was acquired. On PET/CT we observed
multiple new metastatic lung nodules, some of
which have pathological FDG uptake (SUVmax,
2.40) in addition to increase in size of pre-existing
nodules and mediastinal lymph nodes. With these
findings, the patient was considered as a suitable
candidate for targeted therapies as he had iodinerefractory progressive disease. Tyrosine kinase
inhibitor therapy was started with oral sorafenib
2 × 400 mg daily. The patient had tolerable side
effects such as diarrhea and skin peeling due to
sorafenib, but dose adjustment was not needed.

G. Uçmak and B. E. Akkaş

326

a

b

Fig. 51.3 Figure demonstrates the axial slices of MRI imaging. On T2-weighted MRI images (a), a hyperintense mass
lesion is seen on left frontal lobe which showed increased contrast enhancement on post-contrast T1-weighted series (b)

51.2

Follow-Up and Outcome

During 2 years following the onset of sorafenib
treatment, control MRI showed findings of local
control. However, despite systemic sorafenib
treatment, the progression of pulmonary nodules
on thorax CT is seen on follow-up. Serum TG
levels ranged within 90–161 ng/ml.
As a summary, the patient was diagnosed with
local advanced papillary thyroid cancer and had
lung metastases and lymph node metastasis in
cervical and mediastinum. Following thyroidectomy, the patient received two sequential doses of
radioiodine therapy (total dose of 450 mCi) and
EBRT to the neck and upper mediastinum. On
follow-up, disease stayed stable for 4 years. On
the 5th year of follow-up, biochemical progression was seen with stable previous metastatic
sites. Cranial MRI imaging detected brain metastases. SBRT was given to the brain, and systemic
sorafenib treatment was given due to the progression of lung metastases. In conclusion, 7 years
have passed after the initial diagnosis of locally

advanced and metastatic papillary cancer, and
2 years have passed after the diagnosis of brain
metastases. The patient is still alive with progressive disease and is asymptomatic, and ECOG
performance score is 1.

51.3

Discussion

Brain metastases from differentiated thyroid carcinoma (DTC) are rare. The reported frequency is
approximately 1% [1–3]. In undifferentiated carcinoma and anaplastic thyroid cancer, the incidence may reach up to 10%. The most common
site of brain metastases is hemispheres.
Cerebellum, brain stem, and pituitary gland
involvement may rarely be seen [4]. Brain metastases may be asymptomatic, or headache, visual
disturbances, or symptoms resulting from cerebral edema may be seen.
Since the occurrence of brain metastases
from DTC is very rare, there is no specific consensus on how to manage patients with brain
metastases from DTC. The choice of therapy
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must depend on a variety of factors, including
performance status of the patient; lifetime
expectancy; number, location, and size of brain
metastases; the presence or absence of neurological symptoms; suitability for surgical resection; and the chance to control the primary
extracranial disease. For solitary brain metastases (SBM) from DTC, in general, surgery
remains the preferred treatment modality if
applicable [2]. The American Thyroid
Association guideline recommends surgery and
SBRT as the mainstays of therapy for brain
metastases, in addition to radioiodine therapy if
the tumors concentrate iodine [5].
Initial treatment for patients with brain metastases includes surgery and radiotherapy, either
whole-brain radiotherapy (WBRT) or SBRT.
Stereotactic RT is preferred to WBRT because
life expectancy in patients with brain metastases
may be prolonged, and CyberKnife is generally
well tolerated and has fewer side effects compared to WBRT.
In the clinical management of metastatic brain
lesions, neurosurgery is severely indicated for
patients with >3 cm tumors and patients with
smaller tumors but have neurological symptoms
due to cerebral edema or compression of vital
brain parenchyma. Neurosurgery is generally
reserved for patients with limited extracranial
metastases and for SBM. However, with the technical improvement in radiation treatment technology, in the new era, CyberKnife may offer
considerable outcomes compared to neurosurgery for SBM. For SBM of non-small cell lung
cancer, researchers reported that there was no statistical difference between CyberKnife and surgery in terms of overall survival and local disease
control [6]. For patients with few brain metastases from DTC, ATA reported that CyberKnife is
as effective as surgery and can be repeated in case
of diagnosis of new brain lesions [5]. Furthermore,
CyberKnife is less invasive, is usually well tolerated, does not significantly increase morbidity,
and is more acceptable for patients with SBM
particularly for elder patients with comorbid diseases. However, the use of CyberKnife in the
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treatment of pediatric brain metastases is not well
established.
For radioiodine concentrating tumors, radioiodine therapy can be considered as a part of the
treatment strategy for brain metastases in a multidisciplinary approach with neurosurgery or RT
[7]. When high-dose radioiodine is given, concomitant use of glucocorticoids and anti-edema
medications play a pivotal role to prevent the
potential TSH-induced increase in tumor size or
inflammatory response caused by radioiodine.
The use of recombinant TSH stimulation rather
than thyroid hormone withdrawal and concomitant corticosteroid therapy may be helpful to
avoid prolonged TSH stimulation and significant
neurologic symptoms [7].
Particularly in the pediatric population,
high-dose radioiodine therapy can provide safe
and effective treatment for brain metastasis
since pediatric DTC is associated with higher
NIS expression in tumor cells than in adults and
can accumulate iodine in higher concentrations.
In their paper, Vrachimis et al. reported that
they succeeded to provide complete remission
of all metastases in the brain, bones, lungs, and
soft tissues in a 15-year-old girl with oxyphilic
variant of papillary thyroid cancer after highdose radioiodine therapy and maintained over a
follow-up period of 7.5 years [8]. For pediatric
population, high-dose radioiodine therapy can
be considered for the treatment of small brain
metastases, if surgery is contraindicated and
radiotherapy is to be avoided to minimize
adverse effects on the developing brains of children and adolescents. In that context, it is
important to premedicate patient with glucocorticoids to minimize the inflammatory effects
of radioiodine.
In consensus with our patient, SBRT was
applied. Radioiodine therapy was not a therapeutic option for our patient presented here as the
tumor was refractory to iodine. Our patient was
46 years old, and even though he did not have any
comorbid systemic diseases other than metastatic
thyroid cancer, he refused to have neurosurgery
and preferred to have SBRT.
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Even though the prognosis of DTC with distant
metastases is more favorable than the m
 ajority of
other stage four malignancies, central nervous system involvement associates with poor prognosis.
In general, survival decreases to less than 1 year
after the diagnosis of involvement in patients with
brain metastases [3, 9]. Very rarely, long survival
periods up to 10 years are reported in the literature
with brain metastases from DTC [10]. Multiple
prognostic factors such as the histopathological
characteristics of the primary tumor, the avidity of
radioiodine, patient age, and comorbid diseases
play important role in survival rates. It is suggested
that the prognosis of SBM would be better than
multiple brain metastases and benefit from more
aggressive therapies [11].
The role of systemic therapy, either chemotherapy or targeted therapy, in the management of
patients with brain metastases is not well-defined.
However, brain metastases on follow-up indicate
progressive disease for DTC and may necessitate
the administration of systemic targeted therapies
to control the extracranial disease. The reason for
sorafenib administration for our patient was the
need to control the systemic progression other
than treatment of BM. Moreover, even data are
lacking on the efficacy of systemic targeted therapies such as tyrosine kinase inhibitors for the
treatment of BM from DTC; there are published
reports suggesting a beneficial role of these
agents in the treatment of brain metastases in
other malignancies [12, 13].
It is known that patient outcome depends
mostly on the progression rate of extracerebral
lesions other than the brain metastases [9, 14]. In
a recent review, Choi et al. investigated the clinical features and prognostic factors of 37 patients
with brain metastases from DTC [14]. They
reported that the patients treated for brain metastases had better survival compared to those who
were not, but the main reason for disease-caused
mortality was lung progression, not the brain
metastases [14].
Systemic screening for metastatic disease is
important to accurately restage patients with biochemical progression. PET/CT is an effective
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diagnostic tool to accurately screen distant
metastases in patients with iodine-refractory thyroid cancer and to determine patient who would
benefit from curative surgery and/or RT [15, 16].
Surgery is crucial to improving progression-free
survival. Our group previously analyzed the
prognostic factors of patients with distant metastases from DTC and found that surgically amenable disease was the only independent factor in
patient prognosis [15]. However, brain metastases, particularly small-volume disease, may be
underdiagnosed due to the high physiological
glucose uptake in brain parenchyma. Magnetic
resonance imaging plays an important role in
detecting central nervous system involvement in
patients with neurological symptoms. Also, MRI
should be included in the clinical workup of
patients with locally advanced tumors with poor
prognostic histopathological factors, patients
with the biochemical progression that cannot be
explained by body screening even in the absence
of neurological symptoms.
Serum TG is a specific and an extremely useful tumor marker for recurrent disease both with
TSH stimulation and suppression. Residual or
distant metastatic diseases have been associated
with high serum TG levels in DTC. Casco-Diaz
et al. evaluated seven patients with brain metastases from DTC [17]. They found that patients
with brain metastases had significantly higher
levels of TG than those with local or extracranial
systemic disease (8.087 vs. 210 ng/ml, respectively). Our patient had significantly high serum
TG levels beginning from the initial diagnosis.
Although high TG level was a problematic indicator to suspect brain metastases given that our
patient had already metastatic disease in lymph
nodes and lungs, monitoring the progressive
increase in TG with stable previous metastatic
sites, we needed to screen for possible brain
metastases.
Since the ability to detect small-volume disease and to monitor disease progression has
improved significantly, earlier detection of distant metastases and administration of more efficient treatment modalities can provide better
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outcomes and longer survival periods. Clinicians
should consider this risk and investigate the possibility of intracranial involvement as early as
possible in patients with metastatic or iodinerefractory DTC in order to minimize clinical
deterioration. Surgical resection of all operable
metastatic lesions is critical to improving patient
survival. As an alternative option, ATA guidelines
reports that SBRT is as effective as surgery and
can be repeated in case of appearance of new
brain lesions [5]. However, the role of multidisciplinary adjuvant treatment following neurosurgery remains unclear [7].
In conclusion, systemic screening for metastatic disease is important to accurately restage
patients with biochemical progression. PET/CT
is an effective diagnostic tool to screen distant
metastases in patients with iodine-refractory
thyroid cancer accurately. However, brain metastases, particularly small-volume disease, may be
underdiagnosed due to the high physiological
glucose uptake in brain parenchyma. In patients
with a biochemical progression that cannot be
explained by FDG PET/CT imaging, the possibility of brain metastases must be kept in mind.
Magnetic resonance imaging plays a pivotal role
in detecting central nervous system involvement
and should be included in the clinical workup of
patients with biochemical progression.
The case presented here had dedifferentiated
papillary cancer with cervical and mediastinal
lymphatic metastasis and progressed with brain
involvement on follow-up. With our meticulous
care for distant metastasis screening, the brain
lesion was detected while it was a small-volume
disease, and with aggressive definitive multidisciplinary treatment, he is still alive and asymptomatic 2 years after the diagnosis of brain
metastases. However, we are aware of the worsening clinical outcome of our patient resulting
mainly from lung metastases. Further clinical
care and alternative therapies such as new targeted modalities, theranostic agents, and/or
radiation therapies will be discussed for our
patient to prolong event-free survival on
follow-up.
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What Can We Learn from This Case?

• Serum TG is a specific and an extremely
useful tumor marker for the recurrent disease. PET/CT is an effective diagnostic
tool to accurately restage patients on follow-up. In patients with the biochemical
progression that cannot be explained by
FDG PET/CT imaging, the possibility of
brain metastases must be kept in mind.
• MRI is crucial in detecting brain metastases from DTC. MRI should be included
in the clinical workup of patients with
locally advanced tumors with poor prognostic histopathological factors, patients
with the biochemical progression that
cannot be explained by body screening
even in the absence of neurological
symptoms, and patients with neurological symptoms on follow-up.
• Treatment options for brain metastases
include surgery, RT, and high-dose
radioiodine treatment with concomitant
glucocorticoids for iodine-avid tumors.
The choice of therapy should be tailored
to each patient individually.
• Although brain metastases are associated with poor prognosis, the patient
outcome depends mostly on the progression rate of extracerebral lesions.
• Local control for brain metastases
should be provided. Careful clinical
care and individualized alternative therapies should be planned for systemic
disease control.
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Abstract

A 50-year-old female patient exhibiting
hyperthyroidism, with no known risk factors
for thyroid cancer, underwent thyroid ultrasound. Multiple thyroid nodules with different
echo patterns were detected. A fine needle
aspiration biopsy (FNAB) detected a papillary
thyroid carcinoma in the cold nodule in the
left lobe. The intraoperative evaluation determined that the central compartment lymph
nodes were enlarged, so the patient underwent
a total thyroidectomy and a bilateral central
compartment lymph node dissection.
Histopathological examination of the surgical
specimen revealed two foci of papillary thyroid carcinomas, 3 and 0.7 cm in size, in both
thyroid lobes with extra-thyroidal soft tissue
invasion and lymph node metastases
(T2N1aMx, ATA intermediate risk group). A
5550 MBq (150 mCi) I-131 dose was administered under endogenous TSH elevation.
After 6 months of radioiodine treatment
(RAT), diagnostic whole-body scintigraphy
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was performed with 185 MBq (5 mCi) I-131.
Although, there was no pathological uptake at
the thyroid bed or any site during whole-body
scintigraphy, stimulated Tg serum levels were
140 ng/ml. No pathologic lesion was detected
in the neck ultrasound. For this reason, the
patient underwent 18F-FDG PET/CT. Multiple
18
F-FDG avid lung nodules were identified
with a SUVmax of 2.7. Diagnostic computed
tomography of the thorax revealed multiple
millimetric metastatic nodules in both lungs.

52.1

Case Presentation

A 50-year-old female patient exhibiting hyperthyroidism, with no known risk factors for thyroid cancer, underwent thyroid ultrasound (USG).
Multiple thyroid nodules with different echo patterns were detected. Additionally, technetium99m pertechnetate thyroid scintigraphy was
performed to evaluate nodule activity. A fine
needle aspiration biopsy (FNAB) detected a papillary thyroid carcinoma in the cold nodule in the
left lobe. The intraoperative evaluation determined that the central compartment lymph nodes
were enlarged, so the patient underwent a total
thyroidectomy and a bilateral central compartment lymph node dissection. Histopathological
examination of the surgical specimen revealed
two foci of papillary thyroid carcinomas, 3 and
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Fig. 52.1 Transaxial fused 18F-FDG PET/CT images of the thorax

0.7 cm in size, in both thyroid lobes with extrathyroidal soft tissue invasion and lymph node
metastases (T2N1aMx, ATA intermediate risk
group). A 5550 MBq (150 mCi) I-131 dose was
administered under endogenous TSH elevation.
During treatment, serum Tg levels were measured at 117.3 ng/ml while TSH levels were
>30 mIU/l. Post-therapeutic whole-body scintigraphy demonstrated multiple foci of activity in
the thyroid bed. After 6 months of radioiodine
treatment (RAT), diagnostic whole-body scintigraphy was performed with 185 MBq (5 mCi)
I-131. Although there was no pathological uptake
in the thyroid bed or any site during whole-body
scintigraphy, stimulated Tg serum levels were
detected as 140 ng/ml. No pathological conditions were detected in the neck USG. For this reason, the patient underwent 18F-FDG PET/
CT. Multiple 18F-FDG avid lung nodules were
detected with a SUVmax of 2.7 (Fig. 52.1).
Diagnostic computed tomography (CT) of the
thorax revealed multiple millimetric metastatic
nodules in both lungs (Fig. 52.2).

52.1.1 Evaluation and the Diagnosis
The most common site of metastasis of differentiated thyroid cancer (DTC) is cervical lymph nodes
[1]. The lung is the most common site of distant
metastases [2, 3]. As such, approximately 10% of
patients develop pulmonary metastases. Although
the life expectancy of these patients is shortened,
most studies report an average survival rate
approaching 50% at both 5 and 10 years [4, 5]. The
prognostic factors in pulmonary metastasis are
tumor histology, radioiodine avidity, and patient
age. Additionally, the presence of malignant pleural effusion has been described as a negative prognostic factor [1]. Radiologically, pulmonary
metastases may be seen in micronodular or macronodular patterns [6]. Micronodular metastases
are usually observed in children, have a miliary
and diffuse reticular pattern predominating in the
lower lung fields, and are more likely to concentrate radioiodine diffusely. In contrast, macronodular pattern has lesions larger than 0.5 cm with
nodules of unequal size, is more frequent in older
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Fig. 52.2 Transaxial diagnostic CT images of the thorax

patients, and exhibits heterogeneous and/or absent
radioiodine incorporation [1]. Although they
rarely occur, it is important to assess patients for
lung metastases because they can elicit an aggressive disease state and lethal complications.

52.1.2 Management
Since lung metastases are highly avid for radioiodine, radioiodine treatment is the choice of treatment. As such, our patient received a second dose
of 7400 MBq (200 mCi) radioiodine. However,
there was no radioiodine uptake in the lungs as
determined by whole-body scintigraphy after the
second dose. Following radioiodine treatment,
the patient received a suppressive dose of LT4.
Serum Tg measurements and thorax CT were
performed periodically. Both biochemical and
radiological progressions were detected in the
second-year control. Because the lung metastases
of the patient became non-avid to radioiodine,

tyrosine kinase inhibitor treatment was initiated
for progressive disease. Tyrosine kinase inhibitors (TKI), a molecular-targeted agent, recently
have become available for treatment against
radioiodine non-avid or radioiodine-refractory
metastatic DTCs [7, 8]. As per the ATA guideline,
it is recommended that tyrosine kinase inhibitor
therapies should be considered in radioiodinerefractory DTC patients with metastatic, rapidly
progressive, symptomatic, and/or imminently
threatening disease not otherwise amenable to
local control using other approaches. However,
candidates should be thoroughly counseled on
the risks and benefits of this therapy [9].
Additionally, the NCCN Guidelines state that
lenvatinib or sorafenib should be considered for
progressive and/or symptomatic disease of
iodine-refractory metastases except for central
nervous system metastasis [10]. However, TKIs
are very expensive and have several adverse side
effects. For this reason, optimal patient selection
and management are crucial [11].
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52.2

Follow-Up and Outcome

The patient has been followed up, and it was
determined that biochemical and radiological
disease was stable after TKI treatment for
1 year.

52.2.1 The Future
Non-radioiodine avid metastatic thyroid carcinomas are a challenging patient group. Surgical
resection can be performed in the case of a limited number of metastases. In addition to tyrosine kinase inhibitors, more targeted treatments
should be developed. For example, radionuclide therapy using the Lu-177 DOTA-peptide
has been reported as an alternative option.
However, large prospective studies with a large
number of patients should be designed to reveal
the effectiveness of Lu-177 DOTA-peptide
treatment.

What Can We Learn from This Case?

• Lung metastasis is detected in approximately 10% of DTC patients.
• Tyrosine kinase inhibitors could be an
alternative in the management of radioiodine non-avid or radioiodine-refractory patients.
• Lu-177 DOTA-peptide receptor treatment would be an alternative in Ga-68
DOTA-peptide positive metastases.
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Abstract

During the follow-up of a patient with differentiated thyroid carcinoma, Tg elevation without iodine uptake on WB scan was noted. She
received an empiric dose of radioiodine to
evaluate the possible Tg production site; however, no evidence of uptake was found. PET/
CT scan showed pulmonary nodules, some of
which were FDG avid. Finally, sorafenib
treatment was initiated which is currently at
the 22nd month of the follow-up.

53.1

Case Presentation

A 45-year-old female with a history of nodular
thyroid disease suspicious for malignancy on the
left lobe was referred for surgery. Initially, she
underwent left lobectomy, isthmusectomy, and
subtotal thyroidectomy on the right side. Surgical
specimen revealed papillary carcinoma of 2 cm
on the largest dimension, with multicentric
involvement including features of both classic
and follicular variant tumor cells. Postoperative
Doppler ultrasound illustrated remnant tissue on
the right lobe and level IV lymph node measuring 20 × 10 mm with tiny calcifications and

mixed vascular pattern suspicious for metastatic
features. She underwent completion thyroidectomy and lateral lymph node dissection which
showed several metastatic lymph nodes (3/32).
She was defined as T1bN1bM0 and stage IVa
according to the AJCC/UICC TNM system as
noted in ATA guideline 2015 [1]. She received
high-dose I-131 treatment 150 mCi (5550 MBq),
while TSH was 72 μIU/mL and thyroglobulin
(Tg) 79 ng/mL. Six months later, she still had an
elevated Tg of 66.3 ng/mL without elevation of
anti-Tg antibodies. A second dose of 150 mCi
(5550 MBq) I-131 was given. Posttreatment
whole-body scan revealed a small focus of
uptake in the left neck region; no additional
focus outside neck was detected. Six months
later, diagnostic I-131 scan was obtained while
she was T4 off, Tg was 122 ng/mL, and anti-Tg
antibodies were normal. Whole-body iodine
scan performed under the restriction of iodine
intake showed no evidence of functioning thyroid or metastatic tissue. Urine excretion of
iodine was also checked to rule out artefactual
iodine suppression. Her records were discussed
in the thyroid tumor board, and a neck ultrasound and a thorax computerized tomography
(CT) or 18F-FDG PET/CT was requested to evaluate the presence of abnormal foci without
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Fig. 53.1 Transaxial CT and fusion 18F-FDG PET/CT scan show tiny nodules with the largest one (9 mm) in the right
lung with high FDG uptake (SUV max 21.9)

iodine avidity. Neck ultrasound was normal, but
thorax CT (without iv contrast) showed several
lung nodules with the largest size of 3 mm that is
too small to be characterized. Follow-up CT was
suggested to evaluate the stability over time. She
received 200 mCi (7400 MBq) iodine-131 treatment. Post-therapeutic scan was found to be
negative again. Eight months later, non-stimulated Tg level was 17 ng/mL. 18F-FDG PET/CT
scan was obtained to evaluate possible metastatic involvement. 18F-FDG PET/CT scan with
low-dose non-contrast CT demonstrated progression of lung nodules in both lungs, some of
which were FDG avid (Fig. 53.1). As there is
gradual decline but still elevated Tg production,
despite the lack of iodine avidity, a final empiric
high-dose I-131 [200 mCi (7400 MBq)] was
given. However, radioiodine was not taken up by
the small lung nodules. Six months later, Tg levels were 164 and 12 ng/mL, respectively, while
T4 off and on. So, the total cumulative RAI dose
was >600 mCi (>22.2 GBq), obtained during a
5-year period with interval of at least 6 months.
Despite slight decline in Tg levels indicating
biochemical response, progression of lung nodules on FDG PET/CT without iodine avidity was

representing that targeted therapy might be more
appropriate to control the disease. She is referred
to the oncology department, and sorafenib treatment with a dose of 400 mg twice daily was initiated. She is currently under treatment for
22 months with regular follow-up for every
3 months.

53.2

Discussion

Serum Tg level monitoring and I-131 wholebody scanning are the mainstay of long-term surveillance in patients with differentiated thyroid
carcinoma. The absence of iodine accumulation
and undetectable Tg levels indicate complete
remission of the disease. However, discordance
of these two biomarkers may be encountered in
some patients due to a variety of reasons [2].
Therefore, it is required to rule out false-positive
or false-negative Tg levels related to improper
patient preparation prior to the scan, lack of TSH
stimulation, and interference with elevated Tg
antibodies. The false-negative I-131 scan is
assumed to be due to microscopic metastatic disease smaller than scan detectability limits, loss of
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iodine trapping mechanism, and dedifferentiation. While there is no established consensus in
this particular clinical setting, some authors have
recommended the use of empiric therapy with
high-dose radioiodine [3–8]. It is noted that posttherapy scan might be of value to detect tiny metastatic deposits that are not visible with a
diagnostic I-131 WBS [5, 7]. Moreover, a therapeutic goal which can be assessed with a decline
in serum Tg levels can be possible in a considerable number of patients [7]. It has also been demonstrated that blind use of high-dose radioiodine
has much more beneficial effect in patients with
lung metastasis [5] than those with lymphatic
involvement particularly when the disease is
micrometastatic [7]. On the other hand, due to the
lack of scientific evidence obtained from randomized prospective controlled trials, further
diagnostic investigations might be indicated for
deciding for these patients [9]. FDG PET/CT
imaging is the method of choice for a high-risk
patient with rising Tg level (>10 ng/mL) and negative iodine scan [1]. PET imaging may also have
a role for prognostication of patients with rising
Tg or anti-Tg levels without corresponding
iodine uptake [10, 11]. As represented in the current case, FDG PET scan has been a powerful
tool to locate the disease, directing the patient to
therapy according to the extent of metastatic disease. Lack of iodine accumulation in lung nodules on post-therapy scan under TSH stimulation
indicated that this patient could be classified as
RAI-refractory DTC [1], and there is no further
indication of iodine treatment. As the high FDG
avidity was indicating less favorable outcome in
this scenario, a novel systemic approach with
kinase inhibitors can be recommended [1, 12–
14]. Phase III trial by Brose et al. showed that
sorafenib treatment provides an improvement in
progression-free survival and therefore might be
a new treatment choice in RAI-refractory patients
[15]. For assessing the therapeutic effect, median
thyroglobulin level was found to be decreased or
stable in this trial. In contrast to this, although
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derived from a limited number of patients,
Benekli et al. have found no correlation between
biomarkers and sorafenib efficacy in advanced
differentiated and medullary thyroid cancer [16].
So, the current scientific evidence is limited to
assess the relationship between therapeutic efficacy of sorafenib and biochemical response.
Finally, sorafenib seems to be a promising agent
in patients with advanced or iodine-refractory
differentiated thyroid carcinoma. However, due
to the high probability of side effects that may
seriously affect the quality of life, it is imperative to review all benefits and risks of this
therapy.

53.3

Follow-Up and Clinical
Course

Short term after sorafenib, she described
arthralgia symptoms, hypertension, and hand/
foot skin reactions. Antihypertensive medication was started after cardiologic counseling.
Skin reactions were suppressed well with supportive care. Additional analgesics were effective in arthralgia symptoms. However, she also
defined several attacks of diarrhea and fatigue.
The dose was decreased to 200 mg/day. When
the clinical symptoms were progressing,
sorafenib treatment was interrupted for several
days and started again. At the end of the 6th
month, FDG PET/CT scan showed, when compared to the prior scan, decrease in size of the
nodules and decreased FDG uptake indicating
therapeutic response (Fig. 53.2). Now the
patient completed 22 months of treatment.
Despite the adverse effects described above,
with short intervals of dose reduction when
needed, she is well-tolerating the treatment. For
the clinical practice, informing the patient
about the side effects and close communication
between the doctor and the patient seem to be a
key for successful management in patients
undergoing sorafenib treatment.
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Fig. 53.2 Comparison of MIP image and transaxial CT image of the thorax before (below the line) and 6 months after
sorafenib treatment (upper line) shows partial improvement in metastatic lung disease

What Can We Learn from This Case?

• In cases with abnormally elevated Tg levels
without abnormal whole-body iodine scan,
it is crucial to exclude potential reasons for
this discordance such as interaction with
anti-thyroglobulin antibodies or false-negative iodine scans due to iodine contamination or improper patient preparation. Neck

ultrasound, thorax CT, and PET/CT have
been recommended in patients with rising
serum Tg levels.
• FDG PET/CT has been mainly indicated
for those high-risk patients with elevated Tg
levels without corresponding positive
iodine uptake. It has the advantage of examining the whole body on a single session
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and may also have a prognostic importance
as high FDG uptake may be associated with
more aggressive behavior and reduced survival rate.
• Targeted therapy with tyrosine kinase
inhibitors seems to have a potential in
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Abstract

With the common use of imaging modalities
such as ultrasonography (USG), the incidence
of thyroid cancer has increased in recent years.
Most of the thyroid cancers are differentiated
thyroid cancers (DTC). In the case of DTC,
the ability of cancer cells to concentrate iodine
makes radioactive iodine (RAI) therapy possible, which is an effective treatment for
DTCs. Surgical operation and RAI treatment
give a chance to be cured for many thyroid
cancer patients. Nonetheless, resistance to
RAI treatment develops in a group of patients,
and the prognosis worsens. In RAI-refractory
(RAI-R) DTC patients, chemotherapeutic
drugs such as doxorubicin and cisplatin have
been tried, but no successful results have been
obtained. In contrast, multiple kinase inhibitors (MKIs) have provided for RAI-R patients
a new treatment option. Sorafenib and lenvatinib have been approved by the FDA for
RAI-R DTC patients, and phase studies of
other MKIs are ongoing.
In addition to offering a new opportunity
for RAI-R patients with reduced treatment
options, side effect profile creates difficulties
in clinical practice. These side effects can
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affect the patients’ quality of life. For these
reasons, treatment of MKIs should be considered in significantly symptomatic patients
with rapid progression rather than those with
minimal progression or stable, symptom-free
patients. Treatment decision should be made
by considering patient-based profit-loss rates.
Case 1 Sixty five-year-old male patient, due to
the result of a biopsy taken from thyroid nodule
showing suspicious for papillary thyroid cancer
and suspicious lymph nodes being observed in his
neck, underwent a total thyroidectomy and bilateral neck dissection operation. The pathology
results showed multifocal classic type papillary
thyroid cancer in the thyroid gland, 2 cm in a
diameter, showing thyroid capsule invasion, and
12/24 + metastatic lymph nodes in right-left and
upper mediastinal lymphatic stations. The
patient’s blood panel results upon first application
were TSH, 78 uIU/ml; Tg, 286 pg/ml; and antiTg, 1.6 ng/dl; ultrasonography (USG) and 18-fluorodeoxyglucose
positron
emission
tomography-computed tomography (18-FDG
PET/CT) imaging were requested for the patient.
In USG and FDG PET/CT imaging, mass lesions
in both retropharyngeal areas that suggested invasion to thyroid cartilage and metastatic lymph
nodes in the right posterior cervical lymphatic
chain were observed. Upon consultation with surgery, the patient was deemed inoperable. Four
cycles of radioiodine (RAI) therapy (cumulated
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activity of 27.75 GBq) were administered between
October 2010 and November 2012, and in his
131I-whole-body scintigraphy (WBS) after last
treatment, no activity retention was observed in
metastatic lesions. Patient’s Tg progression was
also tracked, and in the new FDG-PET/CT scan,
response was observed in some of the existing
lesions and progression in others. He was referred
to oncology to be evaluated for sorafenib treatment. Having been found suitable for treatment,
sorafenib was applied to the patient for 3 months.
In the follow-up FDG PET scan after 3 months of
sorafenib treatment, lesions in the retropharyngeal region seemed stable, and partial response
was observed in the lymph node present in the
right cervical lymphatic chain (Fig. 54.1). But
because the patient did not want to go on with the
treatment due to side effects, treatment was
terminated.
Case 2 Sixty two-year-old female patient underwent total thyroidectomy and central neck dissection operation. Pathology results showed

L. Kabasakal and O. E. Şahin

classic type papillary cancer in the thyroid gland,
2.2 cm in size, displaying multifocal widespread
thyroid capsule invasion. Postoperative blood
panel showed TSH, 100 uIU/ml; Tg, 566 pg/ml;
and anti-Tg, 2.22 ng/dl; the patient was given two
cycles of radioiodine (RAI) therapy (cumulated
activity of 14.8 GBq) between February 2011
and August 2011. In the 131I-WBS after the last
treatment, high uptake was observed in the thyroid area. In 6-month check-up, upon Tg progression being observed, FDG-PET/CT scan was
requested, which showed mass lesion in the right
thyroid lobe with the invasion of the trachea and
paratracheal metastatic lymph nodes. Upon consulting with endocrine surgeons, the decision was
made to operate including partial tracheal resection. In postsurgery check-up, while TSH was
100 uIU/ml, Tg fell to a level of 4.8 pg/ml. After
the operation, the patient was given two cycles of
radioiodine (RAI) therapy (cumulated activity of
18.5 GBq) between July 2012 and February
2013, and in the 131I-WBS scan after the last
treatment, no retention was observed. The patient

a

b

Fig. 54.1 Pretreatment (row a) and posttreatment (row b) FDG PET/CT images of case 1 (PET, CT, and fusion). FDG
PET/CT performed 3 months after sorafenib treatment (b) showed partial response of metastatic lymph
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Fig. 54.2 Pretreatment (row a) and posttreatment (row b) FDG PET/CT images of case 2 (PET, CT, and fusion). FDG
PET/CT performed 3 months after sorafenib treatment (b) showed progression of metastatic lesions

was put under monitoring, and when Tg level
started showing progression, check-up FDGPET/CT was requested. Imaging results showed
multiple lesions consistent with the relapsemetastasis of the primary disease in the neck,
upper mediastinum, and C7 vertebrae. In
response, the patient was referred to the oncology
department to be evaluated for sorafenib treatment. Having been found suitable for treatment,
sorafenib was applied to the patient for 3 months.
In the follow-up, FDG-PET/CT scan after
3 months of sorafenib treatment, progression in
existing lesions, and newly developed bone
metastases were observed (Figs. 54.2 and 54.3).
Taking into consideration the patient’s request,
treatment was discontinued, and she was followed up with palliative treatments.

54.1

Discussion

According to data from National Cancer Institute,
thyroid cancer makes up 3.4% of all cancer cases
observed in the USA in 2017 [1]. Neck USG
imaging became more common, and with increasing prevalence of the incidentalomas detected via
other radiological imaging, the thyroid cancer
frequency has also increased. As it is commonly
known, differentiated thyroid cancers (DTC)

make up the majority of thyroid cancers. DTCs,
which include papillary and follicular thyroid
cancers, are rooted in thyrocytes and keep their
ability to express sodium iodine symporters.
Keeping the ability to concentrate iodine in DTCs
has led to the discovery of 131I radioactive iodine
(RAI) treatment and become a milestone in DTC
treatment. DTCs are known to have fairly good
prognoses. The primary approach to DTC treatment is surgical operation along with RAI treatment and TSH suppression, as suggested by
guidelines such as American Thyroid Association
(ATA) and European Association of Nuclear
Medicine (EANM) guidelines. Because of its
efficacy and success, RAI treatment, along with
surgery, is the most valuable tool in our toolbox
in managing DTC patients. Though the revised
2015 version of the ATA guideline puts forward
changes in RAI suggestions, RAI is suggested in
both postoperation period and cases of relapse, in
accordance with the risk classification [2]. On the
other hand, for patients whose surgical options
are limited and who become refractory to RAI
treatment, treatment options are severely
narrowed.
According to the ATA guideline classification,
not having retention in the 131I-WBS in the
malign-metastatic tissue after the first treatment
following the appropriate TSH stimulation and
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a

b

Fig. 54.3 Pretreatment (column a) and posttreatment (column b) FDG PET MIP images of case 2. The posttreatment
FDG PET MIP image showed progression of metastatic lesions

iodine diet, thyroid tissue losing its ability to concentrate RAI over time, observing retention in
some lesions and not in others and progressive
disease despite there being retention are described
as RAI-refractory (RAI-R) DTC [2]. Whereas
with DTCs, the disease-specific survival rate is
around 85% [3], approximately 10–15% of DTC
patients develop distant metastases, and the
10-year disease-specific survival rate falls to
about 40% [4]. This rate drops to around 10% for
metastatic RAI-refractory DTC [3]. Systemic
treatment is considered for metastatic RAI-R

DTC patients who have no chance of surgery.
Conventional chemotherapeutics like doxorubicin or cisplatin do not produce satisfactory results
in these patients, and there is not enough data
available [2]. In recent years, the disease’s relationship with gene mutations like BRAF and
RAS and genetic rearrangements like RET/PTC
and PAX8-PPAR having been determined and
overexpression of receptors like endothelial
growth factor receptor (VEGF-R), fibroblast
growth factor receptor (FGF-R), and plateletderived growth factor receptor (PDGF-R) having
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come to light have revealed multiple kinase
inhibitors (MKI) as a treatment option [5, 6].
MKIs, despite their mechanisms of action not
being completely explained yet, affect common
targets like VEGFRs, PDGFRs, FGFRs, and RET
[6]. Today sorafenib and lenvatinib have been
approved by the US Food and Drug Administration
(FDA) and European Medicine Agency in the
systemic treatment of RAI-R DTC. Apart from
that, there are studies available on various other
tyrosine kinase inhibitors.
Sorafenib was approved for use on RAI-R
DTC with a Phase III trial (DECISION study)
involving 417 people [7]. Patients who have been
accepted as progressive disease and did not previously receive MKI treatment have been accepted
into the study. The median progression-free survival (PFS) in the sorafenib group was found to
be significantly higher than that of the placebo
group (10.8 vs. 5.8 months; p: <0.0001). Hand
and foot skin reaction (HFSR) (76.3%), diarrhea
(68.6%), alopecia (67.1%), rash or desquamation
(50.2%), fatigue (49.8%), weight loss (46.9%),
and hypertension (40.6%) made up the most
common adverse effects (AEs) related to the disease. Despite most of these are at the level of
grade 1 or 2, the most common grade 3 or 4 AEs
were HFSR (20.3%), followed by hypertension
(9.7%), hypocalcemia (9.2%), weight loss
(5.8%), diarrhea (5.8%), and fatigue (5.8%) [7].
Following sorafenib, lenvatinib also received
permission for use on RAI-R DTC with a Phase
III trial (SELECT study) [8]. Patients who
showed progression in the past 13 months and
who did not receive MKI or those who only
received one regime MKI were accepted into the
study, which included a total of 392 patients. The
PFS was found to be significantly higher compared to the placebo branch (18.3 vs. 3.6 months;
p:<0.001). The rate of all AEs (of all grades)
related to the treatment was 97.3%, and the rate
of AEs of grade 3 or 4 was 75.9%. The most
common AE was hypertension (67.8%), followed by diarrhea (59.4%), decreased appetite
(50.2%), decreased weight (46.4%), and nausea
(41.0%). The AEs that required the highest rate
of dose adjustment were diarrhea (22.6%),
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hypertension (19.9%), proteinuria (18.8%), and
decreased appetite (18.0%) [8].
AEs of MKIs and their effect on quality of life
constitute the primary problem in their use in
RAI-R DTC. In our presented cases, we had to
stop the MKIs treatment because of its side
effects. Besides, despite their contribution to
PFS, their effect on overall survival (OS) is not
clear [9]. For these reasons, ATA guidelines suggest that they should be used only in metastatic,
rapidly progressive, symptomatic RAI-R DTC
cases and/or life-threatening cases with no possibility of local intervention. It states that they
can be brought to the forefront in cases that are
life-threatening in the short term and require
intervention, in cases of symptomatic patients to
whom direct treatment cannot be applied or in
cases of diffuse disease progression and are
avoided in cases of active or recent intestinal disease, poorly controlled hypertension, liver disease, recent cardiovascular event, comorbidities,
etc. [2]. It also states that asymptomatic, stable,
or minimally progressive patients, those whose
possibility of rapid progression is low, who do
not have clinically important complications and
direct treatment indications can be followed
under TSH suppression with radiological imaging, in 3- to 12-month intervals [2].
MKI treatment has created a new treatment
option for RAI-R DTC where treatment options
are severely limited. Taking into consideration
the suggestions and discoveries about these treatments, it’s understood that the decision to use
MKI treatment must be made carefully. Careful
patient choice plays a key role in successful treatment. The patient must especially be thoroughly
informed of the side effect that may occur during
treatment; this can prevent motivation loss during
treatment and will significantly improve patient
compliance. Also, having specialists closely follow patients on this matter, quickly identifying
adverse effects and early intervention will also
contribute positively to patient compliance.
Preferring fast-moving, symptomatic RAI-R
DTC patients over symptom-free, stable, or minimally progressing patients will not only be useful
for patient benefit but also for cost-effectivity.
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54.2

The Future

Phase studies or other MKIs like vandetanib,
sunitinib, pazopanib, axitinib, or dovitinib in
RAI-R DTC treatment are ongoing [10]. More
effective MKIs with fewer adverse effects will be
promising in RAI-R DTC treatment.

What Can We Learn from This Case?

• RAI treatment and surgery are the most
valuable tools for managing disease in
DTC patients.
• The survival rate in DTC patients who
became refractory to RAI treatment
diminishes significantly and causes
severe problems in disease management
in patients who lose the chance of
operation.
• MKI treatment has created a treatment
option for RAI-R DTC patients.
• Adverse effect profile constitutes the
most important difficulty in using MKI
treatment. Therefore, the decision to use
this treatment must be made carefully,
taking into consideration the profit and
loss relation.
• Taking the adverse effect profile into
consideration, using MKI treatment on
symptomatic and rapidly progressing
patients instead of symptom-free, stable, or minimally progressing ones
would be more appropriate.
• Before treatment, thoroughly clarifying
possible adverse effects for the patient
and following them up with physicians
experienced in this matter are essential
elements that will improve patient
compliance.
• MKI treatment in RAI-R DTC patients
is a treatment option that can be efficient
with the right choice of patient and right
timing.
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Thyroid Follicular Carcinoma
with Iodine-Avid Bone Metastases
Showing Mild Uptake on Both
18
F-FDG and 68Ga-DOTATOC PET/CT
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Abstract

Differentiated thyroid carcinoma (DTC) is
usually characterized by good prognosis.
Radioiodine scan is the first-line diagnostic
tool to detect the metastatic disease. In patients
with high Tg levels suggesting metastatic disease when radioiodine scan is negative,
18
F-fluorodeoxyglucose positron emission
tomography/computerized tomography (FDG
PET/CT) is reported to be effective in defining
the metastatic foci. Another imaging modality
is somatostatin receptor imaging with PET/
CT which can be used especially when 18FFDG PET/CT is nondiagnostic. Peptide receptor radionuclide therapy with β-emitting
radionuclides may be considered when somatostatin positivity is defined in metastatic
lesions. In this case report, a patient with DTC
having radioiodine-positive bone metastases
showing mild uptake in 18F-FDG PET/CT and
68
Ga-DOTATOC PET/CT is presented.

55.1

Case Presentation

A 45-year-old man presenting with low back pain
had undergone a lumbar magnetic resonance
imaging (MRI) revealing a destructive lesion in
T. F. Çermik · N. Ergül (*)
University of Health Sciences, İstanbul Training and
Research Hospital, Clinic of Nuclear Medicine,
Istanbul, Turkey

the L2 vertebral body. A 18F-fluorodeoxyglucose
positron emission tomography/computerized
tomography (FDG PET/CT) examination showed
high uptake in the vertebral lesion
(SUVmax = 8.1) and also a nodular lesion in the
left lobe of the thyroid gland with intense uptake
(SUVmax = 23.2) (Fig. 55.1). The histopathological examination of the vertebral lesion was
consistent with metastasis of thyroid carcinoma.
Bilateral total thyroidectomy was performed, and
the tumoral lesion in the left lobe measuring
approximately 3.8 × 3.5 cm was excised with the
diagnosis of follicular carcinoma stage IVc
according to the AJCC/TNM VIII system with
tumoral capsule invasion and vascular invasion.
No metastatic lymph node was excised. The thyroglobulin (Tg) level was 10,527 ng/ml. The
patient was treated with 200 mCi I-131 radioiodine therapy. The whole-body scan after therapy
revealed some residual thyroid tissue in the thyroidectomy region and also high uptake areas in
right upper ribs, lumbar vertebral region, some
thoracic vertebrae, and proximal right femur consistent with bone metastases (Fig. 55.2). A control FDG PET/CT scan after 1 month of therapy
showed a moderate uptake in the right first rib
(SUVmax = 3.5) and low residual uptake in the
L2 vertebra (Fig. 55.3). A 68Ga-DOTATOC PET/
CT scan was performed to see the option of
Lu-177 DOTATOC therapy. There was a low
level of somatostatin receptor activity in the right
first rib and L2 vertebra (Fig. 55.4). Tg level was
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Fig. 55.1 18F-FDG PET/CT scan before thyroidectomy. Intense uptake in left lobe of thyroid gland. Lytic hypermetabolic lesion in L2 vertebral body

2764 ng/ml after 6 months of therapy, and the
second cure of radioiodine therapy with 200 mCi
I-131 was administered. The whole-body scan
after therapy showed reduced uptake in the right
first rib and lumbar vertebra (Fig. 55.5).

55.2

Discussion

Differentiated thyroid carcinoma (DTC), often
referred for papillary and follicular types, is usually characterized by good prognosis with a
10-year survival rate of 80% [1]. The standard
therapy for DTC and medullary thyroid carcinoma is total or near-total thyroidectomy often
followed by ablation of remnant thyroid tissue
with I-131 in DTC. The common distant metastasis sites of DTC are lungs, bones, and brain. In
the management of initial therapy and follow-up
period, measurement of serum Tg levels, ultrasonography (USG) of the neck, and I-131 or I-123
whole-body scintigraphy are used in order to
detect the lymphoid or distant metastases. In
patients with elevated serum Tg levels and negative radioiodine scan, 18F-FDG PET or PET/CT
has been reported to be sensitive for detecting the
metastatic sites. In a study comparing the efficacy of I-131 whole-body scan with 18F-FDG
PET/CT, it was reported that for organ-basis

analysis, radioiodine scan was the best detector
for lymph node metastasis (72.4%), while PET/
CT was superior to I-131 scintigraphy for detecting metastasis of the bone (85.7% vs. 71.4%) and
lung (94.1% vs. 62.7%) [2].
Since the bones are the second common site of
metastases from DTC, 99mTc-MDP bone scintigraphy has also been used widely in both staging and follow-up. In a study comparing the
18
F-FDG PET and bone scan, the specificity and
the overall accuracy of 18F-FDG PET for the
diagnosis of bone metastases in patients with
DTC were found to be higher than those of
99mTc-bone scintigraphy with a lower incidence
of false-positive results [1]. In another study,
both I-131 SPECT/CT and 18F-FDG PET/CT
were found to be superior to 99mTc-MDP bone
scintigraphy for the detection of bone metastases
from DTC, and 18F-FDG positivity was the factor
predicting a poor prognosis. It was concluded
that (99m)Tc-MDP bone scan might be completely replaced by I-131 SPECT/CT in combination with 18F-FDG PET/CT in the management
of DTC patients with bone metastases [3].
In metastatic patients at initial staging or in
follow-up, repeated therapy with high doses of
radioiodine is recommended as long as the metastases are iodine-avid in whole-body scan. In ATA
2015 guideline, it was reported that radioiodine
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Fig. 55.2 Whole-body scan after 200 mCi radioiodine
therapy; intense uptake in right upper ribs, lower dorsal
and lumbar vertebral region, and proximal right thigh consistent with bone metastases. There is also some residual
activity in thyroidectomy region

therapy for patients with bone metastases is
rarely curative, but some patients with iodineavid bone metastases may benefit from this therapy. For these patients, directed therapies like
surgery and external beam radiation therapy and
systemic therapy with bone-directed agents
should also be considered [4]. However, the
dedifferentiation process of the tumor in 20–30%
of patients causes the unsuccessful results of
radioiodine therapy [5]. In this group of patients
that carries a poor prognosis, different targeted
therapeutic options are needed. In iodine-nega-
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tive, 18F-FDG-positive metastatic disease, treatment with chemotherapeutic agents or tyrosine
kinase inhibitors that was reported to be associated with poor responses and life-threatening
toxicity may be considered.
The somatostatin receptor (SSTR) status of
DTC has been investigated in several studies up
to date. In a retrospective study with 237 patients
with
incidental
thyroid
uptake
on
68
Ga-DOTATATE PET/CT, 26 (11%) patients had
atypical thyroid uptake. Fourteen (54%) of them
had focal uptake, and 12 (46%) had diffuse
uptake. Of the 14 patients, 3 (21%) were found to
have papillary thyroid cancer. The 12 patients
with diffusely increased uptake were diagnosed
with hypothyroidism, chronic lymphocytic thyroiditis, and nontoxic multinodular goiter [6].
68
Ga-DOTATATE was reported to have a higher
lesion uptake in DTC patients and may have a
potential advantage over 68Ga-DOTANOC [7].
Non-iodine-avid metastatic lesions of DTC
may have SSTR binding potential. The evaluation of SSTR expression of DTC cells with
either SPECT or PET using different somatostatin analogs labeled with radionuclides may raise
the possibility of therapy with β-emitting radionuclides. It was reported that in metastatic
radioiodine-avid DTC, both 18F-FDG and
68
Ga-DOTATOC PET show a low rate of lesion
visualization and comparable results, whereas
in non-iodine-avid patients, FDG PET has much
higher
lesion
detection
rates
than
68
Ga-DOTATOC PET [8]. In another study comparing different somatostatin analogs labeled
with 68Ga and 18F-FDG PET in metastases of
DTC, FDG PET was positive in 88% of patients,
while 68Ga-DOTA-LAN PET was positive in
only 35% and 68Ga-DOTATOC in 29%, reflecting the process of dedifferentiation from loss of
iodine trapping to loss of SSTR with a concomitant increase in glucose metabolism and more
aggressive behavior of the disease [5]. In our
patient, we observed high uptake of radioiodine
in metastatic bone lesions while there was a
mild uptake in both 18F-FDG and 68Ga-DOTATOC
PET/CT in metastases, revealing a good differentiation of thyroid cells and a chance of therapy with radioiodine.
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Fig. 55.3

Fig. 55.4

F-FDG PET/CT scan after 1 month of therapy. Mild uptake in right first rib and L2 vertebral body

18

Ga-DOTATOC PET/CT. Mild uptake in right first rib and L2 vertebral body

68

In many recent studies, the possible contribution of SSTR imaging in DTC for evaluation of
peptide receptor radionuclide therapy (PRRT) has
been reported [9–12]. In a study investigating the
role of 68Ga-DOTATATE PET/CT in non-iodineconcentrating DTC, it was shown that in patients
having intense SSTR-expressing tumor serum,
chromogranin A levels were elevated suggesting a

possible neuroendocrine differentiation [9]. Tumor
heterogeneity is reported to be a predictor of
response to PRRT, and textural parameters are recommended to assess the patient selection rather
than SUV measurements [10]. In radioiodine-negative and FDG-negative patients, SSTR imaging
with PET/CT is suggested to be beneficial for
assessment of therapy with PRRT [11, 12].
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decreased gradually to 67.8 ng/ml. A third cure of
200 mCi I-131 was planned because of a still
high Tg level.
What Can We Learn from This Case?

• In DTC patients, radioiodine scintigraphy should take place in first-line diagnostic tool for initial staging and
management of the disease. 18F-FDG
PET or SSTR imaging should be considered in case of a radioiodine-negative
disease.
• In well-differentiated disease, the tumor
cells may not express somatostatin
receptors even in FDG-negative
condition.
• Radioiodine therapy is the preferred
therapy in metastatic patients as long as
iodine uptake is present in lesions.
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Fig. 55.5 Whole-body scan after second cure of 200 mCi
radioiodine therapy. High uptake in right upper ribs and
L2 vertebra
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Follow-Up and Outcome

Three months after the second cure of radioiodine therapy, Tg level decreased from 2764 to
123 ng/ml. In 6-month follow-up period, Tg level
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Somatostatin Receptor Imaging
in Differentiated Thyroid Cancer
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Abstract

Most of the thyroid cancers consist of differentiated thyroid cancers (DTCs). Generally
having a good prognosis, with the surgery and
radioactive iodine (RAI) treatment in selected
patients, a good outcome can be obtained. In
contrast, some DTC patients are resistant to
RAI (RAI-R). Treatment options for RAI-R
patients are restricted. On the other hand, local
limited RAI-R DTC patients have a chance of
surgical operation and external radiotherapy.
In addition, early detection of lesions and initial surgery are critical points in the management of the disease. FDG-PET imaging is a
modality used in high-risk patients with elevated Tg. However, FDG-PET imaging in
some patients may fail to detect the lesion.
The monitoring of somatostatin receptor
(SSTR) expression in DTC cells allows the use
of somatostatin receptor scintigraphy in DTC
patients. Somatostatin receptor scintigraphy
demonstrated to be positive in FDG-negative
DTC patients provided an effective imaging
method for lesion detection in those patients.
In addition, patients with positive Tc-99mlabeled somatostatin receptor imaging have an
operative chance with an intraoperative gamma
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probe. This modality increases the chances of
success in patients with a history of multiple
operations. Also in patients with positive
somatostatin receptor scintigraphy, Lu-177labeled or Y-90-labeled somatostatin analogs
constitute a new treatment option.

56.1

Case Presentations

Case A 69-year-old male patient with a history
of subtotal thyroidectomy due to multinodular
goiter in 1998 has been examined. He did not
have the pathology report of this operation. After
a complementary thyroidectomy operation and
bilateral neck dissection in 2013, the patient’s
pathological inspection resulted as compatible
with an extensive invasive follicular carcinoma.
The obtained levels in first blood control were
82 μIU/ml for TSH, 1.53 ng/ml for Tg and
10 IU/ ml for anti-Tg, the patient has been given
a 100 mCi (3.7 GBq) radioactive iodine (RAI)
treatment. In the posttreatment checkup, TSH
result was 100 μIU/ml, and Tg was 0.1 ng/ml.
Also, I-131 diagnostic whole-body scintigraphy
(DxWBS) showed no pathological uptake, so
he’s been followed under TSH suppression. After
3 years of uneventful monitoring, a progression
has been determined in the patient’s Tg values,
and a 50 mCi (9.25 GBq) RAI treatment has been
performed. Posttreatment, no retention has been
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a

b

Fig. 56.1 68Ga-DOTATE PET/CT (row a) and 99mTc
HYNIC-TATE SPECT/CT (row b) images of patient
(PET/SPECT, CT, and fusion). Axial PET/CT and

SPECT/CT images showed focal intense uptake in the
right side of thyroid bed and lower uptake in in the left
side of thyroid

observed in the I-131 whole-body scintigraphy
(WBS) study. With the Tg progression ongoing
and no suspicious lymph node determined in the
neck USG, an FDG-PET/CT imaging was asked
of the patient.
In the FDG-PET/CT imaging, two lesions in
the neck consistent with the relapsed disease were
detected. Afterward, a Ga-68 DOTA-TATE PET/
CT imaging was asked of the patient, in which
increased activity retention was observed consistent with the lesions observed in the FDG-PET/
CT imaging (Fig. 56.1a). The decision was made
to evaluate the patient in council with endocrine
surgeons. Endocrine surgeons stated that because
it would be the patient’s third surgery, difficulty
and the risk of complication would increase. In
the somatostatin receptor scintigraphy, activity
retention in the lesions has been observed, and the
decision was made to conduct Tc-99m-HYNICTATE workup and, in the case of lesion positivity,
to operate with the help of intraoperative gamma

probe to increase the chance of success. In the
Tc-99m-HYNIC-TATE scintigraphy, a lower density of activity retention has been observed than
the Ga-68 DOTA-TATE PET/CT imaging, but it
was still at a significant level. In response, the
decision to operate with intraoperative gamma
probe has been made. 5 mCi (185 MBq) 99mTc
HYNIC-TATE has been intravenously injected
into the patient on the morning of the operation.
1 h after the injection, local imaging has been
taken from the neck area (Fig. 56.1b). Once it was
confirmed that lesions displayed retention, the
operation was immediately carried out.

56.2

Discussion

Differentiated thyroid cancer (DTC) makes up
most of the thyroid cancers. DTC, which saw its
diagnosis rate go up with the spread of radiologic
imaging, generally has an excellent prognosis.
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With appropriate surgery and, where necessary,
RAI treatment and TSH suppression, most cases
of DTC can be controlled. Maintaining the ability
to concentrate iodine has made it possible to
apply RAI treatment to DTC patients and has
become the turning point in the treatment of the
disease. Also, keeping the ability to synthesize
thyroglobulin (Tg) in DTCs has made it possible
to use serum Tg evaluation in following up and
diagnosis. Regular neck USG workups and serum
Tg evaluations are the basic components of the
follow-up of the disease. Metastasis has been
observed in approximately 10–15% of DTC
patients, most frequently to lungs, and one-third
of these patients lose their ability to concentrate
iodine and become refractory to RAI treatment
[1]. The disappearance of the RAI treatment
option in radioiodine-refractory (RAI-R) DTC
patients severely reduces the treatment options.
Also, in DTCs that lose differentiation over time,
the ability to synthesize Tg deteriorates and loses
its importance in the follow-up. Although tyrosine kinase inhibitor treatment used in RAI-R
DTCs has been proven to lengthen progressionfree survival (PFS), no cure has been established,
and the side effect profile makes the drug more
difficult to use [2]. Systemic chemotherapies are
also known not to produce satisfactory results.
Instead, in RAI-R DTC patients with locally limited metastases, there is a chance of treatment
with a surgical operation or external radiotherapy. Therefore, early detection and correctly
localizing the tumor make up the most crucial
aspect of disease management.
American Thyroid Association (ATA) guideline suggests FDG-PET/CT imaging for highrisk patients with elevated Tg values (usually
>10 ng/ml) and negative RAI imaging. Also, it’s
been noticed that observing positivity in FDGPET is a negative predictive factor in the RAI
response [3]. On the other hand, it’s also known
that in some patients, FDG-PET/CT imaging
fails in lesion detection. It’s been observed that in
DTCs, somatostatin receptor expression is displayed [4]. This, in turn, made it possible to use
somatostatin analogs in lesion detection in DTC
patients. Indium-111 labeled octreotide was first
used for this purpose [5]. The 99mTc-labeled
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somatostatin analogs produced later provided
more efficient imaging with advantages that
99mTc provided on gamma camera. Ga-68labeled somatostatin receptor (SSTR) analogs
(DOTATOC-, DOTANOC-, DOTA-TATE-) produced in recent years have further improved the
imaging quality. In studies comparing SSTR
PET/CT with F-18 FDG-PET/CT, the latter has
been found to be more sensitive in identifying
lesions in DTC patients. On the other hand, these
studies show that some lesions can only be
detected with SSTR PET/CT [6–9]. A relationship with criteria like imaging success and Tg
value has not been clearly identified. Extensive
and more detailed studies need to be carried out
on this subject. On the other hand, somatostatin
receptor imaging can be beneficial in patient
managing, who has negative I-131WBS and
FDG-PET/CT imaging [9].
For metastatic RAI-R DTC patients who have
no chance of local treatment, treatment options
are extremely limited. Systemic chemotherapeutics are known to be ineffective. In recent years,
tyrosine kinase inhibitors (TKIs) used in systemic treatment of RAI-R DTC patients have
been proven to contribute to progression-free survival (PFS) and formed an encouraging treatment
option. However, the high side effect profile of
these drugs causes difficulties in their use. The
fact that somatostatin receptor (SSTR) analogs
(DOTATOC-, DOTANOC-, DOTA-TATE-)
developed for lesion detection in DTC patients
can link with radionuclides like Lu-177 and Y-90
used in treatment has provided a new treatment
option to RAI-R DTC patients [10]. Lesions that
display significant retention in SSTR PET/CT
imaging are candidates for peptide receptor
radionuclide therapy (PRRT). In this regard, also,
somatostatin receptor imaging contributes to
DTC patient management.
Despite DTC patients having very good prognoses, the relapse rate is 5–30%. Each operation
makes the next operation more difficult due to
scarring, fibrosis development, and anatomical
changes and increases the risk of complications
secondary to the operation [11]. Reoperations with
gamma probe provide a more minimal invasive
attempt and the chance of a more target-specific
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intervention, providing fewer complications and
more successful results [12, 13]. 99mTc-labeled
somatostatin receptor imaging, along with lesion
detection, also provides opportunity to operate
with intraoperative gamma probe. This, in turn,
increases the rate of success, especially in patients
who previously had operations, and reduces complications related to the operation. In our case, it
provided a target-specific and minimally invasive
attempt to our patient who had metastatic lymph
nodes and was having his third operation. This led
to a successful operation by removing all metastatic lesions correctly from the patient, for whom
lesion detection was more difficult due to his
changed anatomy from the scar and fibrosis of the
previous operation, and provided a complicationfree operation in the case where, for the same reasons, the risk of complications was higher.

56.3

Follow-Up and Outcome

The patient who was operated on with gamma
probe due to relapse had his third operation in
total with no complications. The results for two
mass materials removed in the operation came
back consistent with follicular thyroid cancer
infiltration. In the blood panel for control purposes, TSH: 80 μIU/ml and Tg: <2 ng/ml, the
patient was put under observation, under TSH
suppression.

56.4

Future

Prostate-specific membrane antigen (PSMA) is a
transmembrane protein whose expression
increases in prostate cancer. It’s observed that
PSMA molecule’s expression, related to neovascularization, displays an increase in some other
cancer types as well. In some case reports, activity retentions are observed in DTC’s Ga-68
PSMA PET/CT imaging [14, 15]. Ga-68 PSMA
PET/CT can provide a new and efficient imaging
method, especially in high-risk RAI-R DTC
patients whose FDG and SSTR-PET/CT imaging
don’t show lesion. Several more detailed studies
are needed on this subject.

What Can We Learn from This Case?

• In metastatic RAI-R DTC patients who
developed distant metastasis, treatment
options are severely limited. In DTC
patients who have the chance of operation or external RT in limited local disease, it’s crucial that the lesion is
detected early and correctly.
• For RAI-R DTC patients, FDG-PET/CT
is an effective imaging method both in
lesion detection and in giving an idea in
terms of prognosis.
• In I-131 whole-body scan-negative,
FDG-PET/CT-negative DTC patients,
somatostatin receptor scintigraphy has
created a new imaging modality.
• Lesions that go undetected in FDGPET/CT can be detected in the somatostatin receptor imaging, which
contributes to disease management.
• Besides, the fact that somatostatin
receptor analogs can be labeled with
radionuclides like Lu-177 and Y-90 used
in treatment creates a new treatment
alternative for metastatic RAI-R DTC
patients who display activity retention
in somatostatin receptor imaging
• Observing lesion positivity in 99mTclabeled somatostatin receptor scintigraphy, especially in DTC patients with a
history of operations, creates an opportunity to operate with intraoperative
gamma probe. This, in turn, increases
the chance of success for the operation
and reduces the rate of complications.
• Ga-68 PSMA PET/CT, an effective imaging method in prostate cancer, shows
promise in thyroid cancer imaging.
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Abstract

Anaplastic thyroid carcinoma (ATC) is a relatively uncommon highly malignant tumor
originating from the follicular cells of the thyroid gland having a poor prognosis. It accounts
for 2–5% of all thyroid carcinomas, and
patients typically present with a rapidly growing anterior neck mass with aggressive symptoms. A 66-year-old male presented with
dyspnea, neck pain, and voice changes.
Ultrasonographic neck examination demonstrated an enlarged thyroid gland and substernal extension of the right thyroid lobe. Fine
needle aspiration (FNA) from the thyroid nodule biopsy showed benign cytology. Because
of symptomatic disease and radiologic malignancy doubt, operation has been done.
Histopathologic examination with frozen section demonstrated anaplastic thyroid carcinoma. After total thyroidectomy, the patient is
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discharged. The patient died 20 days after the
start of systemic treatment because of septic
multiorgan failure derived from bronchopneumonic lung infection. In the evaluation of sudden growing neck masses in elderly patients,
anaplastic thyroid cancer should be considered as a differential diagnosis, even if the
needle biopsy is normal.

57.1

Case Presentation

A 66-year-old male patient was admitted to our
clinic with 2 months history of dyspnea, neck
pain, and voice changes. He had no operation and
medical disorder in history. On physical examination, 5 cm diameter solid mass at the right neck
was palpated and no palpable lymph node was
determined. Laboratory examinations were within
the normal ranges. Ultrasonographic neck examination demonstrated an enlarged thyroid gland
and substernal extension of the right thyroid lobe.
Thyroid fine needle aspiration biopsy showed
benign colloidal goiter. To show tracheal pressure
and margin of substernal mass, magnetic resonance imaging (MRI) was obtained (Fig. 57.1).
There was a clear need for surgical intervention
because of symptomatic disease. After preparation under general anesthesia with semi-fowler
position, Kocher incision was made. In the course
of intraoperative neck exploration, the strap muscle and trachea adhesions derived from the right
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Fig. 57.1 MRI images of the neck, axial section (a), coronal section (b)

a

b

Fig. 57.2 H&E staining (×400) (a), immune-staining with thyroglobulin (×400) (b)

thyroid mass were determined. Histopathologic
examination with frozen section demonstrated
anaplastic thyroid carcinoma (ATC). Total thyroidectomy and partial strap muscles excision
were performed. Histologic examination revealed
anaplastic thyroid cancer with hyperchromatic,
pleomorphic, atypical cells with narrow cytoplasm. Right lobe was 8 × 5 × 4 cm and left lobe
was 5 × 3 × 2 cm diameter. The tumor was 5 cm

diameter in the right lobe and showing invasion
to thyroid capsule and adjacent structures.
Lymphadenectomy was not performed because
of no survival benefit for R1 resection. There
were marked mitotic activity and necrosis. The
immune-staining analysis was positive for TTF1,
galectin, and thyroglobulin and negative for calcitonin, CK-19, HBME-1, chromogranin, and
CEA (Fig. 57.2). According to TNM Staging

57 Anaplastic Thyroid Carcinoma

(7th ed., 2010) and the American Joint Committee
on Cancer (AJCC) system, he was staged as pathological T4a N1b (stage IVA) and R1 indicating
microscopic residual tumor cells. Thyroxine
replacement therapy was started postoperatively.
In the Endocrine Committee, combined chemoradiotherapy was planned for the patient.

57.2

Discussion

ATC is one of the most aggressive forms of cancer seen in humans. In marked contrast to differentiated thyroid cancers, anaplastic cancers are
extremely aggressive, with disease-specific mortality approaching 100%. Despite a decrease in
its incidence worldwide, it still accounts for
14–50% of mortality from thyroid cancer [1]. In
an American and German prospective study
which included 5583 cases of thyroid carcinoma,
67% of patients with ATC were over 70 years of
age. In that study, females constituted 70% and
males 30% of ATC patients [2]. In many series,
patients were elderly women with a female to
male ratio of 3:1 [3]. ATC is more common in
areas with endemic goiter and low socioeconomic status. An overall analysis of 1771 published cases of ATC patients revealed median
patient survival duration of only 5 months and a
median 1-year survival rate of 20% [4]. Extensive
local invasion and lymph node metastasis of the
tumor with distant metastasis to lungs, bones,
and other parts of the body are commonly seen at
the diagnosis of ATC, leaving the disease incurable and deadly at the early stage after the diagnosis. Some experts have concluded that patients
undergoing radical resection with negative margins have no survival benefit over those with
positive microscopic or macroscopic margins [5].
Other authors have shown that complete resection is a positive prognostic factor [6].

57.3

Evaluation and Diagnosis

Most patients with ATC present with a rapidly
enlarging neck mass. Clinicians should carry a
high index of suspicion for ATC in all elderly
patients with a symptomatic or rapidly enlarging
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neck mass. ATCs are generally large and cause
local symptoms from their mass effect, including
a sensation of pressure, dysphagia, and dysphonia. They also frequently cause respiratory problems because of their large size, including
tracheal obstruction or recurrent or vagal nerve
dysfunction.
The diagnosis of ATC is usually established
by cytologic examination of cells obtained by
fine needle aspiration biopsy or of tissue
obtained by large needle or surgical biopsy.
Large needle or surgical biopsy is typically performed when the fine needle aspiration shows
necrotic or inflamed tissue without a specific
diagnosis. Careful examination of aspirates by
an experienced cytologist can correctly diagnose ATC in 84–90% of cases [7]. ATC can
mimic the other malignancies that have significantly different treatments and prognoses.
Evaluation of the biopsy material should include
routine light microscopy and analysis with
immunohistochemistry. Immune-staining is
necessary to distinguish from the other malignancies such as melanoma, sarcoma, lymphoma,
and medullary thyroid cancer. Macroscopically,
ATC has a pale, white, or tan appearance on sectioning and is firm or hard on palpation.
Extracapsular invasion of the tumor into surrounding structures is also commonly observed
[8]. These tumors have mixed morphology.
Most common mixed morphologic type is
biphasic spindle and giant cell tumor [9]. ATC
contains few if any cells that stain positively for
thyroglobulin unlike more differentiated forms
of thyroid cancer. Stains for keratin and vimentin are positive in up to 80 and 93% of cases,
respectively, and confirm an epithelial origin of
the tumor. Unlike differentiated thyroid cancer,
ATC cells are much less likely to stain positive
for thyroid transcription factor1 (TTF1) or
PAX8 and do not stain positive for thyroglobulin in the anaplastic component of the tumor [9].
After FNA results, computed tomography
(CT) and magnetic resonance imaging (MRI) of
the neck can characterize the extent of locoregional disease and the presence of invasion into
the esophagus, trachea, and soft tissues. Thyroid
function tests (free T4 and TSH), complete blood
count, electrolytes, blood urea nitrogen (BUN),
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creatinine, glucose, and liver function tests are
measured. Calcium and phosphorus are measured
to assess for hypercalcemia of malignancy or
hypocalcemia due to compromise of the parathyroid glands secondary to invading ATC [9]. The
evaluation should include direct laryngoscopy to
determine if the tracheal invasion exists and to
evaluate for vocal cord dysfunction from possible
invasion of the recurrent laryngeal nerve.
Esophagoscopy with or without endoscopic
ultrasonography can evaluate for esophageal
invasion. Although positron emission tomography (PET) may demonstrate increased [18F]2fluoro-2-deoxyglucose (FDG) avidity from the
primary site and distant metastases, not all ATCs
are FDG avid [10].

57.4

Management

There is a nonuniform consensus about the standard treatment approach of ATC due to the very
low incidence. American Thyroid Association
(ATA) guidelines recommend that patients with
stage IVA and IVB ATC be considered for radical
surgical resection if gross negative margins (R0/
R1) can be achieved with minimal morbidity and
should not be attempted if there is a high chance
of an incomplete resection (R2) [11]. Surgery
aims to obtain a complete macroscopic resection,
with microscopically clear resection margins. For
intrathyroidal or local advanced disease, the surgical resection is recommended. After the intervention,
combined
chemotherapy
and
radiotherapy are given [12]. For patients who
present with the locally advanced inoperable disease, combined chemotherapy and radiotherapy
are recommended. Surgical resection of the
residual tumor could be considered if the disease
is responsive [12]. In patients with metastatic disease, palliative resection may be necessary for
the treatment of tracheal or esophageal obstruction. In a randomized study of the Eastern
Cooperative Oncology Group, Shimaoka et al.
observed that combination chemotherapy based
on doxorubicin and cisplatin was more effective
than doxorubicin alone and provided a higher

complete response rate [13]. In a prospective
phase II clinical trial of paclitaxel, a remarkable
response rate of 53% was obtained [14]. Hyman
et al. demonstrated a 29% response rate in
patients with BRAF mutant anaplastic thyroid
cancer who were treated with the BRAF inhibitor, vemurafenib [15].
Many studies suggest that radiotherapy can
provide very good locoregional control in patients
with ATC, a disease often associated with significant local morbidity, in either the definitive or
palliative setting [16]. ATA guideline recommends that radiation therapy should be started as
soon as the patient is sufficiently recovered from
neck surgery, usually within 2–3 weeks after surgery [11]. Definitive/adjuvant treatment was recommended for patients with good performance
status and either stage IVA/IVB disease. Palliative
radiotherapy to the primary was considered in
younger patients with metastatic disease (stage
IVC) or elderly patients (>70 years) who were
predicted to have sufficiently long-life expectancy to derive benefit from radiotherapy taking
into consideration their symptoms, tempo, and
extent of disease, performance status, and comorbidities [16]. The most appropriate radiation volumes remain uncertain and require further
investigation.

57.5

Follow-Up and Outcome

After the postoperative second week, doxorubicin/cisplatin-based chemotherapy was started.
But the patient died 20 days after the start of systemic treatment because of septic multiorgan failure derived from bronchopneumonic lung
infection.
Unfortunately, the prognosis of patients with
ATC remains poor despite improvements in
diagnosis, surgical technique, and the development
of
chemoradiotherapy
protocols.
Complications of disseminated metastatic disease are frequently the cause of death and limit
survival even where effective local control can
be achieved with aggressive surgical resection
and radiotherapy.
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The Future

The molecular investigation may contribute to
treatment ATC when the targeted therapies are at
the forefront, and early diagnostic methods are
developed. By detecting genetic markers of welldifferentiated thyroid cancers, cases with predisposing findings for ATC can be identified, and
perhaps redifferentiation of the tumor can be
achieved.

6.

7.
8.

9.

What Can We Learn from This Case?

• In the evaluation of sudden growing
neck masses in elderly patients, anaplastic thyroid cancer should be considered
as a differential diagnosis, even if the
needle biopsy is normal.

References
1. Ursino S, Fiorica F, Stafenelli A, Pedriali M,
Colosimo C, Cocuzza P, et al. Anaplastic thyroid cancer: a case report of a long term survival patient and
review of literature data. Eur Rev Med Pharmacol Sci.
2014;18:1368–72.
2. Hundahl SA, Cady B, Cunningham MP, Mazzaferri
E, McKee RF, Rosai J, et al. Initial results from a prospective cohort study of 5583 cases of thyroid carcinoma treated in the United States during 1996. U.S.
and German thyroid cancer study group. An American
College of Surgeons Commission on cancer patient
care evaluation study. Cancer. 2000;89:202–17.
3. Xing JC, Bishop JA, Mathioudakis N, Agrawal
N, Tufano RP. A large nonmetastatic anaplastic
thyroid cancer with complete thyroidal confinement. Case Rep Med. 2011;2011:1–4. https://doi.
org/10.1155/2011/58397.
4. Smallridge RJ, Copland JA. Anaplastic thyroid carcinoma: pathogenesis and emerging therapies. Clin
Oncol. 2010;22:486–7.
5. Goffredo P, Thomas SM, Adam MA, Sosa JA, Roman
SA. Impact of timeliness of resection and thyroidectomy margin status on survival for patients with
anaplastic thyroid cancer: an analysis of 335 cases.

10.

11.

12.

13.

14.

15.

16.

Ann Surg Oncol. 2015;22:4166–74. https://doi.
org/10.1245/s10434-015-47472-6.
Brown RF, Ducic Y. Aggressive surgical resection of
anaplastic thyroid carcinoma may provide long-term
survival in selected patients. Otolaryngol Head Neck
Surg. 2013;148:564–71.
Us-Krasovec M, Golouh R, Auersperg M, Besic N,
Ruparcic-Oblak L. Anaplastic thyroid carcinoma in
fine needle aspirates. Acta Cytol. 1996;40:953–8.
Chambers AJ, Pasieka JL. Poorly differentiated and
undifferentiated thyroid cancer. In: Johnathan H,
William BI, Chung-Yau L, editors. Endocrine surgery principles and practice. London: Springer; 2009.
p. 121–36.
Michael Tuttle R, Sherman EJ, Cooper DS, Ross DS,
Mulder JE. Uptodate Knowledgebase. Massachusetts,
US; 2017. http://www.uptodate.com/contents/anaplastic-thyroid-cancer. Accessed Mar 2017.
Ruan DT, Clark OH. Anaplastic thyroid carcinoma,
metastases to the thyroid gland, and thyroid lymphoma. In: Morita SY, Dackiw APB, Zeiger MA,
editors. Endocrine surgery. New York: McGraw-Hill;
2010. p. 110–24.
Smallridge RC, Ain KB, Asa SL, Bible KC, Brierley
JD, Burman KD, et al. American Thyroid Association
guidelines for Management of Patients with anaplastic thyroid cancer. Thyroid. 2012;22:1104–39. https://
doi.org/10.1089/thy.2012.0302.
De Crevoisier R, Baudin E, Bachelot A, Leboulleux
S, Travagli JP, Caillou B, et al. Combined treatment of anaplastic thyroid carcinoma with surgery,
chemotherapy, and hyperfractionated accelerated
external radiotherapy. Int J Radiat Oncol Biol Phys.
2004;60:1137–43.
https://doi.org/10.1016/j.
ijrobp.2004.05.032.
Shimaoka K, Schoenfeld DA, DeWys WD, Creech RH,
DeConti R. A randomized trial of doxorubicin versus
doxorubicin plus cisplatin in patients with advanced
thyroid carcinoma. Cancer. 1985;56:2155–216.
Voigt W, Kegel T, Weiss M, Mueller T, Simon
H, Schmoll HJ, et al. Potential activity of paclitaxel, vinorelbine and gemcitabine in anaplastic thyroid carcinoma. J Cancer Res Clin Oncol.
2005;131:585–90.
https://doi.org/10.1007/
s00432-005-0673-0.
Hyman DM, Puzanov I, Subbiah V, Faris JE, Chau
I, Blay JY, et al. Vemurafenib in multiple nonmelanoma cancers with BRAF V600 mutations. N Engl
J Med. 2015;373:726–36. https://doi.org/10.1056/
NEJMoa1502309.
So K, Smith RE, Davis SR. Radiotherapy in anaplastic thyroid carcinoma: an Australian experience. J
Med Imaging Radiat Oncol. 2017;61:279–87.

The Clinical Management
of a Patient with Insular Thyroid
Carcinoma
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Gülin Uçmak and B. Büşra Demirel

Abstract

Insular carcinoma is a rare tumor that was first
described as a unique histological subtype of
thyroid cancer, in 1984. The World Health
Organization (WHO) classified insular carcinoma as a separate existence and as a larger
group of poorly differentiated thyroid carcinomas, in 2004. It was described as a thyroglobulin producing non-papillary non-follicular
thyroid carcinoma, and it possesses an intermediate behavior between well-differentiated
(papillary and follicular carcinoma) and anaplastic thyroid carcinomas with regard to both
histological features and biologic aggressiveness. Insular carcinomas represent 0.4–6.2%
of all thyroid carcinomas. Despite its rarity,
it represents the main cause of death from
non-anaplastic follicular cell-derived thyroid
cancers. Distant metastasis and lymph node
metastasis are most frequent, and moreover,
20% of patients with insular carcinoma have
distant metastasis at the time of diagnosis. In
patients with insular carcinoma, radioiodine
uptake ability of primary tumor and distant
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metastasis is more than 80%. The current
approach of management is total thyroidectomy followed by radioiodine therapy and
close follow-up. In the view of the fact that
worse prognosis, multidisciplinary approach
combining surgery, bone-directed agents,
and external radiation therapy concomitant
with radioiodine therapy may provide treatment success and significant improvement in
progression-free survival.

58.1

Case Presentation

A 55-year-old male patient was admitted to hospital with low back pain. On radiological imaging, a metastatic lesion was detected on his
lumbar vertebra. The core biopsy was consistent
with insular thyroid carcinoma metastasis. After
total thyroidectomy, he was referred to our
department for further treatment. Pathological
examination determined poorly differentiated
insular carcinoma with vascular and capsular
invasion and areas showing well differentiation
in the right lobe of the thyroid gland. At this time
thyroglobulin (Tg) level was 4968 ng/ml and
TSH level was 26 μIU/ml. On magnetic resonance imaging (MRI) which was performed after
thyroidectomy, a mass lesion approximately
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Fig. 58.1 Left column demonstrates MIP (maximal
intensity projection) image, and the right column shows
axial slices of patient’s first FDG PET/CT scan. Intense

FDG uptakes were seen in mediastinal lymph node (upper
row), lytic and destructive lesions in sternum (middle
row), and lumbar vertebra (lower row)

5 × 6 cm in diameter at L2 vertebra with intense
contrast enhancement was seen. F-18 fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) was
performed to evaluate the extent of disease. FDG
PET/CT revealed increased FDG uptake in lytic-
destructive metastatic bone lesions with soft tissue component at the sternum and L-2 vertebra
(Fig. 58.1). In addition, metastatic mediastinal
lymph nodes and lung metastasis were observed
on PET/CT.
The patient underwent surgery for his lumbar
vertebra, and the metastatic lesion at L2 vertebra
was partially resected. 30 Gy external beam radiation therapy (EBRT) was administered with palliative intent postoperatively. Following radiation
therapy, 200 mCi (7.4 GBq) radioiodine therapy
was given while serum TSH was 46 μIU/ml and
Tg was 3416 ng/ml. Recombinant TSH stimulation was not used, and TSH elevation was achieved
by thyroid hormone withdrawal prior to adjuvant
treatment as recommended by the current ATA
2015 guideline. Premedication with oral corticosteroids, antiemetics, and careful hydration was
given before radioiodine therapy. Post-therapy
whole-body scan (WBS) performed 4 days after

therapy demonstrated radioiodine uptake in thyroid bed and several uptakes related to bone
metastasis at sternum, lumbar vertebra, and focal
uptake in bilateral lung zones that may be prominently related to lung metastasis (Fig. 58.2).
On routine follow-up visits, serum Tg level
remained significantly elevated (517 ng/ml on
L-thyroxine therapy), and a second radioiodine
therapy with dose of 250 mCi (9.2 GBq) I-131
was planned. Also, bisphosphonate treatment was
started for bone metastasis. The patient was hospitalized for radioiodine therapy, and following
proper premedication procedures, 250 mCi I-131
was administered orally. Simultaneous TSH and
Tg levels were > 150 μIU/ml and 3033 ng/ml,
respectively. Although serum Tg level was slightly
decreased compared to the initial therapy, it was
considered as a biochemical response as TSH
stimulation was significantly stronger during the
last therapy (46 μIU/ml vs. >150 μIU/ml).
Besides, on posttreatment WBS, parallel to
biochemical response, we observed a significant
regression on the intensity of radioiodine uptake,
and also the size and the number of metastatic
sites. In addition, no uptake was seen in thyroid
bed (Fig. 58.2).
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Fig. 58.2 Anterior and posterior images of WBS after
initial radioiodine therapy of 200 mCi demonstrate distinct radioiodine uptake in thyroid bed, metastatic sites of
bones, and heterogeneous uptake in thorax (a). Anterior

and posterior WBS images acquired after the second
radioiodine therapy with 250 mCi demonstrate decreased
radioiodine uptake in all sites, compared to the prior treatment (b)

On follow-up, we observed that Tg levels on
L-thyroxine therapy was decreased from 517 ng/
dl to 228 ng/dl. A follow-up PET/CT study demonstrated a significant decrease in FDG uptake at
mediastinal lymph nodes, pulmonary nodules,
and bone metastasis sites (Fig. 58.3).
The clinical management of our patient was
continued with annual radioiodine treatments
that reached to a cumulative dose of 1100 mCi
(40.7 GBq) supported by careful clinical and laboratory control for bone marrow reserve.
Radioiodine uptake can still be seen in the final
post-therapy WBS.

58.2

Discussion

Insular carcinoma is a rare tumor that was first
described as a unique histological subtype of thyroid cancer by Carcangiu et al. [1]. The World
Health Organization (WHO) classified insular
carcinoma as a separate existence and as a larger
group of poorly differentiated thyroid carcinomas, in 2004 [2]. Histologically, this tumor is
characterized by partial loss of the features of
thyroid differentiation, well-defined nests (insulae) that are comprised of relatively small, uniform cells and are associated sometimes with
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Fig. 58.3 MIP image (left column) and axial slices (right column) of final FDG PET/CT scan demonstrated significant
decrease in FDG uptake of mediastinal lymph nodes and bone metastasis

small, thyroglobulin-containing follicles [3]. It
was described as a thyroglobulin producing
non-papillary non-follicular thyroid carcinoma,
consistently with high-grade features such as
invasive growth, high mitotic index, and necrosis.
It possesses an intermediate behavior between
well-differentiated (papillary and follicular carcinoma) and anaplastic thyroid carcinomas with
regard to both histologic features and biologic
aggressiveness [2].
Insular carcinomas represent 0.4–6.2% of all
thyroid carcinomas [4]. Despite its rarity, it represents the main cause of death from non-anaplastic
follicular cell-derived thyroid cancers [5], and
rates of disease-specific mortality that related to
distant metastasis and progression of disease in
the neck and/or mediastinum ranges from 9% to
75% [3, 4]. Patients with older age (>45 y), larger
tumor size, the presence of necrosis, and high
mitotic activity are factors that may influence a
more unfavorable outcome in patients with
poorly differentiated thyroid cancer [6, 7].
Besides, advanced tumor stage, extrathyroidal
extension, the presence of distant metastasis, and
the absence of radioiodine therapy administration
are associated with worse prognosis [8]. Poorly
differentiated carcinomas have significantly

worse prognosis as compared to well-
differentiated thyroid cancers. The 5-year survival rate for patients with poorly differentiated
cancer is 25.1–80.4%, and a 10-year survival is
about 50% depending on treatment and the presence of independent prognostic factors [1, 6, 9].
The frequency of lymph node metastasis range
was 50–84.6%, and distant metastasis rate was
36.4–84.6%. Distant metastases present 20% of
patients at the time of diagnosis and most commonly present in lungs and bones. However, distant spread of disease was reported in unusual
sites such as liver, skin, ovary, retroperitoneum,
and intraocular [4, 10].
Insular carcinoma has a better prognosis than
anaplastic cancers, and aggressive treatment is
beneficial for the patients. The current approach
of management is total thyroidectomy followed
by radioiodine therapy and close follow-up. In a
study of large series, it was reported that patients
who received radioactive iodine had an improved
overall survival compared to others [11]. In case
of distant metastasis, although most patients have
radioiodine uptake, some of them rapidly progress despite repeated radioiodine treatments. In
these cases, an aggressive therapeutic approach
with combined treatment modalities, which
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include high doses of radioiodine therapy, cytoreductive surgery, external radiation therapy,
chemotherapy, and targeted agents, should be

evaluated. And also bone-directed agents such as
bisphosphonates should be used for patients with
bone metastasis who are radioiodine-refractory,
either alone or concomitantly with other systemic
therapies. We considered that multidisciplinary
approach combining surgery, bone-directed
agents, and external radiation therapy concomitant with radioiodine therapy provided treatment
success and significant improvement in the quality of life for our patient.
Genetic mutations in RET, p53, and RAS are
important in many thyroid carcinomas. Mutations
in p53 and RAS were noted in insular carcinoma,
and more than 20% of poorly differentiated carcinomas showed p53 alteration [12]. Similarly,
BRAF mutations were determined in poorly differentiated thyroid carcinomas which had papillary carcinoma foci [8]. A recent study reported
that BRAF mutations have been associated with
FDG avidity in radioiodine-refractory thyroid
cancers [13]. FDG PET/CT is suggested by
guidelines, in initial staging in poorly differentiated thyroid cancers, especially those with other
evidence of disease on imaging or because of
elevated serum Tg levels [14]. Also, PET/CT is
considered as a significant prognostic tool to
determine patients at highest risk for rapid disease progression, a sensitive method to detect
surgically resectable disease for the selection of
patients who may benefit from curative surgery
select, and finally a reliable indicator of posttreatment response following therapy [14–16].
In patients with insular carcinoma, radioiodine uptake ability of primary tumor and distant
metastasis is more than 80%. The impact of
radioiodine treatment on the prognosis of patients
with insular carcinoma is not well established. It
was denoted that radioiodine therapy was effective in many patients, including those who had
metastases at the time of diagnosis. Iodine uptake
was much higher in patients who were treated
shortly after thyroidectomy compared to uptake
in patients who were treated at the time of local
recurrence or distant disease [9]. As mentioned in
our case, clear radioiodine uptake in metastatic
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deposits was observed on first post-therapy
WBS. In a recent study, a definite clinical benefit
from radioiodine therapy was observed only in
patients who did not have TSH-R gene mutation
and an unusually high radioiodine uptake [3]. It
was suggested that the radioiodine uptake is
related with efficiency of therapy response and a
significant prognostic factor for survival [3, 6],
but, some authors did not share this opinion.
They suggest that geographical differences
regarding different disease stages at the time of
radioiodine therapy and/or different timing and
dosage of radioiodine administration may reflect
the success of therapy [17]. Aggressive surgery
modalities may be suitable due to poorer prognosis and advanced clinical stage. It was shown that
wide resection is associated with low recurrence
and low mortality rates, previously [18].
In conclusion, considering the worse prognosis of insular carcinoma compared to well-
differentiated thyroid cancers, optimal initial
treatment should be determined by a multidisciplinary approach. Aggressive surgery with curative intent when available is the mainstay of
treatment. Even in patients with widespread metastatic disease, maximum cytoreduction can provide success for radioiodine treatment and may
decrease disease-specific mortality. In cases with
radioiodine avid tumors, high dose sequential
radioiodine treatments with dosimetric studies,
where applicable, should be applied concomitant
with other treatment modalities. For iodine-
refractory tumors, risk-adapted personalized
molecular targeted therapies should be considered. In the presented case, we aimed to discuss
the multidisciplinary management in a patient
with metastatic, poorly differentiated insular carcinoma, which provided a relatively long
progression-free survival.

58.3

Follow-Up

During the 5 years of follow-up, we reached a significant biochemical and anatomical therapy
response. At the time of the last follow-up, the
patient is free of symptoms, and the patient’s current Tg level is 98 ng/ml under TSH suppression.

G. Uçmak and B. B. Demirel
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What Can We Learn from This Case?

• Insular carcinoma is a rare type of thyroid carcinoma with an intermediate
behavior between well-differentiated
and anaplastic thyroid carcinomas.
• Up to 80% of patients are radioiodine
positive. The current treatment approach
is radioiodine therapy after total
thyroidectomy.
• A multidisciplinary approach combining surgery, bone-directed agents, external radiation therapy concomitant with
radioiodine therapy may provide treatment success and significant improvement in progression-free survival.
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Prophylactic and Therapeutic
Surgery in Familial Medullary
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Abstract

Medullary thyroid cancer (MTC) is a neuroendocrine malignancy, which originates from C
cells (parafollicular) of the gland. MTC is
inherited in autosomal dominant pattern in
20–25% of patients with MEN syndromes.
Familial MTC (FMTC) is the most frequent
type of MEN syndromes.
The most accepted approach for deciding
surgical treatment of the disease based on the
precise polymer mutation within the douse
factor occurring within the family and blood
serum calcitonin levels.
RET mutations may be classified as highest, high, and moderate risk, concerning the
potential risk for native and distant MTC
metastases at an early age. The advised temporal order of excision relies upon proof of
age-dependent and codon-specific progression of early MTC.
In conclusion, patients with inherited MTC
ought to experience age-suitable thyroidectomy in view of RET mutational status to
evade recurrences.
A. Sezer (*)
Department of Surgery, Trakya University Medical
Faculty, Edirne, Turkey
M. Çelik
Department of Endocrinology, Trakya University
Medical Faculty, Edirne, Turkey

59.1

Case Presentation

A 44-year-old woman was referred to general
surgery department with swelling on the neck.
Physical examination revealed a 15-mm thyroid nodule in the thyroid gland. Neck ultrasonography (USG) examination demonstrated a
11 × 18 × 26 mm sized hypoechogenic nodule
with irregular margins and microcalcifications
in the left thyroid lobe and 13 × 14 × 15 mm
sized nodule in the right thyroid lobe (Fig. 59.1a
and b). The patient had no history of radiation
exposure and no family history of thyroid cancer. Laboratory examination reports were as
follows: calcitonin (Ct), 419 pg/ml (n, 0–10);
fT3, 3.6 pg/ml (n, 1.71–3.81); fT4, 1.41 ng/dl
(n, 0.7–1.48); and TSH, 0.53 mlU/ml (n, 0.35–
4.94). Calcium, parathyroid hormone (PTH),
urinary 24-h catecholamine levels were within
normal ranges, which were confirmed twice.
The patient underwent a fine needle aspiration
biopsy (FNAB) in right thyroid nodule, which
was reported as suspicious for follicular neoplasia. Total thyroidectomy (TTx) and central
lymph node dissection (CLND) were performed due to high preoperative Ct levels
(Fig. 59.1c). Pathologic examination of the
specimen revealed 26 mm sized medullary thyroid carcinoma (MTC) on the left thyroid lobe
and 15 mm sized MTC on the right thyroid
lobe. The specimen margins were free of tumor

© Springer International Publishing AG, part of Springer Nature 2019
T. Özülker et al. (eds.), Thyroid and Parathyroid Diseases, https://doi.org/10.1007/978-3-319-78476-2_59

371

A. Sezer and M. Çelik

372

a

b

c

d

Fig. 59.1 Thyroid USG of the index case (a and b), macroscopic appearance of total thyroidectomy specimens of the
index case (c), macroscopic appearance of total thyroidectomy specimens of index case’s elderly brother (d)

involvement and lymph node metastasis
(pT2pN0pMx). Codon 634 of exon 11 for RET
gene was detected. The patient’s family, the
mother, son, brothers, and two sisters were
clinically evaluated and also underwent
FNAB. The elder brother (55-year-old) has the
same RET gene mutation, and a hypoechogenic, 15 × 18 × 25 mm-sized nodule in the left
thyroid lobe and 15 × 18 × 25 mm-sized nodule
in the right thyroid lobe were detected on USG
examination. Thyroid hormone levels and urinary 24-h catecholamine and derivatives were
within normal ranges. Serum Ct was measured
as 4496 pg/ml (n, 0–10). The elder brother
underwent TTx and CLND (Fig. 59.1d).
Pathologic examination of the specimen
revealed two tumors in 1 cm on the right lobe
as multifocal MTC and four tumors in 1.5 cm
size in the left lobe also as MTC. The patients
were discharged uneventfully, and the patients
and pedigrees were in clinical follow-up for
new events.

59.2

Discussion

59.2.1 Evaluation and Diagnosis
MTC is a rare form of thyroid carcinomas, which
originates from calcitonin secreting C cells (parafollicular cells) of the thyroid gland. The rare thyroid cancer constitutes 3–5% of all thyroid
cancers and shows autosomal dominant inheritance pattern in 20–25% of patients (MEN syndromes) [1, 2]. “Germ line” activating mutations
in proto-oncogene are thought to be responsible
for familial inheritance. Familial MTC (FMTC)
is the most common component of MEN two
syndromes, or it can be seen as sporadic FMTC.
Sporadic MTC is generally observed in fourth
and sixth decades. Tumor location is usually unilateral (80%) and rarely bilateral (20%). MTC has
no specific feature on thyroid USG. FNAB is the
most useful and safe method for diagnosis. The
other option for confirming MTC diagnosis is
immunolocalization of chromogranin, CEA or Ct,
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negative staining with thyroglobulin, and detecting
the elevation of serum calcitonin levels [3, 4].
Basal Ct levels in 7% of familial MTC cases were
measured in normal ranges [5–7]. Calcium, pentagastrin, gastrin, glucagon, pancreozymin, glucocorticoids, Ct gene-related peptide, and
beta-adrenergic agents increase calcitonin secretion. Thus, calcium infusion is recently the most
commonly used calcitonin stimulation test for
verifying MTC diagnosis in suspicious cases. The
test results are in close relation to the amount of
calcium applied, time of infusion, and sampling
time. The basic protocol of the test is 2.5 mg/kg
calcium gluconate infusion during 30 s and collecting blood samples before infusion (basal), 2nd
and 5th min. Test results are accepted to be positive if peak Ct level is three times of basal value or
basal level is ≥300 ng/l. False-negative results
may be obtained in micro MTC or C cell hyperplasia [8]. In patients diagnosed with MTC, RET
proto-oncogene must be examined for “germ line”
mutations even in the absence of positive family
history. In case of positive result, all first-degree
relatives of the patient with MTC should undergo
RET gene mutation analysis. Depending on the
degree of risk of mutation, prophylactic thyroidectomy (PTx) or CLND is indicated. In patients suspected to have hereditary MTC or detected to have
RET proto-oncogene mutations, primary hyperparathyroidism (PHP) and pheochromocytoma
should be excluded prior to surgery of MTC. In all
cases with clinical findings suggesting regional
and distant metastasis or patients who have serum
Ct level > 500 pg/ml, in addition to preoperative
neck USG, contrast-enhanced neck and thoracic
computerized tomography (CT), three-phase
dynamic liver CT or contrast-enhanced liver magnetic resonance imaging (MRI), and bone scintigraphy are recommended [4].

59.2.2 Management
In patients with no neck lymph node metastasis
or distant metastasis on preoperative clinical
evaluation, TTx is recommended. In subjects
with cervical lymph node metastasis, CLND and
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dissection for ipsilateral neck compartments
must be carried out in addition to TTx. In case of
basal Ct level > 200 pg/ml, contralateral neck dissection may be performed in addition to ipsilateral lymph node dissection [4]. When distant
metastasis is present, less aggressive neck surgery is preferred to preserve phonation, airway,
and swallowing and parathyroid functions, prevent central neck morbidity, and provide regional
disease control. Since MTC is bilateral and multicentric in all MEN2 syndromes, TTx is preferred treatment modality. Since some cases that
seem to have the sporadic form of the disease
may turn to have a hereditary type of the disease,
TTx is also recommended for these subjects.
Presence of pheochromocytoma must be evaluated prior to thyroidectomy, and if present, it
should first be treated. During thyroidectomy,
CLND is also performed, and suspicious nodules
in the neck and anterior-upper mediastinum are
excised. Surgery may be curative even in the
presence of nodal involvement. However, MTC
in MEN2B is more aggressive than in MEN2A
and FMTC, and surgery is mostly not curative
treatment. The timing of prophylactic thyroidectomy (PTx) is very important in children in whom
screening reveals RET mutation. All patients
should be referred to academic centers experienced in MEN2 management [4].
American Thyroid Association (ATA) recommends PTx to be performed during the first year
and even during first months of life in children
who are found to be in very high-risk category
(M918T) according to risk classification given in
Table 59.1 [4, 9–14]. Children in high-risk category (C634F/G/R/S/W/Y, A883F) should undergo
PTx at the age of 5 years, or it may be performed
earlier in case of increased levels of basal or stimulated CT. CLND may be applied to children with
Ct >40 pg/ml or lymph node metastasis detected
by imaging methods. In this case, the surgical
experience of the operator is very important.
Surgical morbidity is high during childhood, and
experienced pediatric or endocrine surgeons
should operate these children. For children in
moderate-risk category according to ATA, periodic physical examination and follow-up with
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Table 59.1 Relationship of common RET mutations to
risk of aggressive MTC in MEN2A and MEN2B
RET mutation
G533C
C609F/G/R/S/Y
C611F/G/S/Y/W
C618F/R/S
C620F/R/S
C630R/Y
D631Y
C634F/G/R/S/W/Y
K666E
E768D
L790F
V804L
V804M
A883F
S891A
R912P
M918T

MTC risk level
MOD
MOD
MOD
MOD
MOD
MOD
MOD
H
MOD
MOD
MOD
MOD
MOD
H
MOD
MOD
HST

Exon
8
10
10
10
10
11
11
11
11
13
13
14
14
15
15
16
16

MOD moderate, H high, HST highest

neck USG and serum Ct level are recommended,
and thyroidectomy may be delayed until the age
of 5 years. If the family is concerned about longterm follow-up programs and prefers early thyroidectomy, it may be performed around the age
of 5 years. In adult subjects with germ line mutation, serum calcitonin level is measured if neck
USG is normal. Annual follow-up is recommended in case of normal calcitonin level. If Ct
level is elevated, total thyroidectomy is applied
after exclusion of pheochromocytoma [4].

59.2.3 Follow-Up of Patients
Postoperative thyroid hormone replacement is
given to ensure euthyroid state. Since C cells are
not TSH sensitive, suppressive doses are not
required. Follow-up schedule is different for
familial and sporadic cases. The most important
postoperative follow-up parameters in patients
with MTC are TNM classification, lymph node
metastasis, and postoperative Ct levels. Serum Ct
and CEA levels should be measured in postoperative 3rd month. If CT and CEA levels are found
to be undetectable or within the normal range,
follow-up examinations should be carried out at

6-month intervals for the first year and, then,
annually. If postoperative Ct level is found to be
high but lower than 150 pg/ml, neck USG should
be done. In case of normal neck USG findings,
physical examination, neck USG, and Ct and
CEA level measurements should be performed at
6-month intervals. In cases which are found to
have postoperative Ct levels ≥150 pg/ml and normal neck USG, thoracic, and mediastinal CT
findings, the metastatic focus may be investigated
by contrast-enhanced MRI or three-phase contrast-enhanced CT of the liver, bone scintigraphy,
and MR imaging for the pelvic-axial skeleton. If
high Ct levels persist during the postoperative
period, a second surgery may be performed if the
causative focus is operable and can be localized
by imaging modalities. In case of undetectable
focus, the patient is scheduled for close followup (wait and see) if basal and/or stimulated CT
levels are high [4].
In persistent postoperative disease, serial CT
and CEA measurements and doubling time of
these parameters may be calculated. Ct doubling
time is an important predictive parameter for
prognosis. Patients with short doubling time
(<6 months) have low 5–10-year survival rates,
and they need aggressive treatment approach. In
subjects with low risk and doubling time > 2 years,
follow-up with Ct and CEA measurements with
6-month intervals may be enough, and these
patients have long survival time. In cases with
doubling time of 6 months to 2 years, additional
treatment regimens may be necessary considering 5–10-year survival rates. Systemic treatment
is not recommended in patients with elevated
serum Ct and CEA levels but undetectable metastatic focus, stable metastatic disease with low
tumoral load, and subjects with Ct and CEA
doubling time > 2 years. Liet biopsy is recommended before difficult and recurrent neck operations to reveal occult liver metastasis in patients
in whom disease persists or recurs after TTx.
MTC follow-up and treatment are similar for
MEN2 and sporadic cases. It should be known
that 50% of individuals of the MEN2 family carrying this genotype will develop pheochromocytoma, and 5–10% will have PHP at some time
during their lives. Therefore, annual measure-
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ments for corrected Ca or ionized Ca, p hosphorus,
plasma-free metanephrine, and normetanephrine
or 24-h urine metanephrine and normetanephrine
and biyearly adrenal CT examinations are
required. Unilateral adrenalectomy does not
eliminate the need for follow-up. In these families, the incidence of bilateral pheochromocytoma is higher than 60%, which may not be
concurrent [4].

59.2.4 The Future
Not long ago, an agent named arylidene-2-indolinone (RPI-1) has been shown to prevent autonomic tyrosine phosphorylation related to RET
mutation in codon 634 in patients with MEN2A,
which is promising for the future [15].

What Can We Learn from This Case?

• MEN2 accounts for about 25% of medullary thyroid cancer.
• The current standard of care for MEN2
includes genetic testing of all potentially
affected family members for the RET
proto-oncogene, and patients should be
evaluated in terms of risk grade.
• Select among the surgical treatment
options for prophylactic surgery in
genetic carriers.
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Abstract

Medullary thyroid cancer (MTC) is a neuroendocrine tumor of the parafollicular or C cells
of the thyroid gland. It accounts for approximately 1–2% of thyroid cancers. The production of calcitonin is a characteristic feature of
this tumor. Most of the MTCs are sporadic
whereas 25% of cases are familial as part of
the multiple endocrine neoplasia type 2
(MEN2) syndrome. For sporadic MTCs, there
are no germline RET mutations. The most
common presentation of sporadic MTC is a
solitary thyroid nodule. Systemic symptoms
may occur due to hormonal secretion by the
tumor. Most sporadic MTCs also secrete carcinoembryonic antigen (CEA). The diagnosis
of sporadic MTC is usually made after fine
needle aspiration (FNAB) biopsy in a patient
who has a solitary thyroid nodule. Patients
with sporadic MTC can be cured only by complete resection of the thyroid tumor with bilateral central neck lymph node dissection. For
patients with the residual or recurrent disease
after primary surgery or for those with distant
metastases, the most appropriate treatment is
less clear and still debatable.

N. Z. Cantürk · S. A. Güler (*) · T. Şimşek
Division of Breast and Endocrin Surgery,
Kocaeli University, Kocaeli, Turkey
e-mail: drsataguler@me.com

In this case presentation, we discussed a
patient with an MTC, its evaluation, diagnosis, management and the future of the MTC
according to the literature.

60.1

Case Presentation

A 63-year-old female patient was admitted to the
clinic with the findings of a nodule in her right
thyroid gland with a history of 3 months. After
admission, ultrasonographic (USG) examination
of the thyroid gland was performed, and a
10 × 6 mm iso-hypoechoic nodular lesion at the
right thyroid gland without any pathological lympadenomegalies or any vascular abnormalities
was detected (Fig. 60.1). The nodule was hypoactive on 99mTc pertechnetate scintigraphy. Thyroid
fine needle aspiration biopsy (FNAB) was performed, and histopathological examination of the
nodule was reported as suspicious for medullary
thyroid cancer (MTC). Thyroid function tests of
the patient were in normal range. For further
evaluation of disorder, calcitonin and carcinoembryonic antigen (CEA) were measured in which
calcitonin was 69.58 pg/mL (normal range 0.07–
12.97 pg/mL) and CEA was 5.43 ng/mL (normal
range 0.00–5.00 ng/mL nonsmoker). It is remarkable that the calcitonin levels were above normal
laboratory range. In her medical history, there
was not any family history of any syndrome.
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Fig. 60.1 Ultrasonography of the thyroid gland showing
a 10 × 6 mm iso-hypoechoic nodular lesion at the right
lobe

neck lymph nodes came out as reactive lymphoid
hyperplasia and there were no metastatic lymph
nodes. Whole body bone scintigraphy, chest
computed tomography (CT) and total abdominal
ultrasonography (USG) did not show any pathological findings. The postoperative neck USG
was performed in every 6 months, and until today
any relapses or residual thyroid tissues and pathological cervical lymph nodes have not been
reported yet. Early postoperative calcitonin level
was 3.08 pg/mL and preoperatively high calcitonin levels normalized after the surgery. Calcitonin
and CEA levels were measured in every 3 months
for 3 years and afterward both of them were measured annually. And in all of the measurements of
both markers were within normal ranges.

60.2

Fig. 60.2 Specimen view of the sporadic medullary thyroid cancer

Germline RET tests were studied, but no mutations were reported. After discussion at the multidisciplinary endocrine meeting, bilateral total
thyroidectomy and central neck lymph node dissection were performed. Specimen view of the
medullary thyroid cancer is seen in Fig. 60.2. The
postoperative pathological evaluation showed
that the nodule was 0.9 cm in diameter, located in
the right thyroid lobe as MTC. The tumor was in
the thyroid gland but invaded its capsule without
any lymphovascular invasion. By immunohistochemical evaluation, the tissue was dyed negative
with HMBE-1, nonspecifically positive with
Galactin-3, positive with calcitonin, positive with
chromogranin and focally positive with thyroglobulin (Tg). All the right and left sided central

Discussion

Medullary thyroid cancer (MTC) is a neuroendocrine tumor derived from the parafollicular or C
cells of the thyroid gland. Approximately 1–2%
of thyroid cancers are MTC [1]. The calcitonin
production is a characteristic feature of this disease. The C cells come from the embryonic neural
crest. For this reason, they often show the clinical
and histological features of other neuroendocrine
tumors like islet-cell tumors and carcinoids. The
75% of MTC cases are sporadic. Whereas,
approximately 25% of MTC cases are familial as
part of the multiple endocrine neoplasia type 2
(MEN2) syndrome. Sporadic cases have no germline RET mutations whereas germline RET mutations are seen in hereditary type [1].

60.2.1 Evaluation and Diagnosis
The fourth and sixth decades of life are the typical age of MTCs are seen [1]. In our case, our
patient was in her 60’s as the average age of the
disease in the literature.
Sporadic MTC is commonly presented with a
solitary thyroid nodule, that is seen approximately in 75–95% of patients [2–5] as presented
in our case. The C cells are located in the upper
part of each thyroid lobe; thus, most tumors are
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found in this part of the thyroid gland. The disease has already metastasized at the time of diagnosis in most sporadic MTC cases. Approximately
70% of cases have clinically detectable cervical
lymph node involvement. Totally 15% of cases
have symptoms of the upper digestive tract and
tracheal compression or invasions. In those
patients symptoms such as dysphagia or hoarseness are reported. Approximately 5–10% of
MTCs have the distant metastatic disease [1–6].
Distant metastases may include liver, lung, bones,
and in fewer percentages brain and skin. Patients
with the multifocal disease have commonly nodal
metastases [7]. But, as calcitonin screening tests
are improved in the identification of more
“micro” MTCs, the number of patients with
metastases at presentation appears to be decreasing [8–10]. Calcitonin screening for sporadic
MTC is controversial in patients who have thyroid nodules.
Hormonal secretion by the tumor such as calcitonin, calcitonin gene-related peptide, or other
substances causes systemic symptoms of the disease. In advanced disease, diarrhea or facial
flushing might be the symptoms. MTCs also
may secrete corticotropin (ACTH), resulting in
ectopic Cushing’s syndrome. Our case did not
present any symptoms results of those secreted
hormones [6].
Basal serum calcitonin concentrations usually
correlate with the volume of the tumor mass.
They also reflect differentiation of the tumor.
Patients with palpable tumor usually have a high
amount of basal serum calcitonin levels [6]. Most
sporadic MTC cases also secrete carcinoembryonic antigen (CEA). Similarly, as calcitonin,
CEA may be used as a tumor marker in the diagnosis of the MTCs [11, 12]. Also, the expression
of CEA may be used as anti-CEA antibodies for
immunotherapy in MTCs cases. As laboratory
tests especially the thyroid function tests might
be normal. In our case, the patient had normal
thyroid function tests. The Calcitonin was calculated as 69.58 pg/mL (normal range 0.07–
12.97 pg/mL) and CEA was 5.43 ng/mL (normal
range 0.00–5.00 ng/mL nonsmoker). As seen
CEA was normal, but elevated calcitonin level
was consistent with the diagnosis of MTC.
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In the radiological evaluation, there are several ultrasonic features of thyroid nodules like
hypoechogenicity, microcalcifications which
may present thyroid cancer. However, there are
no pathognomonic ultrasound features that are
related to thyroid cancer. Most of the studies
show ultrasound characteristics of thyroid nodules focused on papillary subtype [13]. Rarely,
the presence of dense calcifications on radiographs and anterior neck images may point out
sporadic MTC. In our case, the ultrasonography
was reported as the iso-hypoechoic nodule, and
the features of the sporadic MTC was not able to
be differentiated.
Fine needle aspiration biopsy (FNAB) is the
major diagnostic tool for sporadic MTC which
has a solitary thyroid nodule. The sensitivity of
FNAB is 50–80%, but higher sensitivities can be
obtained by the addition of immunohistochemical staining techniques used for calcitonin [14].
In most sporadic MTCs with high clinical suspicion, calcitonin measurement may be performed
by the washout of the FNAB biopsy. But this
technique may not be readily available in most
laboratories [14]. In our case, the histopathological report was suspicious for MTC, but calcitonin
measurement in the washout of the FNAB biopsy
could not be studied because of the laboratory
restrictions.
The diagnosis of sporadic MTC is performed
just after thyroid lobectomy although FNAB of
the nodule is suspicious or indeterminate in some
of the cases. Sporadic MTC surgical specimens
show spindle-shaped and frequently pleomorphic
cells without follicle development because these
cells come from the calcitonin-secreting parafollicular C cells of the gland [14].
For the routine diagnosis of the thyroid nodule, the use of serum calcitonin measurement
with complement to USG and FNAB is controversial. For the patients with thyroid nodules
measurement of serum, calcitonin is not a part of
the routine evaluation tests [15]. The high frequency of false high serum calcitonin levels, the
inability to confirm the high calcitonin by pentagastrin stimulation, and the accuracy of FNAB
would argue against a change in this recommendation. Patients with locoregional metastases or
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locally invasive sporadic MTC will have normal
levels of serum calcitonin concentrations without
any stimulation [2, 15].
The differential diagnosis in a patient with a
neck mass varies with age. The majority of
masses are benign thyroid nodules or cysts. Neck
masses may be congenital, inflammatory, or neoplastic disorders, instead of thyroidal origin [16].
In the differential diagnosis of sporadic MTC
hypercalcemia, hypergastrinemia, neuroendocrine tumors, renal insufficiency, papillary and
follicular thyroid carcinomas, goiter, and chronic
autoimmune thyroiditis must be taken into consideration. In all of them, elevated calcitonin levels might be represented [16, 17]. Use of
omeprazole longer than 2–4 months, beta blockers, and glucocorticoids have been associated
with hypercalcitoninemia. In addition, heterophilic antibodies to calcitonin can falsely elevate
serum calcitonin levels [17]. Gastrointestinal tract
inflammatory disease, benign lung disease, and
nonthyroidal malignancies and cigarette smoking
may also cause high CEA levels [1]. Our case was
a non-smoker, and her CEA values were normal
in range.
Calcitonin and CEA levels also show the
capability of the hormones hypersecretion and, if
so, the results can be compared with postoperative values. Calcitonin and CEA levels may provide a prognostic factor postoperatively. Also,
they indicate the biochemical cure for the MTC
[18]. Assessment of calcitonin and CEA doubling times postoperatively provides sensitive
markers for progression and aggressiveness of
the disease [19]. Following the FNAB of the nodule, we looked for calcitonin and CEA values
soon after the FNAB result to evaluate any metastasis of the disease. And according to the results,
we eliminated the metastasis.
Sporadic MTC can spread locally, invade the
neck lymph nodes or can metastasize to distant
sites [4, 6]. Neck USG is used to detect for cervical lymph node involvement just after the diagnosis by FNAB. In our case, cervical lymph nodes
were reported as reactive by neck USG which
had been performed just after the diagnosis by
FNAB.
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If local lymph node metastasis detected by the
USG and/or high serum calcitonin levels are
reported, additional radiological techniques must
be performed to detect for the probable metastasis [20]. Cross-sectional imaging techniques like
chest CT, neck CT, three-phase contrast-enhanced
liver CT or contrast-enhanced liver magnetic resonance imaging (MRI), axial MRI, and bone
scintigraphy are the suggested ones. For the suspect of skeletal metastases, MRI may be superior
to other imaging modalities [20].
18-fluoro-2-deoxyglucose positron emission
tomography (18F-FDG-PET) imaging or somatostatin receptor imaging is not recommended for
routine initial screening for metastatic disease seeing that the sensitivity of 18F-FDG-PET scanning
for detection of metastases may be variable [21].
But imaging with 111In-octreotide or [99mTc]Pentavalent dimercaptosuccinic acid (V)-DMSA)
is not currently recommended as routine screening
tests [20]. Type of scanning may be more useful
in localizing residual or recurrent disease after primary therapy.
Diagnosis of sporadic MTC with cytologic
evaluation of a thyroid nodule should be supported with measurements of serum calcitonin
and carcinoembryonic antigen (CEA), USG of the
neck and also genetic testing of germline RET
mutations, and biochemical evaluation for coexisting tumors, especially to exclude pheochromocytoma [18]. Somatic mutations at RET, HRAS,
KRAS and NRAS genes can be determined for
patients with sporadic MTC [1]. For germline
RET mutations genetic tests with the sequencing
of exons 10, 11, and 13 through 16 for all patients
with newly diagnosed C cell hyperplasia or apparently sporadic MTC are suggested. Sequencing of
the remaining exons should be considered for
patients whom hereditary medullary cancer is
suggested clinically or with the family history
[22]. In our case germline RET mutation genetic
tests were studied and seeing that no mutations
were reported, we excluded MEN 2, and sporadic
MTC diagnosis gained in strength.
It is important that what proportion of patients
with apparently sporadic MTC have unsuspected
germline mutations in the RET proto-oncogene
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which has the underlying defect in MEN2 and,
therefore, have the heritable disease. The familial
medullary cases in 75% had no prior family history. 60% of the patients with sporadic MTC
have somatic or acquired mutations in the RET
gene within the tumor cells [23]. These mutations
are present only in the tumor cells. They are not
detected by standard genetic tests such as using
leukocyte DNA detection. In MTCs the presence
of somatic RET mutations may point persistent
disease, lymph node metastases and may decrease
the survival period [23].
Generally, biochemical evaluation for particularly pheochromocytoma and hyperparathyroidism is required before thyroidectomy. The results
may rarely be known before surgery though
genetic screening tests are preoperatively studied. With no family history of MEN2 syndrome
and negative RET proto-oncogene test result,
biochemical tests are not always needed [23].
The pathological tumor-node-metastasis
(pTNM) staging adopted by the Union
International Contre le Cancer (UICC) and the
American Joint Committee on Cancer (AJCC)
are tumor size, lymph node metastases and distant metastases [24] (Table 60.1). In the present
case, the nodule was nearly 1 cm in diameter, and
there was no evidence of disease outside the thyroid gland without any node invasion. So, it is
reported as a Stage I disease.

Table 60.1 The pathological tumor-node-metastasis
(pTNM) staging adopted by the Union International
Contre le Cancer (UICC) and the American Joint
Committee on Cancer (AJCC)
Stages
Stage I

Stage II
Stage III

Stage IV

Features
Medullary thyroid cancers that are less
than 2 cm in diameter without evidence of
disease outside of the thyroid gland
Any tumor between 2 and 4 cm without
evidence of extrathyroidal disease
Any tumor greater than 4 cm, or level VI
nodal metastases or microscopic
extrathyroidal invasion regardless of
tumor size
Any distant metastases, or lymph node
involvement outside of level VI, or gross
soft tissue extension
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60.2.2 Management
Sporadic MTC can only be treated by complete
resection of the thyroid tumor and any local and
regional metastases for complete cure. If there is
residual or recurrent disease after primary resection or for those with distant metastases, the most
appropriate treatment is not clear. There are
debates for the treatment approaches in the
literature.
For patients with sporadic MTC confined to
the neck and no evidence of involved cervical
lymph nodes on preoperative USG, total thyroidectomy with prophylactic bilateral dissection of
the central lymph nodes is the suggested treatment [1]. But prophylactic central neck lymph
node dissection is not required if the tumor is
small and intrathyroidal with a preoperative calcitonin level less than 20 pg/mL. Metastatic
lymph nodes are exceedingly rare in this circumstance [20]. In the absence of clinically or ultrasonographically identifiable lymph node
metastases, performing lateral neck dissections
with the primary surgery remains controversial.
The American Thyroid Association (ATA) guidelines committee could not achieve a consensus
agreement on this topic but did recommend that
prophylactic lateral neck dissections may be considered according to serum calcitonin levels [1].
Routine prophylactic lateral neck dissections if
there was no evidence of disease on preoperative
neck USG might be recommended or the decision according to the utilized preoperative calcitonin values is recommended. Prophylactic
ipsilateral central and ipsilateral lateral neck dissection might be recommended for the patients
with basal serum calcitonin values over 20 pg/
mL. But if serum calcitonin levels are more over
200 pg/mL prophylactic dissection of uninvolved
contralateral lateral neck compartments is recommended [1]. For sporadic MTC with the thyroid
and cervical lymph nodal involvement diagnosed
preoperatively, total thyroidectomy with bilateral
central neck dissection and dissection of the
involved lateral neck is the recommended treatment. If there is no suspect of distant metastases,
dissection of the clinically involved ipsilateral
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neck with prophylactic neck dissection of uninvolved contralateral neck compartments should
also be considered in patients with a basal calcitonin level more than 200 pg/mL [1]. All patients
with inherited MTC and 10% of sporadic MTC
have the bilateral or multifocal disease [1].And
they have premalignant diffuse C cell hyperplasia. Thus, total thyroidectomy is the preferred
surgical treatment.
The dissection of the adjacent nodal tissue in
the central compartment is recommended to be
performed from the hyoid bone to the innominate
veins and medial to the jugular veins [25]. The
lateral jugular and mediastinal lymph nodes
should be carefully evaluated. If there are positive lymph nodes modified neck and/or mediastinal dissections are also recommended [25].
Prophylactic neck dissection of the lateral
neck with the absence of structurally identifiable
disease is not routinely recommended. It should
be considered if extensive lymph node metastases are identified in the adjacent central neck, or
the preoperative serum calcitonin is more over
200 pg/mL [1]. In our case, preoperative calcitonin level was 69.58 pg/mL. It was over the given
average value of 20 pg/mL and below 200 pg/
mL. According to these results, we decided to
perform only bilateral central neck lymph node
dissection without any lateral neck lymph node
dissection.
For locally advanced or metastatic disease,
total thyroidectomy with central and/or lateral
neck dissection is recommended treatment. In
this situation surgery is mostly palliative, so a
less aggressive surgical approach to the thyroid
and lymph nodes is recommended in order not to
impair speech, swallowing, parathyroid function,
and shoulder mobility [1]. For invasive disease,
more extended procedures containing resection
of the involved neck with function-preserving
approaches for speech, swallowing must be preferred. Radical neck dissections do not improve
prognosis, so they are not indicated. The surgical
treatment should be individualized according to
the patient’s life expectancy, wishes and other
medical conditions [1].
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If sporadic MTC is diagnosed after a unilateral
lobectomy, the approach is not certain. There is
not enough data for management of this situation
[1]. The incidence of bilateral disease in patients
with sporadic MTC is low, ranging from 0% to
9%. Therefore, completion thyroidectomy is not
routinely indicated for patients if germline RET
mutation is also negative. However, it is recommended to perform thyroidectomy for the other
lob if the postoperative calcitonin level is elevated,
or if there is imaging evidence of persistent disease in the thyroid or regional lymph nodes [1].
For short-term follow up, the development of
hypoparathyroidism or injury to either the recurrent or superior laryngeal nerves should be
detected [1].
Thyroxine (T4) therapy should be started just
after the surgery. The initial dose is 1.6 mcg/kg
daily. The adequacy of treatment should be clinically evaluated and by measurement of serum
thyroid-stimulating hormone (TSH) level in
6 weeks period after the surgery. The goal of T4
treatment is to restore and maintain a euthyroid
state. Suppression of TSH is not recommended
seeing that C cells are not TSH responsive [26].
Radioiodine treatment is also contraindicated
because the tumor cells do not concentrate
iodine [26].
After the surgery, evaluating if surgery was
curative is important. Serum calcitonin and CEA
must be measured for this purpose. Serum calcitonin and CEA should be measured within
2–3 months after surgery to detect the presence
of residual disease. Patients who have normal
serum CEA and undetectable serum calcitonin
values are considered biochemically cured.
Those patient groups have the best prognosis
[27]. For this group of patients, subsequent follow-up may be performed by physical examination twice yearly for 2 years and then yearly
thereafter with measurement of serum calcitonin
and CEA levels twice yearly for 2 years and then
yearly thereafter including neck ultrasound
3–12 months postoperatively. Additional imaging
is not recommended if calcitonin or CEA values
do not increase during follow-up [1].
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A high basal serum calcitonin level in three or
more months after surgery is presumptive evidence of residual disease. The prognosis for this
group of patients depends on primarily the
patient’s age and the extent of disease at the time
of initial surgery [1].
As parallel to the literature for our case, we
followed up with calcitonin and CEA levels
including physical examination and neck USG
imaging. Up to recent time, no elevation in the
levels of both tests was reported with no findings
of physical examination and neck USG. So our
patient is in the first group known as biologically
cure.
For patients with recurrent/residual disease
observation/active surveillance, surgical resection, external beam radiation therapy (EBRT),
and other directed therapies such as radiofrequency ablation, cryoablation, embolization, or
systemic therapies are the treatment modalities
[28]. Identifiable residual or recurrent MTC
patients were being operated on routinely in the
past time. But despite routine lymphadenectomy
or excision of the palpable tumor, their serum
calcitonin concentrations often did not normalize
after the surgery [28]. For this reason treatment
approach for persistent/recurrent disease depends
upon a variety of clinical factors. Localisation of
the disease, the volume of disease, the precise
location of the metastatic disease, symptoms if
any, the rate or likelihood of clinically significant
structural disease progression are the factors for
deciding the treatment approach [28].
Age and stage of disease at the time of diagnosis is an important factor for prognosis [1]. The
5- and 10-year disease-free survival rates are
higher among patients 40 years old or less as
compared with patients over age 40 years [2].
The 10-year survival rates for patients with stages
I, II, III, and IV MTC are 100%, 93%, 71%, and
21%, respectively [29]. A nomogram that integrates age, gender, postoperative calcitonin, vascular invasion, tumor, node, and metastasis status
has been developed that can be used to predict
cause-specific mortality easily [30]. Calcitonin
and CEA doubling times are sensitive markers
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for prediction of progression and aggressiveness
of metastatic disease [30]. Calcitonin doubling
times less than 6–12 months are associated with
poor survival rates while doubling times more
than 24 months are associated with a better prognosis [19]. Cellular heterogeneity, paucity of
tumor immunostaining for calcitonin, prominent
tissue immunostaining for galectin-3 or CEA
associated with scant or absent tissue staining for
calcitonin, high preoperative serum CEA, a less
than tenfold increase in preoperative calcitonin
levels after stimulation with pentagastrin, an elevated procalcitonin:calcitonin ratio, and a rising
CEA level associated with a stable or declining
calcitonin level are the other factors that effects
the prognosis [11, 31–34].

60.2.3 The Future
For persistent or recurrent MTC patients clinical
management strategies are still under debate.
These patients either have long-term survival,
because of an indolent course of the disease or
develop rapidly progressing disease causing
death from distant metastases. Today, it cannot be
predicted what will happen in most individual
MTCs. Biomarkers, indicators which can be
measured objectively, can be helpful in MTC
diagnosis, molecular imaging, and treatment,
and/or identification of MTC progression. But
most of the MTC biomarkers are already implemented in the daily management of those patients
[35]. More researches are being studied to
improve the molecular imaging techniques and to
develop systemic molecular therapies. Recent
discoveries, like the prognostic value of plasma
calcitonin and CEA doubling-time and the presence of somatic RET mutations in MTC tissue,
may be useful for treatment [35].
There is no single method to detect all MTC
recurrences or metastases. Conventional radiological imaging methods like USG, CT, MRI and
several methods of nuclear medicine are being
used for this purpose. The main role of nuclear
medicine imaging is the detection of the residual
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or recurrent tumor in the postoperative follow-up.
The most used radiopharmaceuticals labeled with
γ emitters are Metaiodobenzylguanidine (MIBG),
labeled with 131I or 123I, 111In-pentetreotide
(Octreoscan), (99mTc(V)-DMSA), and 99mTcEDDA/HYNIC-Tyr3-Octreotide
(Tektrotyd)
[36]. The radiopharmaceuticals labelled with a
positron-emitting radionuclide (β+), suitable for
positron emission tomography (PET) imaging
18
18
are:
F-fluorodeoxyglucose
F-FDG),
18
18
( F-fluorodihydroxyphenylalanine ( F-DOPA),
and 68Ga-labelled somatostatin analogues
(68Ga-DOTATATE or DOTATOC). The usage of
these radiopharmaceuticals in the diagnosis of
MTC recurrence needs further studies to be routinely used [36].
Surgery is currently the only potentially curative treatment for sporadic MTC. Complete
tumor resection and removal of suspicious lymph
nodes are the most important initial treatment to
avoid recurrence and metastasis. When recurrence or metastatic MTC develops, the decision
for continued observation or systemic therapy is
based on the degree of tumor aggressiveness.
Lymph node involvement, calcitonin doubling
time, types of RET mutation, and tumor stage are
factors that are used determine the need for further treatment [37].
Therapeutic options for aggressive and inoperable MTC primarily include tyrosine kinase
inhibitors, external beam radiation therapy
(EBRT), or other medications. Among tyrosine
kinase inhibitors, vandetanib is the first drug that
is approved by FDA for treatment of
MTC. Focused EBRT can be reconsidered for
patients with cervical lymph node involvement.
Although other targeted drug therapies have been
tried, definitive clinical studies are not enough
[37]. In recurrent or advanced MTC, when systemic therapy is planned to be used, vandetanib is
available for treatment. But side effects of this
drug can be problematic, and impact on overall
survival is presently unknown [37].
Newer drugs and treatment alternatives are
being studied for the control of tumor growth
with maintaining the patient’s quality of life [37].

What Can We Learn from This Case?

Medullary thyroid carcinoma (MTC) is a
rare malignancy arising from parafollicular
C cells of the thyroid gland. Approximately
1–2% of thyroid cancers are MTC. As discussed, it may have a poor prognosis unless
appropriate management is performed.
• Most sporadic MTC cases secrete carcinoembryonic antigen (CEA) which is
used as tumor marker for the diagnosis
• Fine needle aspiration biopsy (FNAB) is
the major diagnostic tool for sporadic
MTC which has a solitary thyroid
nodule
• Somatic mutations at RET, HRAS,
KRAS and NRAS genes can be determined for patients with sporadic MTC
• Sporadic MTC can only be treated by
complete resection of the total thyroid
gland with the tumor and any local and
regional metastases for complete cure
• After the surgery, serum calcitonin and
CEA must be measured for follow-up of
the disease
• For patients with recurrent/residual disease observation/active surveillance, surgical resection, external beam radiation
therapy (EBRT), and other directed therapies such as radiofrequency ablation,
cryoablation, embolization, or systemic
therapies are the treatment modalities
• Newer drugs and treatment alternatives
are being studied for the control of
tumor growth with maintaining the
patient’s quality of life
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Abstract

Concurrent occurrence of medullary thyroid
carcinoma (MTC) and papillary thyroid carcinoma (PTC) in a single patient is uncommon. The cell origin, histopathologic features,
and prognosis of these two carcinomas are
considered completely different. A 40-yearold man was diagnosed MTC after fine needle
aspiration biopsy of the right thyroid nodule
and the lymph node on the right side. The
patient underwent total thyroidectomy with
unilateral central compartment and right lateral neck dissection. Histopathological evaluation was identified as MTC in the nodule of
the right lobe and the MTC metastasis in the
lymph nodes. Besides, papillary microcarcinoma foci were determined on the same thyroid lobe. He had c.1585 > A (p.Glu529Lys)
heterozygous variant mutation of RET protooncogene. Sixteen months after the operation,
his serum calcitonin, carcinoembryonic antigen (CEA), and thyroglobulin levels are
undetectable.

N. Kurtulmuş
Department of Endocrinology, Acibadem University,
Istanbul, Turkey

61.1

Case Presentation

A 40-year-old man was referred to our thyroid
disease clinic with an autoimmune thyroid disease which had been under monitoring for a few
years. It was grade 1b in thyroid palpation, and
there was no palpable cervical lymph node. On
ultrasonography (USG), a nodule with an irregular border, 13.2 × 6.9 mm in size, was observed in
the right lobe of the thyroid. And nodules which
were 8.6 × 5.7 mm and 5.3 × 4.1 mm in size were
detected in the right lobe. A hypoechoic nodule
which was 3.8 × 2.1 mm in size was observed in
the left lobe. Also, a lymph node with a pathological appearance which is 16.7 × 6.3 mm in size was
detected in the neck on the right, next to the arteria carotis communis bifurcation (level III). A fine
needle aspiration biopsy (FNAB) was performed
on the dominant nodule in the right lobe and on
the suspicious lymph node at level III. The pathological and immunohistochemical evaluation
showed the medullar thyroid carcinoma (MTC) in
the nodule in the right lobe and the MTC metastasis in the lymph node. Therefore, serum calcitonin
was measured, and its value was 235 pg/ml (N:0–
8.4), and carcinoembryonic antigen (CEA) was
0.8 ng/ml (N:0–2.5). Before thyroid surgery, the
patient underwent laboratory and clinical investigations in order to diagnose the multiple endocrine neoplasia (MEN). Serum calcium and
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parathormone tests were measured for primary
hyperparathyroidism. Pheochromocytoma was
evaluated with the measurement of 24 h urinary
excretion rate of catecholamines. We could not
identify any pathologic findings suggesting
MEN. The patient underwent total thyroidectomy
with unilateral central compartment and right lateral neck dissection. In the postoperative pathological evaluation, the medullary cancer focus
with 8 mm in diameter and with lymphovascular
invasion was detected in the right lobe of the thyroid (Fig. 61.1). MTC cells showed positive
immunostaining for calcitonin (Fig. 61.2).
Thyroid papillary cancer classical type tumor
foci with diameters of 4 mm and 2 mm were
detected in the right lobe of the thyroid (Fig. 61.3).
In the non-tumor tissue in the right lobe, C-cell
hyperplasia and chronic lymphocytic thyroiditis
were observed (Figs. 61.1, 61.3, and 61.4). And
Fig. 61.1 The tumor
cells of MTC component
(arrows) and
lymphocytic thyroiditis
around the tumor

Fig. 61.2 The positive
immunostaining with
calcitonin in MTC cells

N. Kurtulmuş

in the left lobe of the thyroid, there were only the
findings of chronic lymphocytic thyroiditis.
Metastasis of MTC was detected in 18 lymph
nodes out of 41 in total. The tumor was evaluated
T1, N1b, and M0 (stage 4A) [1]. The level of
serum calcitonin, which was observed after the
operation, was <2.0 pg/ml (N:0–8.4) and
CEA:<0.58 ng/ml (N:0–2.5). After the operation,
the mutation analysis of the RET proto-oncogene
in the chromosome region 10q11.2 in the peripheral blood of the patient was evaluated, and
c.1585 > A(p.Glu529Lys) heterozygous variant
was identified on exon 8. This is a variant that has
not previously been defined in the literature, as
far as we know.
Because there was not any indication, radioactive iodine treatment was not applied [2].
L-Thyroxin treatment started and it has still been
under close monitoring.
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Fig. 61.3 The tumor
cells of PTC component
(arrows) and
lymphocytic thyroiditis
around the tumor

Fig. 61.4 C-cell
hyperplasia with
calcitonin
immunostaining
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Discussion

Thyroid cancers are the most common endocrine
cancers [3]. The number of the cases of thyroid
cancers has increased around three to four times
over the last 30 years [3]. More than 94% of these
cancers are differentiated thyroid cancers of papillary and follicular type, which derive from follicular epithelial cells [4]. The increase in the
incidence of thyroid cancers is observed mainly
in differentiated thyroid cancers. Poorly differentiated and anaplastic thyroid cancers represent
around 1–2%. MTC is a malignancy of parafollicular C cells that derive from neural crest, and it
constitutes 3–4% of thyroid malignancies.
Seventy-five percent of MTC is sporadic. There
is a known genetic predisposition to these tumors.
The missense mutations on exon 10 and 11 of the
rearranged during transfection (RET) proto-

oncogene lead to MTC [5]. Forty to sixty percent
of sporadic MTC cases have somatic RET mutations. H and K-Ras mutations were also reported
in the RET-negative MTC cases [5–7]. Twentyfive percent of MTC cases are hereditary. The
hereditary ones present as MEN type 2 or familial medullary cancer. Hereditary MTC has the
RET mutation with autosomal dominant
inheritance.
The activation of various pathways is started
by the various genetic and epigenetic factors
which play a role in thyroid tumorigenesis [4, 8].
The basic pathway is the mitogen-associated protein kinase (MAPK)/extracellular signal-regulated kinase (ERK). The MAP kinase/ERK
pathway functions in cell division, proliferation,
differentiation, adhesion, migration, and
apoptosis are also serving as the primary mechanism in PTC tumorigenesis. The somatic point
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mutation of BRAF, which encodes the serine/
threonine kinase functioning in this cascade, is
quite important in PTC [9]. The BRAF V600E is the
most common mutation, and there are studies
that suggest that its presence is a poorly prognostic factor [9, 10]. Apart from the mutations in the
BRAF, the mutations in the RET/PTC and RAS
genes also play a role in the pathogenesis of thyroid cancers. The RET proto-oncogene encodes
cell membrane tyrosine kinase. Concomitant
RET/PTC and BRAF mutations are reported in
papillary thyroid cancer (PTC) [8]. Epigenetic
mechanisms are essential for normal cell development and tissue-specific gene expression. In
case of a change in these mechanisms, activity or
inhibition of various signal ways occurs, which
leads to tumorigenesis. The epigenetic patterns
include the modifications on chromatin, DNA
cytosine methylation, noncoding RNA expression, and nucleosome remodeling [11, 12, 13].
Gene expression is observed in aberrant DNA
methylation, and it plays an important role in
tumorigenesis, whereas in hypomethylation gene
decrease occurs, and cancer develops as a result
of genomic instability and activation of protooncogenes [12]. Epigenetic regulations might
also be related to microRNA. Transcriptional
regulation regulates many genes related to cell
proliferation and apoptosis, and changes in these
genes may promote tumorigenesis. MicroRNA
may function as either tumor suppressors or
oncogenes depending on the affected gene. The
aberrant DNA methylation of tumor suppressor
genes and proto-oncogenes is often observed in
thyroid cancers. Certain specific tumor suppressor genes in the thyroid cancer are PTEN,
RASSF1A, TIMP3, SLC5A8, DAPK, RAPβ2,
and RAP1GAP. PTEN negatively regulates the
AKT/PKB signal way and is involved in the regulation of cell cycle [13]. In PTC and FTC, it is
reported that there is aberrant methylation in the
PTEN gene. The RASSF1A gene encodes a gene
which is similar to the RAS effector protein. The
inactivation of this gene with aberrant DNA
methylation leads to the development of cancer.
This mechanism may play a role to some extent
in PTC development. In spite of the differences
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in cell origins and pathogenesis of PTC and
MTC, they may rarely coincide in the same tumor
or may be located in the same thyroid tissue. This
concurrence does not have a clear relation with
the mechanisms defined in thyroid tumorigenesis, and it is also considered that there might be
other factors playing a role in that.
PTC and MTC coincidence was first reported
by Lamberg [14]. If PTC and MTC are in the
same tumor foci, it is called “mixed medullary
and papillary thyroid carcinoma” (MMPTC). It is
very rare with a prevalence of around 0.11%. The
coincidence of PTC and MTC on the same thyroid tissue, as in our case, is an entity which is
different from MMPTC, which is also rare [15,
16]. And it is true prevalence that is not known. In
a study, it was evaluated to be 2.6%. It has been
observed that the patients with PTC and MTC
coincidence often had micro papillary cancer
[17]. One of the hypotheses about this coincidence suggests that both the papillary and medullary tumor cells might have had the RET
proto-oncogene mutations. In PTC, around
20–40% of the cases have the point mutations and
rearrangements of the tyrosine kinase receptors
RET (ret/PTC). There are some opinions about
the pathogenesis of the PTC and MTC coincidence [15, 16, 18, 19]. One of them is the “common stem cell” theory. Stem cell derives from the
ultimobranchial body and turns into follicular epithelial cell (endoderm-derived) or parafollicular C
cell (ectoderm-derived), which is why both
tumors carry the same receptors and the immunochemical markers in spite of their different
embryological developments. A more accepted
opinion is the “field effect theory,” which suggests
a shared neoplastic stimulation simultaneously
transforms the follicle cell and the parafollicular
C cell. Another theory is the “collision theory,”
which suggests that two independent tumors are
located on the same lesion by a simple coincidence. In other words, papillary micro cancer has
already been a frequently encountered situation.
Thus it may coincide with MTC. The fourth is the
“hostage theory,” where nonneoplastic follicular
cells are trapped by the MTC and are proliferated
by the stimulation of trophic factors.
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The coincidence of PTC and MTC might be
seen in the form of single focus or multicentric in
the same lobe or the different lobes of the thyroid
gland [17–21]. There is not any factor known to
determine this distribution. The treatment of PTC
and MTC is different, just like the cells where
they derive from, and their histopathological
findings are. In PTC, lobectomy or total thyroidectomy is applied. If there is an indication, radioactive iodine is given. The mainstay of treatment
in hereditary and sporadic MTC is surgery
according to ATA guideline. The patients with
MTC who have no evidence of neck lymph node
metastases in preoperative USG examination and
no evidence of distant metastases should have a
total thyroidectomy and dissection of the lymph
nodes in the central compartment [1]. If calcitonin level is high in these patients, dissection of
lymph nodes in the lateral compartments (levels
II–V) may be considered. Patients with MTC
confined to the neck and cervical lymph nodes
should have a total thyroidectomy, dissection of
the central lymph node compartment (level VI),
and resection of the involved lateral neck compartments (level II–V). When preoperative imaging is positive in the ipsilateral lateral neck
compartment but negative in the contralateral
neck compartment, contralateral neck dissection
should be considered if the basal calcitonin level
is greater than 200 pg/ml.
PTC and MTC coincidence is generally
noticed during post-thyroidectomy pathological
diagnosis, which is why the post-operation treatment is planned according to the tumor of higher
clinical importance. Because the number of these
patients is not high, the prognosis is unclear. Case
reports from various centers would help shape a
treatment and a monitoring plan.

61.3

Outcome

Sixteen months after the operation, the patient is
alive. His serum calcitonin, CEA, and thyroglobulin levels are undetectable. There is no recurrent
cancer or metastasis.
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What Can We Learn from This Case?

• The simultaneous occurrence of PTC
and MTC in the same thyroid gland is
very rare.
• The pathogenesis of this association is
unclear.
• MEN should be evaluated clinically and
biologically if MTC is known before
thyroidectomy.
• Treatment and follow-up should be
planned separately for PTC and MTC.
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Abstract

Medullary thyroid carcinoma is a part of
“multiple endocrine neoplasia” syndromes in
25% of the cases. Surgery is the primary curative treatment modality in the management of
medullary thyroid carcinoma. Detection of the
presence and the extent of the metastatic disease is important for the appropriate therapy
planning. The contribution of two nuclear
medicine procedures 18F-FDG PET/CT’ and
68
Ga-DOTATATE PET/CT to the management
of medullary thyroid carcinoma is presented
in this section.

62.1

Case Presentation

A 22-year-old male patient with symptoms of
cough and hoarseness during the last 5 months
underwent diagnostic evaluation. Thorax computerized tomography (CT) showed a mass of 4 cm
in diameter at the right lobe of the thyroid gland
which narrows the airway and a 4.5 × 4.0 cm consolidation with irregular margins in the left lung.
Neck ultrasound (USG) revealed bilateral
hypoechoic thyroid nodules that have anarchic
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vascular architecture and bilateral cervical lymphadenopathies in levels II, III, IV, and V. Fine needle aspiration biopsy (FNAB) of the thyroid
nodule was interpreted as “suspicious,” and the
patient was referred for further evaluation. He
underwent 18F-FDG PET/CT scanning which
showed multiple FDG avid lesions in addition to
bilateral hypermetabolic thyroid nodules and
lymph nodes in the jugular chain. There were
hypermetabolic lesions in the liver, nodular uptake
in both adrenal glands, and multiple hypermetabolic foci in bones (Fig. 62.1). Pulmonary findings were considered as infectious due to the
regression between thorax CT and PET/
CT. Detailed medical history of the patient also
revealed chronic diarrhea starting from 2 years
old. On physical examination, papular tongue
lesions were detected. The family history of the
patient showed no existence of medullary thyroid
carcinoma (MTC) but papillary thyroid carcinoma in the father and two paternal aunts.
Repeated FNABs from the thyroid and also
lymph nodes revealed “medullary thyroid carcinoma.” Biochemical analyses showed abnormalities in serum calcitonin (>2000 pg/ml; normal
range, 0–10), carcinoembryonic antigen (411 ng/
ml; normal range, 0–5) and LDH (529 U/l; normal
range, 240–480) levels. According to abdominal
magnetic resonance imaging (MRI) performed
following 18F-FDG PET/CT, bilateral surrenal
gland lesions were interpreted as “pheochromocytoma” due to the hyperintense 
appearance on
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b

Fig. 62.1 Maximum intensity projection (MIP) images of
F-18 FDG (a) and Ga-68 DOTATATE (b) are shown. F-18
FDG study reveals increased metabolic activity in thyroid
nodules, jugular chain lymph nodes, liver, adrenal glands,
and bones. In the Ga-68 DOTATATE study, thyroid lesion

and jugular chain lymph nodes have faint uptake, and bone
lesions have prominent peptide uptake. The number of
bone lesions detected on Ga-68 DOTATATE was higher
when compared with F-18 FDG PET/CT. The liver lesion
did not show Ga-68 DOTATATE avidity

T2-weighted images and no evidence of lipid content in-phase/out-of-phase imaging. MRI also
showed additional multiple metastatic liver lesions
apart from those lesions detected on 18F-FDG
PET/CT.
The patient was considered inoperable due to
multiple metastatic involvement, and chemotherapy was started by medical oncology.
During the follow-up period, the patient
underwent a 68Ga-DOTATATE PET/CT. Liver

lesions detected on 18F-FDG PET/CT and/or
on MRI and thyroid lesions did not show
increased 68Ga-DOTATATE uptake. Bilateral
lymph nodes in the jugular chain had moderately and bone lesions had significantly
increased 68Ga-DOTATE uptake. In the retroperitoneal area, a lymph node with low metabolic activity on 18F-FDG FDG PET/CT is
found to have high 68Ga-DOTATATE avidity
(Figs. 62.1 and 62.2).
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b

Fig. 62.2 Among metastatic involvements, bone lesions had more prominent Ga-68 DOTATATE uptake. It shows
uptake patterns of F-18 FDG (a) and Ga-68 DOTATATE (b) in right iliac and sacral metastatic lesions

62.2

Discussion

62.2.1 Evaluation and Diagnosis
Medullary thyroid carcinoma (MTC) accounts
for 3–5% of thyroid cancers. It is a neuroendocrine tumor originating from parafollicular
C-cells of the thyroid gland [1]. MTC is a component of multiple endocrine neoplasia (MEN) type
2 syndromes in 25% of the cases [2]. MEN 2 syndromes consist of three main subtypes. While the
co-occurrence of MTC, pheochromocytoma, and
parathyroid hyperplasia or adenoma is the characteristic of MEN 2A, the presence of pheochromocytoma, mucosal neuromas, intestinal
autonomic ganglion dysfunction, medullated corneal fibers, and marfanoid habitus with MTC is
typical for MEN 2B. In “familial MTC,” the third
form of MEN syndromes, MTC is not associated
with additional pathology [3]. Both MEN 2A and
MEN 2B have autosomal dominant inheritance
pattern which activates germline mutations of the
ret proto-oncogene [4]. Most of the diagnosed
cases (75%) have de novo mutations [5].
In the current case having the diagnosis of
MTC according to thyroid and lymph node biopsies, with the contribution of 18F-FDG FDG PET/
CT findings and histopathological analysis of the
papular tongue lesion that revealed “mucosal neuroma,” diagnosis of MEN 2B syndrome is sup-

ported. Being a component of MEN 2B syndrome,
mucosal neuromas are usually located on the lips,
tongue, or buccal mucosa. Mucosal neuromas
when detected especially in early childhood may
allow early diagnosis of the MEN 2B, and therefore MTC which is a life-threatening malignancy
can be prevented by total thyroidectomy [6].
Most patients with MEN 2B have gastrointestinal symptoms that precede the development of
MTC. Symptoms usually start in the infancy
period. Gastrointestinal ganglioneuromatosis
which is defined as hyperplasia of the myenteric
plexus and hypertrophy of ganglion cells is the
main etiological factor for most of the gastrointestinal symptoms in patients with MEN 2B and may
occur anywhere along the gastrointestinal tract
[7]. On the other hand, biopsy specimens obtained
from different sites of the colon and rectum at the
time of diagnosis in our case did not reveal ganglioneuromatosis that might indicate chronic diarrhea. However, 6 months after the diagnosis, the
patient developed sigmoid colon perforation.
Sigmoid colon resection and colostomy operations were performed. Histopathological evaluation showed neuronal plexus hypertrophy, and
ganglia cells increased in number.
In the initial staging of a patient with MTC,
lymph node involvement is a frequent finding
reaching an incidence of 80%. Bone, liver, and
lung metastases are less frequent with an inci-
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dence of 10–15%. The surgical approach including total thyroidectomy and neck dissection is the
standard approach in patients without metastatic
disease and elevated basal serum calcitonin, and
carcinoembryonic antigen levels following surgery suggest residual tumor tissue [8]. The
American Thyroid Association (ATA) recommends neck USG if serum calcitonin is below
150 pg/ml. If calcitonin is greater than 150 pg/ml,
imaging modalities including CT, MRI, and
nuclear medicine procedures should be considered [9]. Among nuclear medicine procedures,
newer techniques including PET/CT using 18F-
FDG and 68Ga-labeled somatostatin analogs are
preferred over previously used technetium-99m
pentavalent dimercaptosuccinic acid (Tc-99m
DMSA-V), iodine-123-labeled metaiodobenzylguanidine (I-123 MIBG), and 111indium-octreotide
(111In-octreotide) scans with advantages of higher
sensitivity and superior imaging characteristics.
18
F-FDG PET/CT has become widely available in the last decade and is currently a mainstay
in oncology practice. Although the sensitivity of
18
F-FDG PET/CT in MTC is lower when compared with other malignancies, it is still reasonable (64–72%) especially when calcitonin
doubling time is short [10].
Somatostatin, an endogenous peptide, is
secreted by a group of cells including neuroendocrine, activated immune, and inflammatory cells
[11]. Somatostatin binds to one of five types of
somatostatin receptors (SSTR1–SSTR5). Like
other neuroendocrine tumors, MTC expresses
somatostatin receptors (SSTR) on the cell membrane. SSTR2 is the most commonly expressed
receptor type [12]. Therefore, radiolabeled somatostatin analogs can be used in the imaging of
MTC. Two main radionuclide somatostatin receptor imaging modalities are available in current
practice. In-111 octreotide is introduced earlier
and is used in SPECT in SPECT/CT systems.
More recently, 68Ga-labeled somatostatin analogs
are popularized with the advantages of high-
affinity SSTR2 and superior imaging properties
of PET over SPECT imaging. Another yield of the
radiolabeled peptide imaging is to reveal the suitability for the radionuclide therapy in inoperable
cases [13]. The case presented had multiple thyroid medullary carcinoma lesions having

increased F-18 FDG uptake and a hypermetabolic
liver lesion that did not show 68Ga-DOTATATE
uptake. On the other hand, 68Ga-DOTATATE scan
revealed the existence of somatostatin receptors in
jugular lymph nodes, in bone lesions, and also in
a retroperitoneal lymph node which is not hypermetabolic on 18F-FDG FDG PET/CT. The review
of the relevant literature, in accordance with the
case presented here, shows that neither 18F-FDG
PET/CT nor Ga-68-labeled somatostatin analogs
perfectly detect the extent of the disease. When
two modalities are compared, a clear superiority
was not found between 18F-FDG and Ga-68 peptide PET/CT in terms of sensitivity [8, 14].

62.3

Follow-Up and Clinical
Course

Currently, the patient is in follow-up for 5 years.
Having multiple metastatic lesions, he is considered inoperable and treated with chemotherapeutic agents. 18F-FDG PET/CT scans obtained
during this period showed stable disease.
Radionuclide therapy using Lu-l77-labeled
somatostatin analog remains as an option.

What Can We Learn from This Case?

• Surgery is the primary curative modality
in the management of MTC. However,
patients with metastatic disease are considered inoperable. Detection of mucosal neuromas on physical examination or
detection of gastrointestinal ganglioneuromatosis in patients having gastrointestinal symptoms especially in infancy
period may provide early diagnosis and
therefore the cure for the disease.
• 18F-FDG PET/CT and Ga-68-labeled
somatostatin receptor imaging studies
should be considered as complementary
in the detection of the extent of the
disease.
• Inoperable patients having increased
radiolabeled somatostatin analog uptake
are candidates for radionuclide therapy.
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Hurthle Cell Carcinoma
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Elgin Özkan and Çiğdem Soydal

Abstract

Hurthle cell carcinoma (HCC) is a histopathologic variant of follicular thyroid carcinoma.
HCC is more aggressive than follicular tumors.
It causes more nodal metastases than follicular
cancer, and it has the highest metastatic frequency among the differentiated thyroid cancers. In this report, we describe a 50-year-old
female patient who presented with an enlarging palpable mass in the left thyroid lobe for
3 years. Neck ultrasonography (USG) demonstrated a 4 × 2.5 × 4 cm heterogeneous
isoechoic nodule in the left thyroid lobe. There
was no pathologic lymph node on USG. The
patient underwent a left hemithyroidectomy,
and histopathological examination of the surgical specimen revealed a Hurthle cell carcinoma with a maximum diameter of 4.2 cm.
Radioiodine ablation treatment (RAT) with
3700 MBq (100 mCi) iodine-131 (131I) was
applied approximately 2 months after the operation. Six months after the RAT, diagnostic
whole-body scintigraphy with 185 MBq
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(5 mCi) 131I was performed. The serum-stimulated Tg level and the 131I whole-body scintigraphy were entirely normal. There has been no
evidence of disease, on the 8-year follow-up
period. Despite of good response to therapy,
due to high risk of HCC, the patient is still
under close follow-up.

63.1

Case Presentation

In this report, we describe a 50-year-old female
patient who presented with an enlarging palpable
mass in the left thyroid lobe for 3 years. A
4.5 × 4.5 cm mobile mass was palpated in the left
thyroid lobe upon physical examination. Neck
ultrasonography
(USG)
demonstrated
a
4 × 2.5 × 4 cm heterogeneous isoechoic nodule in
the left thyroid lobe. Additionally, a 0.7 cm
isoechoic nodule with a hypoechoic outer halo
was observed in the right thyroid lobe. There was
no pathologic lymph node on USG. Serum thyroid function tests were compatible with euthyroidism. Thyroid fine needle aspiration biopsy
(FNAB) revealed a Hurthle cell neoplasm. The
patient underwent a left hemithyroidectomy, and
histopathological examination of the surgical
specimen revealed a Hurthle cell carcinoma
(HCC) in the left thyroid lobe with a maximum
diameter of 4.2 cm. Additionally, capsular and
vascular invasion was detected during the
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h istopathological examination. Following lobectomy, a completion thyroidectomy was performed. Histopathological analysis revealed no
tumor in the right thyroid lobe. Radioiodine ablation treatment (RAT) with 3700 MBq (100 mCi)
iodine-131 (131I) was applied approximately
2 months after the operation. The serum thyroidstimulating hormone (TSH) and thyroglobulin
(Tg) levels were measured as 32 IU/ml and <0.5
ng/ml, respectively. Radioiodine uptake limited
to the thyroid bed was observed on postablative
whole-body scintigraphy. Six months after RAT,
a diagnostic whole-body scintigraphy with
185 MBq (5 mCi) 131I was performed to evaluate
the success of the ablation. The serum-stimulated
Tg level and the 131I whole-body scintigraphy
were normal. There has been no evidence of disease over an 8-year follow-up period.

63.2

Evaluation and Diagnosis

Hurthle cell carcinoma of the thyroid gland
accounts for approximately 2–10% of all differentiated thyroid cancers [1, 2]. HCC, which is
also known as oncocytic or oxyphilic carcinoma,
is classified as a variant of follicular thyroid carcinoma [3]. HCC contains at least 75% Hurthle
cells, or oxyphilic cells, which have abundant
granular cytoplasm because of an extreme number of mitochondria and a large nucleus [4].
Hurthle cells are also observed in nonneoplastic
conditions of the thyroid gland, such as thyroiditis and nodular and toxic goiters. The cytological
features of Hurthle cell neoplasms are hypercellularity of the Hurthle cells (usually >75%),
few or no lymphocytes, and insufficient or absent
colloid. A benign neoplasm cannot be distinguished from a malignant neoplasm based on
cytological analysis of FNAB samples. The
definitive differentiation of Hurthle cell carcinoma from Hurthle cell adenoma is based on histopathological analysis and the presence of
capsular and/or vascular invasion [5]. The incidence of malignancy in Hurthle cell neoplasms
varies between 13% and 67%. Hurthle cell
tumors are more aggressive than follicular
tumors. HCC has the potential to cause more

nodal metastases than follicular cancer, although
not as many as papillary cancer. Additionally,
HCC has the highest metastatic frequency among
the differentiated thyroid cancers [6–8].
A palpable mass in the thyroid is the most
common clinical sign of Hurthle cell neoplasms.
In certain cases, pressure symptoms, such as dysphagia, dyspnea, and coughing, can accompany
HCC. If the mass rapidly enlarges, pain and other
compressive symptoms may be more obvious. In
our case, the patient had a growing palpable mass
for the last 3 years, and she did not have local
pressure symptoms.
Hurthle cell carcinoma can be multifocal and
bilateral, and regional lymph node metastasis
may occasionally also be felt in the neck. Careful
collection of the patient’s history and an attentive
neck examination can provide clues regarding
Hurthle cell carcinomas. In particular, the presence of a family history of thyroid cancer and the
history of head and neck external beam irradiation should be questioned. Vocal cord paralysis
may also indicate a carcinoma. The presence of
pathological bone fractures and physical findings
of metastases are essential for the diagnosis of a
carcinoma.
In most cases, thyroid function test results are
concordant with euthyroidism. Accordingly, in
our case, the thyroid function tests were normal.
However, in rare instances, thyrotoxicosis due to
functional metastases may be observed.
Neck USG is a vital imaging modality for the
evaluation of the nature of thyroid nodules and
the neck lymph nodes. Computed tomography
(CT) and magnetic resonance imaging (MRI)
also provide more detailed information regarding
the tumor and adjacent neck structures.
According to the 2015 ATA guideline, diagnostic FNAB is recommended, especially in the presence of a nodule ≥1 cm in the greatest dimension
with a sonographic pattern of high or intermediate
suspicion and in the presence of a nodule ≥1.5 cm
in the greatest dimension with a sonographic pattern of low suspicion [9]. However, FNAB cannot
differentiate an adenoma from a carcinoma in
Hurthle cell lesions. Definitive differentiation is
based on histopathological analysis and the presence of capsular and/or vascular invasion.
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63.3

Management

The surgical approach is the primary treatment
modality for patients with Hurthle cell carcinomas. According to the 2015 ATA guideline, all
patients with differentiated thyroid carcinomas
should undergo total or near-total thyroidectomy
[9]. The ATA recommendation 35 states that, in
the presence of a thyroid tumor >1 and <4 cm
without extrathyroidal extension and without the
clinical manifestations of any lymph node metastases, a unilateral procedure can be selected. In
our case, a histopathological examination of the
surgical specimen revealed a Hurthle cell carcinoma, i.e., a high-risk tumor, with a diameter of
4.2 cm in the left thyroid lobe. Additionally, the
patient was older than 45 years. Completion thyroidectomy was applied to enable RAI therapy.
No tumor was detected in the surgical specimen.
Approximately 2 months after the last operation,
a treatment dose of 131I (3700 MBq) was administered, and a total body scan was obtained 6 days
later. Radioiodine uptake limited to the thyroid
bed was observed on the postablative wholebody scintigraphy. Postoperative 131I or 123I scanning can also be performed 4–6 weeks after
surgery. In our department, we do not use routine
postoperative iodine scintigraphy because of
stunning effect of 131I. Low-dose (37–111 MBq)
131
I or alternative isotopes, such as 123I, can be
used to avoid or prevent this effect.
Because the 131I avidity of Hurthle cell carcinomas is lower than those of other well-differentiated thyroid carcinomas, the efficacy of
radioiodine treatment is limited. Therefore, therapy for recurrent or metastatic Hurthle cell carcinoma may be difficult. However, radioiodine
treatment is used as a first-choice treatment for
most patients with HCC after thyroidectomy and
in the treatment of recurrent and metastatic HCC
patients. In a recent study involving 1909 cases,
the authors reported that radioactive iodine therapy improved the survival of patients with HCC
[10]. According to the findings of this study, the
5- and 10-year survival rates of patients who
received 131I and those who did not were statistically significant (88.9% vs. 83.1% and 74.4% vs.
65%, respectively, p < 0.001).

401

63.4

Follow-Up and Outcome

Although HCC is a histopathologic variant of follicular carcinoma, it exhibits differences in biological behavior compared to the conventional
type of follicular carcinoma. Because of the ability of HCC to metastasize to the lymph nodes and
possibly higher rates of recurrence and tumorrelated mortality, close follow-up is most critical
for HCC patients. Specifically, neck USG can
identify small-volume metastatic cervical lymph
nodes. In cases of suspected lymph nodes, serum
Tg measurements in the washout of fine needle
aspirates and/or cytological evaluations may be
applied. The surgical approach is the first choice
for the management of recurrent HCC. However,
in cases of metastatic disease, due to low avidity
for 131I, other methods, such as tyrosine kinase
inhibitors, can be selected for multiple progressive metastatic diseases [11]. Chemotherapy is
generally ineffective for metastatic thyroid carcinomas. The 2015 ATA guideline indicates a weak
recommendation for the use of cytotoxic chemotherapy. Cytotoxic chemotherapy may provide a
selective benefit to patients who do not respond
to kinase inhibitors and, perhaps, to patients with
poorly differentiated thyroid cancers [12].
External radiotherapy may be applicable to
symptomatic metastatic disease and iodine-negative tumors and can also be used to control recurrent tumors [13].
Although HCC is more aggressive than follicular carcinoma, our patient’s clinical course
was excellent. The good clinical outcome may be
associated with the absence of local recurrence
and/or metastatic disease in the follow-up.

63.5

Future

Hurthle cell carcinomas have low avidity for
131
I. Non-radioiodine avid metastatic thyroid carcinomas create a particularly challenging patient
group. Surgical resection can be performed in
cases with a limited number of metastases. In
addition to tyrosine kinase inhibitors, new targeted
treatments should be developed. Regarding radionuclides, Lu-177 DOTA-peptide treatment has
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been reported to be an alternative option for somatostatin receptor-expressing tumors. However,
large prospective studies with large numbers of
patients should be designed to reveal the effectiveness of Lu-177 DOTA-peptide treatment.

What Can We Learn from This Case?

• Hurthle—oncocytic or oxyphilic—cell
carcinoma is a histopathologic variant
of follicular thyroid carcinoma.
• It contains hypercellularity of Hurthle
cells (usually >75%).
• Definitive diagnosis is based on histopathological analysis, with a presence of
capsular and/or vascular invasion.
• Hurthle cell carcinoma is more aggressive
than follicular tumors. It causes more
nodal metastases than follicular cancer,
and it has the highest metastatic frequency
among the differentiated thyroid cancers.
• Hurthle cell carcinoma has lower 131I
avidity than the other well-differentiated
thyroid carcinomas.
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Thyroid Lymphoma
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Dilek Yazıcı

Abstract

Thyroid lymphomas typically present as rapidly growing masses in the thyroid gland, with
or without causing compression symptoms.
They are usually of B-cell origin and are seen
as mucosa-associated lymphoid tissue
(MALT) lymphoma. The patients are mostly
euthyroid. The best method to diagnose thyroid lymphoma is through incisional or core
biopsy. These tumors respond well to combination of chemotherapy (mostly commonly
CHOP regimen) and radiotherapy. Rituximab
may be added in diffuse large cell lymphomas
to increase the efficacy of therapy.

64.1

Case Presentation

A 38-year-old woman presented with the complaint of swelling on the right side of her neck.
She did not have any pain, tenderness, hoarseness, or dysphagia. She also did not have any
symptoms of thyrotoxicosis, like palpitations,
tremor, sweating, or weight loss. She did not have
a personal history of radiotherapy to the neck
D. Yazıcı
Koç University Medical School,
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Istanbul, Turkey

region. She had no one in the family with thyroid
disease. In her laboratory findings, while the TSH
was normal, antithyroglobulin antibody level was
elevated (806.7 IU/mL; normal <115 IU/mL).
The thyroid ultrasonography (USG) revealed a
heterogeneous thyroid parenchyma, revealing
thyroiditis. There was a heterogeneous,
hypoechoic region that is 26 × 16 × 29 mm in the
right lobe next to the isthmus. The fine needle
aspiration biopsy (FNAB) performed revealed
benign thyrocytes and also lymphoid cells.
The patient was very bothered about the swelling and went to another center within a month’s
time, while again her only symptom was swelling. The new TSH level was 5.74 mU/L and the
new USG performed showed three nodules in the
right lobe [16 × 12 mm hypoechoic solid nodule,
22 × 12 mm well-contoured hypoechoic solid
nodule, and three areas (26 × 17 mm, 23 × 12 mm,
and 17 × 11 mm) that cannot be differentiated
between focal thyroiditis regions and nodule].
There was no nodule in the left lobe. An FNAB
was repeated from the largest hypoactive nodule
in the right lobe. “The aspirate contained degenerated lymphoid tissue, which might be indicative of lymphocytic thyroiditis,” was the result of
the cytological examination.
A few days after the biopsy, there appeared a
fast enlarging mass in the isthmic region. The
mass was initially rubbery but became hard
within a few days’ time (Fig. 64.1). The cervical
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Fig. 64.1 Mass in the neck

magnetic resonance imaging study (MRI)
revealed multiple nodules in the right lobe. The
margins of the nodules cannot be differentiated
from each other. There was a lobulated mass in
the midline starting from the isthmus, extending
to the vocal cords and anteriorly to the skin
beyond the hyoid. The mass had similar signal
properties as the nodules in the thyroid gland and
was considered as a nodule, originating from thyroid tissue, possibly from a remnant in the thyroglossal duct. The surrounding fat planes were
spared, and there was no invasion. There was also
no lymphadenopathy (Fig. 64.2).
The FNAB of the new mass had lymphoid
series cells and histiocytic cells. There were no
thyroid follicular cells or Hurthle cells in the
aspirate. Then excisional biopsy was performed.
There was a 14 × 10 mm mass in the midline
extending from the hyoid bone to the thyroid
gland. The mass was fixed to the surrounding tissues. There were nodules of similar characteristics in both thyroid glands.
The pathology was consistent with high-grade
B-cell lymphoma, consisting of undetermined

Fig. 64.2 Axial slices of MRI images showing lobulated mass in the midline of the neck (arrow)
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follicular pattern that is infiltrating the fat and
muscle planes. Immunocytochemistry was consistent with CD20 +;Bcl6 +;Bcl2 +; Pax5 +; CD5
−;CD3 −;cyclin D1 −. F-18 FDG position emission tomography/computed tomography (PET/
CT) revealed highly hypermetabolic, lobulated
mass lesion or conglomerated multiple lymph
nodes in the right thyroid lobe that is extending to
the upper cervical region and the skin, beyond the
hyoid bone. There were also medium to highly
hypermetabolic lymph nodes at the left cervical
level VI (Fig. 64.3).

64.2

Discussion

Primary thyroid lymphoma (PTL) is defined as a
lymphoma involving only the thyroid gland or
the thyroid gland and regional lymph nodes without contiguity or metastasis of other areas at the
time of diagnosis [1]. The secondary thyroid
lymphoma originates from a non-thyroidal region

Fig. 64.3 MIP and
axial slices of PET, CT,
and fusion images
showing
hypermetabolic,
lobulated mass lesion or
conglomerated multiple
lymph nodes in the right
thyroid lobe
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and metastasizes to the thyroid gland. It is important to differentiate between the two tumors as
the approach differ significantly [2]. Thyroid
lymphomas constitute 2.5% of all non-Hodgkin
lymphomas and 2–8% of thyroid malignancies
[3]. It is of B-cell origin and is usually seen as
mucosa-associated lymphoid tissue (MALT)
lymphoma [3]. Diffuse large B-cell lymphoma
(DLBCL) is the other type that may be observed.
The pathology of our patient was consistent with
high-grade B-cell lymphoma. The presence of
other types of lymphoma, such as follicular lymphoma or small B-cell lymphoma, is less frequent, and T- cell lymphoma, Burkitt lymphoma,
and Hodgkin lymphoma are extremely rare [4]. It
is mostly seen in female patients and in the seventh decade of life [5]. The suggested mechanism
explaining the occurrence of these neoplasms in
elderly patients may be that the development of
these neoplasms takes many years before they
become clinically evident [6]. Our patient was
younger compared to the literature. Most
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individuals are euthyroid at presentation, but
10% may be hypothyroid [7]. They are usually
diagnosed in stage IE (according to the Ann
Arbor staging system), with the disease being
confined to the thyroid gland, or stage IIE characterized by the involvement of the lymph nodes on
the ipsilateral side of the diaphragm. Stages IIIE
and IVE are rarely reported [6]. The staging of
the presented patient was Stage IIE, with metastatic lymph nodes in the neck region.
It is generally observed in patients with a
background history of chronic thyroiditis.
Hashimoto’s disease is associated with more
than 90% of the PTL in some reports [7]. There
is increased risk of MALT lymphoma in patients
having autoimmune thyroid disease. The pathophysiology is suggested to be originating of the
lymphoma from intrathyroidal lymphoid tissue
during the course of chronic inflammation or an
autoimmune process. Chronic antigenic stimulation and proliferation of lymphoid tissue are
proposed to increase the susceptibility to neoplastic transformation in the lymphoid tissue
[8]. Presence of MALT lymphoma in the organs
that physiologically do not contain lymphoid
tissue has suggested lymphocytic proliferation
of inflammatory origin [9]. DLBCL is usually
seen as a result of MALT transformation. The
presence of mixed lymphomas (MALT/
DLBCL) in the same patient confirms this
transformation [9]. Our patient, being DLBLC
in the presence of lymphocytic thyroiditis, may
be consistent with a possible transformation
from MALT lymphoma.

64.2.1 Evaluation and Diagnosis
Primary thyroid lymphomas usually present as a
rapidly enlarging anterior cervical mass that
may or may not be associated with lymphadenopathy. The patient may experience symptoms
of compression such as hoarseness, dyspnea,
and dysphagia [9]. Compression from rapidly
growing mass results in narrowing of the trachea leading to stridor and, in some cases, unilateral or bilateral right laryngeal nerve palsy
leading to hoarseness. Dysphagia and superior
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vena cava syndrome are rare in these tumors
[10]. There is even a case reported that has presented with severe respiratory dyspnea [9].
Some patients may present with B-symptoms:
fever, nocturnal sweating, weight loss, and
enlarged cervical lymph nodes [10]. On the
other hand, the patient may be asymptomatic,
and the diagnosis may be established incidentally during FNAB or surgery. In the index case,
the tumor presented as a very rapidly enlarging
mass that even invaded the skin in about 10 days’
time. Preoperative diagnosis can be established
using USG and FNAB along with immunochemistry and flow cytometry [9]. FNAB has
low sensitivity and specificity in the diagnosis
of MALT lymphomas, so core biopsy or excisional biopsy may be required for definitive
diagnosis [11]. Especially differentiating
between thyroid lymphoma, lymphocytic thyroiditis, and anaplastic carcinoma may be difficult in some cases [12]. There are several small
retrospective studies that have demonstrated
increased 
sensitivity and specificity with the
introduction of other techniques such as flow
cytometry and immunohistochemical studies or
molecular techniques such as polymerase chain
reaction (PCR) [12]. No correlation has been
shown between the Ki-67 index and the extent
of the tumor [9]. In our patient, the FNAB of the
mass had lymphoid series cells and histiocytic
cells, but there were no thyroid follicular cells
or Hurthle cells in the aspirate. Thus the diagnosis could be determined through an excisional
biopsy. Immunocytochemistry was performed
on this material.
USG usually reveals a diffuse mass, with
marked hypoechogenicity. There is again a diffuse homogeneous enhancement pattern in contrast-enhanced USG, which is helpful for
detecting necrotic areas of PTL [13]. The ultrasonography in our patient was not very helpful
since there was not a diffuse infiltration, but there
were a few hypoechoic thyroid nodules.
Computed tomography (CT) enables visualization of the tumor size as well as its relationship to
vital structures of the neck and their possible
infiltration. MRI does not have an advantage over
CT and is used mostly in the planning of r adiation
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therapy [9]. F-18 FDG PET/CT can be used to
determine the stage or extent of thyroid lymphoma and also for follow-up after treatment. No
typical features have been suggested for these
lesions on CT, MRI, or PET scan [9].
Determining the extent of the disease is important for estimating the prognosis and the therapeutic strategies. MALT thyroid lymphoma cases
are staged on the basis of the international prognosis index (Table 64.1) [14].

64.2.2 Management
MALT lymphomas have a slow progression and
better prognosis (survival of 75–100%), whereas
diffuse large B-cell lymphomas have a more
aggressive course [3]. The therapy depends on the
histologic type, invasion, and prognostic factors.
There are controversies regarding the optimal
management of thyroid lymphomas. The usual
management approach is combined chemotherapy with locoregional radiotherapy. Surgery alone
is only recommended for intrathyroidal MALT
lymphoma [15]. Surgery may also be used as palliative therapy for the compressive symptoms
associated with the tumor [16]. It is especially
emphasized that tracheostomy can preferentially
be avoided; instead, endoscopic stenting of tracheal stenosis may be performed, as the results of
medical treatment may be awaited [9]. Debulking
and cytoreductive operations are not recommended since they increase the risk of postoperative complications, and they affect the course of
the radiation therapy and evaluation of response
in the follow-up imaging. Corticosteroids may be
used to alleviate the compressive symptoms associated with the tumor [9].
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Radiotherapy alone is the only suggested therapy for localized stage IE tumors usually achieving remarkable local control in most of the cases.
It may also be used as consolidation after systemic therapy or palliation. Site radiotherapy,
involved-node radiotherapy, and irradiation of
residual tissue after full-course therapy are the
usual modes of radiotherapy that are used in the
management of thyroid lymphomas [17].
The conventional chemotherapeutic regimen
for all PTL includes cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP).
Rituximab may be added in more aggressive cases.
The therapeutic response is rapid with these regimens. However, the addition of radiotherapy to
chemotherapy has increased the complete response
rates and overall survival rates, along with the
reduction of relapse [18]. The 5-year survival rate
for primary thyroid lymphomas is 50–70% ranging to 90% in lesions confined to the gland (IE)
and 20–50% for those with extracapsular invasion.
For stages IIIE and IVE, these rates go down to
15–35% [19]. The prognosis depends on the histological classification of the tumor and the stage of
the disease. MALT lymphomas have a better prognosis than DLBCL. They are more indolent and
have a favorable therapeutic response. Clinical
factors that predict a worse prognosis include
tumor size over 10 cm, advanced stage (greater
than stage IE), presence of local obstructive symptoms, rapid tumor growth, mediastinal involvement, age > 60 years, and elevated LDH and b2
microglobulin levels [12].

64.3

Follow-Up and Outcome

Our patient was then given six cycles of R-CHOP
(rituximab-CHOP) therapy. The PET/CT performed revealed no hypermetabolic foci in the
follow-up after the chemotherapy ended.

Table 64.1 International prognosis index
International prognosis index for MALT-omas
MALT-oma located within the thyroid (1E)
MALT-oma located within the thyroid and regional
lymph nodes (2E)
MALT-oma located at both sides of the diaphragm (3E)
Disseminated MALT-oma

64.4

The Future

Combination of chemotherapy and radiotherapy
has been shown to provide the best regimen for
thyroid lymphomas, both the MALT lymphomas
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and the diffuse B-cell lymphoma. The chemotherapy protocol that is most commonly used is
the CHOP scheme. The addition of rituximab, a
monoclonal antibody anti-CD20, to the treatment
protocol has improved disease-free and overall
survival in DLBCL. Perhaps different molecular
disease-specific agents may be developed in the
future for these kinds of lymphomas.

What Can We Learn from This Case?

• Primary thyroid lymphomas should be
considered in the differential diagnosis
of a fast enlarging nodule of the
thyroid.
• The best diagnostic workup method for
thyroid lymphomas is excisional or core
biopsy.
• Most commonly observed thyroid lymphoma is MALT lymphoma, but
DLBCL may also be observed.
• These tumors respond to chemotherapy
(CHOP regimen) combined with radiotherapy successfully. Rituximab may be
added in diffuse large cell lymphomas
to improve disease-free and overall
survival.
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Breastfeeding
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Abstract

In a 34-year-old female patient, 1.2 cm thyroid nodule was detected in the right lobe of
the thyroid in neck ultrasound. Classical type
of thyroid papillary carcinoma was confirmed
after histopathological examination of thyroidectomy specimens.
Radioiodine ablation had been planned.
However, the patient had been breastfeeding.
Since radioiodine is contraindicated, breastfeeding had been ceased. In order to expedite
of delectation period, cabergoline was used.
Tc-99m (technetium) pertechnetate scintigraphy was performed to demonstrate any mammary uptake of the patient before ablation.
There was no Tc-99m pertechnetate uptake in
mammary glands. The patient had been given
100 mCi I-131 for ablation. At post-ablative
whole-body I-131 scintigraphy, there was no
pathological uptake both in the neck region
and in mammary glands.
In summary in women who are breastfeeding,
lactating must be stopped before radioiodine
treatment (ablation or metastasis). Some lactation inhibition medications could be used in
order to quicken the procedure. In order to control any mammary gland uptake, I-123 or Tc-99m
pertechnetate scintigraphy could be used.
H. Demir
Department of Nuclear Medicine, School of Medicine,
Kocaeli University, Kocaeli, Turkey

65.1

Case Presentation

In a 34-year-old female patient, 1.2 cm thyroid
nodule was detected in the right lobe of the thyroid in neck ultrasound (USG). Classical type of
thyroid papillary carcinoma was determined
according to the histopathological examination
of fine needle aspiration biopsy (FNAB) of the
nodule. For treatment bilateral total thyroidectomy was performed. Classical type of thyroid
papillary carcinoma was confirmed after histopathological examination of thyroidectomy specimens. The tumor had no capsule. Perineural
invasion, multicentricity, and lymphovascular
invasion were not detected. Radioiodine ablation
had been planned after the operation. However,
the patient had been breastfeeding her baby, at
6 months age. Since radioiodine could be secreted
to milk, it might be hazardous for the baby and
mammary of the patient. For these reasons,
breastfeeding had been ceased. In order to expedite of delactation, cabergoline 0.5 mg every
other day for 6 weeks was used. No adverse effect
was observed due to medication. Lactation had
stopped 2 months later. In hypothyroid state,
whole-body, Tc-99m (technetium) pertechnetate
scintigraphy was performed to demonstrate any
mammary uptake of the patient. There was no
Tc-99m pertechnetate uptake in mammary glands
of the patient (Fig. 65.1). In hypothyroid state
(TSH = 71.6 mIU/l), thyroglobulin (Tg) and antithyroglobulin (anti-Tg) values were normal
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Fig. 65.1 Whole-body
Tc-99m pertechnetate
scintigraphy. Ten mCi
Tc-99m pertechnetate
was injected
intravenously. Twenty
minutes later anterior
whole-body images
were obtained using a
double-head SPECT
system (Infinia, GE
Medical Systems,
Milwaukee, WI, USA).
There was no Tc-99m
pertechnetate uptake in
the mammary glands of
the patient

(0.20 ng/ml and 21.1 IU/ml, respectively). One
week later, 3700 MBq (100 mCi) I-131 (radioiodine) was given orally to the patient for remnant
ablation. At the seventh day of ablation, postablative whole-body I-131 scintigraphy was performed (Fig. 65.2). There was no pathological
uptake both in the neck region and in the mammary glands of the patient. After 9 months five
mCi I-131 was given to the patient for control
whole-body scintigraphy when the patient’s
TSH, Tg, and anti-Tg were 92 mIU/l, <0.2 ng/ml,
and <2.2 IU/ml, respectively. There was no pathological uptake in that scintigraphy (Fig. 65.3).

65.2

Discussion

Primary curative treatment of well-differentiated
thyroid carcinoma is known for that surgery. On
the other hand, radioiodine (I-131) has been used
efficiently not only for thyroid remnant ablation
but also for metastasis of well-differentiated thyroid carcinoma. According to practice guidelines,
ablation with I-131 is effective for preventing
local recurrence of well-differentiated thyroid

carcinoma [1–3]. Although there are some conflicts between procedure guidelines for indications of radioiodine ablation, usually it is
recommended for thyroid cancer patients with
high-risk factors (1–3). Tg is considered as a very
useful tumor marker of well-differentiated thyroid cancer. After successful ablation of thyroid
remnants, Tg is not detectable. This circumstance
simplifies the follow-up of thyroid cancer
patients, because any rise in Tg means that local
recurrence or metastasis is present. Remnant
ablation of thyroid cancer patients with radioiodine at least provides enhancement of sensitivity
of Tg results. At the same time, ablation of the
thyroid increases the sensitivity and specificity of
whole-body I-131 scintigraphy in follow-up
period [1].
Since I-131 could cross the placenta and be
secreted to milk, radioiodine is contraindicated in
pregnant and breastfeeding patients [1–3]. In a lactating patient, usage of I-131 exposes the patients’
mammary and baby to unnecessary radiation. This
radiation could cause radiation damage to baby’s
thyroid and other organs. Also, it is theoretically
carcinogenic for the baby and patients’ mammary.
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Fig. 65.2 Post-ablative
whole-body I-131
scintigraphy. At the 7th
day of ablation,
post-ablative wholebody I-131 scintigraphy
was performed by the
same gamma camera.
There was no
pathological uptake both
in the neck region and in
the mammary glands of
the patient

Therefore, breastfeeding must be ceased in patients
who are a candidate for radioiodine remnant ablation or treatment of metastasis of well-differentiated thyroid carcinoma. Lactation could be
disappeared spontaneously after stopping of
breastfeeding. However, sometimes it may prolong and cause delaying of radioiodine treatment.
In this situation, lactation inhibition medications
such as bromocriptine and cabergoline may be
used for acceleration of delactation [3]. Therefore,
we preferred to use cabergoline in the present case.
It provided ceasing of lactation quickly and efficiently. In order to be sure that there was no mammary gland uptake, 123I or Tc-99m pertechnetate
scintigraphy could be performed as a guidance of
radioiodine ablation timing. Cellular uptake of 123I
is the same for I-131. I-131 has beta and gamma
energy, whereas 123I has only gamma radiation.
Therefore, 123I has no destructive effects. However,

I is expensive and has availability problems
because it is produced in the cyclotron. In spite of
that, 99m Tc pertechnetate is a pure gamma emitter
agent, cheap, and routinely available in any nuclear
medicine department since it is produced from the
generator. At the same time, uptake of 99mTc
pertechnetate in the epithelial cells of the breast,
like that of iodide, depends on the transmembrane
sodium/iodide symporter (NIS). Therefore, 99mTc
pertechnetate is a good alternative radiopharmaceutical for control of mammary uptake. In the
present case, we performed 99mTc pertechnetate
scintigraphy after ceasing of lactation to control
mammary uptake.
Cellular uptake of radioiodine to follicular
thyroid cell is done via sodium iodide symporter
(NIS) located in the basal membrane of follicular
cells [4]. Expression of NIS in salivary and lacrimal glands, stomach, choroid plexus, ciliary
123
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Fig. 65.3 Control
whole-body I-131
scintigraphy at the 9th
month of radioiodine
ablation. Images were
obtained by the same
gamma camera after
72 h of oral intake of
5 mCi I-131. Also, there
was no pathological
I-131 uptake

body of the eye, skin, placenta, lactating mammary gland, thymus, and, to a lesser extent, the
prostate, ovary, adrenal gland, lung, and heart has
been demonstrated [4–6]. Therefore physiologic
radioiodine uptake in lactating mammary gland
could be explained by these mechanisms.
Although in the present case there was no
breast uptake of I-131, it may be observed
depending on several reasons. Lactation and
breastfeeding are the main causatives of mam-

mary uptake of radioiodine [4, 7–9]. Also, some
drugs, breast stimulation, hypothyroidism, prolactinemia, galactorrhea, fat necrosis, gynecomastia, benign fibroadenoma, breast metastasis,
breast carcinoma, and breast cyst can cause mammary uptake [10–16]. Sometimes, breast uptake
in diagnostic or post-ablative I-131 scintigraphy
may be misinterpreted as lung metastasis. Lateral
images and SPECT and/or SPECT-CT images
prevent this misdiagnosis.
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In summary in women who are breastfeeding,
lactating must be stopped before radioiodine
treatment (ablation or metastasis). Some lactation inhibition medications could be used in order
to quicken the procedure. In order to control any
mammary gland uptake, I-123 or Tc-99m
pertechnetate scintigraphy could be used.
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4.

5.

What Can We Learn from This Case?

• Since I-131 could cross to the placenta
and be secreted to milk, radioiodine is
contraindicated in pregnant and breastfeeding patients.
• Cellular uptake of radioiodine to follicular thyroid cell is done via sodium
iodide symporter (NIS) located in the
basal membrane of follicular cells.
• In women who are breastfeeding, lactating must be stopped before radioiodine
treatment.
• Some lactation inhibition medications
could be used in order to quicken delectating procedure.
• 99mTc pertechnetate is a good alternative
radiopharmaceutical for control of
mammary uptake in well-differentiated
thyroid carcinoma patients who are candidates for radioiodine treatment.

6.

7.

8.
9.
10.
11.

12.

13.
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A Child with Papillary Thyroid
Carcinoma: Role of Radioactive
Iodine Therapy in Pediatric
Patients

66
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Abstract

A 13-year-old girl with a family history of thyroid carcinoma underwent thyroid ultrasound.
A hypoechoic thyroid nodule with a 4 cm
diameter was detected on the right thyroid lobe
accompanying enlarged central compartment
lymph nodes. Thus, the patient underwent total
thyroidectomy and bilaterally central compartment lymph node dissection. Pathological
examination revealed a conventional subtype
papillary thyroid carcinoma located on the
right thyroid lobe with a 4 cm diameter.
Contrast-enhanced tomography of the thorax
showed multiple metastatic nodules in both
lungs. The patient was referred for radioiodine
treatment (RAT) with a T3N1aM1 tumor.
During radioiodine treatment, serum thyroglobulin (Tg) levels were measured as >472 ng/
ml. Posttreatment I-131 whole-body scintigraphy showed multiple radioactivity accumulations in the neck and both hemithoraces.
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66.1

Case Presentation

A 13-year-old girl with a family history of thyroid carcinoma underwent thyroid ultrasound
(USG). A hypoechoic thyroid nodule with a 4 cm
diameter was detected on the right thyroid lobe
accompanying enlarged central compartment
lymph nodes. Thus, the patient underwent total
thyroidectomy and bilaterally central compartment lymph node dissection. Pathological examination revealed a conventional subtype papillary
thyroid carcinoma located on the right thyroid
lobe with a 4 cm diameter. Additionally, multiple
metastatic lymph nodes were detected in the central compartment with the largest being 2 cm in
diameter. Contrast-enhanced tomography (CT)
of the thorax revealed multiple metastatic nodules in both lungs. The patient was referred for
radioiodine treatment (RAT) with a T3N1aM1
tumor. During radioiodine treatment, serum thyroglobulin (Tg) levels were measured as >472 ng/
ml. An empiric does of 3700 Mbq (100 mCi)
I-131 was administered orally. Posttreatment
I-131 whole-body scintigraphy showed multiple
foci of radioiodine in the neck and both hemithoraces (Fig. 66.1).
Although differentiated thyroid carcinomas
(DTC) are rare in children and adolescents, it is
the most common endocrine neoplasia [1–3].

© Springer International Publishing AG, part of Springer Nature 2019
T. Özülker et al. (eds.), Thyroid and Parathyroid Diseases, https://doi.org/10.1007/978-3-319-78476-2_66

415

416

Ç. Soydal and E. Özkan

Fig. 66.1 Posttreatment
I-131 whole-body
scintigraphy
demonstrated multiple
accumulations of
radioactivity in the neck
and both hemithoraces

Moreover, its incidence has been rising [4–6]. As
observed in our patient, DTCs in childhood are
more often manifested as lymph node or lung
metastases as compared to adults. For this reason,
detailed ultrasonographic evaluation of thyroid
gland and lymph nodes by an experienced hand is
necessary during the preoperative stage. In

patients with suspected lymph nodes, central
compartment lymph node dissection is recommended [7]. This group of patients also has a high
risk of developing lung metastases. A chest X-ray
and/or chest CT may be considered for evaluation
of possible lung metastases [8, 9]. Routine chest
CT is not recommended for patients with minimal
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neck disease because lung metastases are likely to
be identified when the patient is staged with stimulated Tg measurement and diagnostic wholebody scintigraphy. Differently from our patient,
lung metastases tend to be in the miliary pattern
[7]. In this case, they could be apparent after RAI
treatment but are not usually visible using chest
X-ray or CT. Regardless of the stage of the metastases at the diagnosis, the prognosis can be excellent when appropriately treated [1, 10, 11, 12].
Because pediatric DTCs are rare, treatment concepts for this population are derived from experience in treating the adult population. From
diagnosis to treatment to long-term follow-up,
several issues need to be addressed. In radioiodine
avid patients, lung metastases are especially
affected by radioiodine treatment. However, in
regard to life expectancy, a benefit-loss ratio
should be considered for repeated treatments [9].
The patient received a suppressive dose of
LT4 after RAIT, and a sixth-month diagnostic
whole-body scintigraphy was performed with
185 MBq (5 mCi) I-131. Stimulated Tg levels
were measured at 38.2 ng/ml, and scintigraphy
was normal. Because lung metastases were radioiodine avid, the second dose of RAIT was administered with 5550 MBq (150 mCi) I-131.
Posttreatment, whole-body scintigraphy revealed
faint radioactivity accumulation on both hemithoraces. Distant metastases of children are more
amenable and responsive to RAT. Serial administrations of RAT can result in a complete response
in many patients. However, the vast majority of
patients will have stable metastatic disease [8, 9].
Moreover, studies have demonstrated a continuous improvement in serum Tg levels for years
without repeated treatment with RAI. In regard to
low complete response rates, a full response can
take several years, so undetectable Tg levels
should not be the goal of the treatment [7].

66.2

Follow-Up and Outcome

Following the second dose of RAI, Tg levels
dropped dramatically to undetectable levels.
Thorax CT was normal and stimulated Tg levels
were within acceptable levels (<5 ng/ml). The
patient was followed up with indeterminate bio-
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chemical response 5 years after. During this
period, pulmonary fibrosis of secondary malignancies was not observed. There are acute and
chronic side effects of RAI treatment. The acute
side effects are generally transient. However, the
chronic side effects on life expectancy may be an
important consideration in regard to treating children [7]. Development of secondary malignancies
should also be considered in children. Previous
reports have found that children treated with radiation (external beam radiation, radium implants,
and RAIT) developed secondary malignancies,
such as leukemia and cancers of the stomach,
bladder, colon, salivary gland, and breast [8, 9].
Unfortunately, it is difficult to determine a safe
cumulative dose for pediatric patients. Different
safe cumulative dose limits have previously been
described [10, 12]. Another important concern in
patients with lung metastases is that pulmonary
fibrosis can develop when retained RAT dose
exceeded 80 mCi [10, 11]. In summary, the risks
and benefits of RAT treatment should be taken
into greater consideration when treating children.

66.2.1 The Future
The nature of childhood DTCs is different from
adults in the timing of its presentation at diagnosis and response to treatment. Children-specific
management guidelines should be prepared to
guide long-term follow-up protocols. Another
issue that needs to be addressed is the lack of data
on the usage of other systemic treatment options,
such as tyrosine kinase inhibitors (TKI), for nonavid radioiodine child patients.

What Can We Learn from This Case?

• DTCs are the most common endocrine
neoplasia in childhood.
• DTCs in children manifest as lymph node
or lung metastases more often than adults.
• Lung metastases exhibit mostly miliary
patterns in children.
• Regardless of the disease stage at diagnosis, the prognosis is excellent when
appropriately treated.
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Pediatric PTC with Diffuse Lung
Metastases: Pulmonary Function
Testing and Steroid Therapy Prior
to RAI

67

Zehra Özcan and Ülkem Yararbaş

Abstract

Thyroid carcinoma is an uncommon malignancy in children, and metastatic involvement
at initial presentation is much more common
than adults. The clinical course of the disease
is favorable; however, management is challenging due to differences in biologic behavior of the tumor and potential side effects of
I-131 in the long-term follow-up. The current
pediatric case highlights the possible pulmonary fibrosis after radioiodine treatment and
indicates the importance of dose optimization
particularly in children with diffuse lung
metastases.

67.1

Case Presentation

The represented case is a child with differentiated
thyroid carcinoma under clinical follow-up since
1998. He was initially presented with a neck
mass when he was 8 years old. Excisional biopsy
showed lymph node metastasis of papillary thyroid carcinoma. He underwent total thyroidectomy and completion surgery after that. Surgical
specimen showed papillary carcinoma 2 cm in
size with a follicular histologic variant with
Z. Özcan (*) · Ü. Yararbaş
Department of Nuclear Medicine, Ege University
School of Medicine, Izmir, Turkey

microscopic involvement on both lobes. There
were capsular invasion and a metastatic lymph
node in left cervical level IV with the largest
diameter of 15 mm. He received a fixed dose of
80 mCi (2.96 GBq) radioactive iodine (RAI)
adjusted according to the body weight (7.4 MBq/
kg) [1, 2]. Posttreatment scan revealed remnant
tissue and iodine uptake in the right lateral cervical region and in both lungs more prominently in
the basal regions (Fig. 67.1). At the time of RAI
therapy, serum Tg was 64.5 ng/ml, and anti-Tg
antibodies were normal. He was T4a, N1b, M1,
and stage II according to the AJCC/UICC TNM
system as noted in ATA guidelines on pediatric
thyroid cancer [2]. CT scan detected multiple
tiny parenchymal nodules supporting lung
involvement. He received three additional therapeutic doses of I-131 for locoregional disease and
metastatic lung involvement with the spread over
a period of 11 years. The total cumulative activity
was 430 mCi (15.9 GBq). These repeated doses
were applied using a fixed-dose approach according to the body weight. After the first RAI treatment, he presented with pulmonary problems
such as a cough and exertional dyspnea and
referred to a pediatric pulmonologist. Respiratory
function test showed subnormal diffusing capacity. It was stated that this might be related to both
micrometastatic lung disease and radiationinduced changes, and follow-up is recommended.
Twelve months after the first treatment second
dose, I-131 was given 100 mCi (3.7 GBq).
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Fig. 67.1 Posttreatment
I-131 scan shows diffuse
bilateral involvement
and uptake in the left
cervical region

Posttreatment scan revealed iodine accumulation
in both lungs in a diffuse pattern. Pulmonary
function tests indicated by FEV1 and VC suggested restrictive changes. Pediatric pulmonologists recommended that oral corticosteroid
treatment can be given for a week (during the
hospitalization period of RAI treatment and
slowly stopping after hospital discharge) to avoid
pulmonary edema and to control the consequences of absorbed radiation dose in the bronchoalveolar system.

67.2

Discussion

Pediatric thyroid carcinoma generally has favorable clinical course despite the locoregional

d isease or distant metastatic involvement at the
initial presentation [1, 3]. On the other hand,
therapeutic approach is thought-provoking due
to the increased risk for secondary tumors and
late-term radiation-induced complications, particularly in young children. As defined in ATA
guideline, there is a consensus that the goal of
therapy in children is to decrease disease-specific mortality and reduce possible side effects
[1]. I-131 treatment is mostly given by the simplest method, empiric fixed-dose administration. Additionally, as there is no standard dose
for pediatric ages, the adult fixed dose is modified according to the child’s age, body weight,
or surface area [2]. On the other hand, pulmonary involvement is usually in a micronodular
pattern spread diffusely over both lungs, and

67

Pediatric Thyroid Carcinoma with Pulmonary Involvement

there is a concern about treatment-inducd
pulmonary fibrosis [4–7]. Reduced dose or dosimetric approach is suggeted to protect healthy
lung tissue and to reduce the risk of radiationinduced changes [6, 7]. It is widely accepted
that the absorbed dose should not exceed
200 cGy, and the whole-body retention should
not be more than 80 mCi (2.96 GBq) and
120 mCi (4.44 GBq) in the absence or presence
of pulmonary metastases, respectively [8]. It is
also stated that the intervals between the subsequent doses should be extended, and cumulated
activity should be disseminated over a long time
(4). In the current case, unfortunately, we were
not able to perform whole-body dosimetry;
however, as the initial treatment dose was
2.96 GBq, it can be postulated that the safety
limit defined as 80 mCi (2.96 GBq) whole-body
retention at 48 h after RAI administration is
hardly surpassed. Interestingly, we have
observed mild pulmonary functional impairment after the first radioiodine treatment. As
there is no data about the previous lung functioning tests or thorax CT, it is problematic to
comment on the causal relationship of radiationinduced pulmonary fibrosis. But there was no
prior radiation exposure to the thorax or concomitant use of a chemotherapeutic agent that
might accentuate pulmonary fibrotic changes.
Nevertheless, it is postulated radiation-induced
lung injury may either happen as an early
(<6 months) or late event (>6 months) [9].
Within the days to weeks after radiation exposure, destruction of alveolar epithelium leads to
accumulation of inflammatory cells and induces
cytokine release. In the second stage of this process, oxidative damage, an influx of fibroblasts,
and their conversion to myofibroblasts result in
lung fibrosis. Although there is no defined standard regimen for the management of radiationinduced pulmonary fibrosis, anti-inflammatory
drugs including corticosteroids and supportive
measures can be effective [10].
Pulmonary fibrosis due to radioiodine is
reported as an infrequent sequel. Hebestreit et al.
documented seven cases of pulmonary fibrosis in
his series covering 69 children with juvenile
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thyroid carcinoma [7]. However, the authors
stated that the development of pulmonary fibrosis
poses a significant problem in patient management. Moreover, young age at the time of the
iodine treatment and the use of concomitant chemotherapeutic agents may increase the risk for
fibrotic pulmonary changes. It is therefore recommended to perform pulmonary function test in
young children with diffuse high iodine avid lung
involvement particularly when subsequent treatments are planned [1, 6]. Therefore, pre-therapeutic dosimetry seems to be a valuable approach
for nuclear medicine physicians to estimate the
effective dose within safe limits in children with
lung metastases [11, 12].

67.3

Follow-Up and Clinical
Course

This case had received the first RAI treatment at
the age of 10 and the last one when he was
21 years old. The total cumulative activity
(15.9 GBq) was distributed over a very long time
with intervals exceeding 12 months. He is currently stable with the disease under TSH suppression, and his Tg level is 0.3 ng/dl. There is a
restrictive pattern of functional impairment and
CT findings suggesting pulmonary fibrosis
(Fig. 67.2) which did not show significant
changes throughout the clinical course.

Fig. 67.2 Transaxial CT scan shows bilateral diffuse septal thickening and pleural irregularities suggesting pulmonary fibrosis
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What Can We Learn from This Case?

• It is not uncommon to come across with
diffuse micrometastatic lung involvement in children with DTC even at the
initial presentation.
• RAI treatment is the current choice as
long as the metastatic foci are iodine
avid implying that good response is
possible.
• However, regarding the radiosensitivity
of children and expected life-span, it is
essential to focus on the possible side
effects.
• When available, the dosimetric approach
might be reasonable to provide the safe
therapeutic dose that would not do more
harm than good.
• Moreover, it is suggested that those
patients should be kept under clinical
follow-up within the collaboration of a
medical team to manage the late-term
side effects.
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Part III
Parathyroid Diseases

Ectopic Parathyroid Adenoma
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Abstract

Elevated serum calcium and parathyroid hormone (PTH) values were determined in routine laboratory examinations of a 66-year-old
female patient. Parathyroid scintigraphy (PS)
and neck ultrasonography (USG) were performed
for
diagnosis
of
primary
hyperparathyroidism.
PS revealed an ectopic parathyroid gland in
the mediastinum. Fused SPECT/CT images
were generated from PS SPECT and CT
images using the co-registration software.
Exact localization of ectopic parathyroid adenoma could be performed by fused SPECT/
CT images. With the help of gamma probe, a
soft tissue mass 1 cm in size was excised from
anterior mediastinum in mediastinoscopy.
Histopathological examinations were consistent with parathyroid adenoma. The patient
was discharged from hospital after dropping
of serum calcium value to the normal level.
In conclusion preoperative localization of
abnormal ectopic parathyroid gland was done
easily and more precisely by PS SPECT/CT in
this case. And also, using gamma probe in parathyroidectomy helped to surgeons to find ectopic parathyroid adenoma quickly and precisely.
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68.1

Case Presentation

Elevated serum calcium (11 mg/dl) and parathyroid hormone (PTH) (311.9 pg/ml) values were
determined in routine laboratory examinations of
a 66-year-old female patient. Parathyroid scintigraphy (PS) and neck ultrasonography (USG)
were performed for diagnosis of primary
hyperparathyroidism.
After intravenous injection of 15 mCi 99mTcMIBI (technetium-99m-sestamibi), planar and
single photon emission computerized tomography (SPECT) images were obtained using a
dual-head SPECT system (Infinia, GE Medical
Systems, Milwaukee, WI, USA) at 15 (early) and
120 min (late) of injection (Figs. 68.1 and 68.2).

Fig. 68.1 Early (15 min) planar images of PS. Faint focal
uptake was seen near to myocardium (arrow)
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Fig. 68.2 Late (120 min) planar images of PS. Abnormal
focal uptake near to myocardium was increased and could
be distinguished more easily (arrow)

Focal pathological high uptake was found in
early and late images of PS in the left part of
anterior mediastinum, near to myocardium
(Figs. 68.1 and 68.2). A soft tissue mass
15 × 9.5 mm. was detected in thorax computerized tomography images (CT) (Fig. 68.3). Fused
SPECT/CT images were generated from PS
SPECT and CT images using co-registration
software (Integrated Registration, Xeleris 1.0,
GE) (Fig. 68.4). Neck USG of the patient was
normal.
According to these findings in PS ectopic
parathyroid gland pathology was determined for
the reason of primary hyperparathyroidism.
Mediastinoscopy was planned for exact histopathological diagnosis and also treatment. A soft
tissue mass 1 cm in size was excised from anterior mediastinum in mediastinoscopy with the
help of gamma probe. Both frozen and final sections in histopathological examinations were
consistent with parathyroid adenoma. The patient
was discharged from hospital after dropping of
serum calcium value to the normal level.

68.2

Fig. 68.3 Thorax CT images. A soft tissue mass (arrow)
15 × 9.5 mm. was seen in anterior mediastinum between
sternum and arcus aorta

a

b

Discussion

There are usually two pairs (superior and inferior) of
parathyroid glands in the neck region. They are
located behind the thyroid gland. Occasionally the
fifth gland may be present. In the embryologic
period, the parathyroid glands develop at 6 weeks
and migrate caudally at 8 weeks, and they reach their
eutopic region [1, 2]. However, some migration

c

Fig. 68.4 Co-registered SPECT/CT images. Abnormal focal uptake of MIBI (arrows) in the soft tissue mass could be
determined in transaxial SPECT (a), CT (b), and fused SPECT/CT images (c)

68 Ectopic Parathyroid Adenoma

problems can cause ectopic parathyroid glands.
Ectopic parathyroid glands may be present in mediastinum, thyroid gland, cervical region, thymus,
carotid sheath, retropharynx, and retro- or paraesophageal space [1, 2].
Parathyroid glands are responsible for serum
calcium and phosphorus ions’ concentrations via
secretion of parathyroid hormone (PTH). The
secretion of PTH is regulated directly by the
plasma concentration of ionized calcium [3].
Hyperparathyroidism is caused by factors that
increase the production of PTH. It is usually subdivided into primary, secondary, and tertiary
hyperparathyroidism. Hyperparathyroidism may
occur because of a problem with the parathyroid
glands themselves (primary hyperparathyroidism) or because of another disease that affects the
glands’ function (secondary hyperparathyroidism). Tertiary hyperparathyroidism is a state of
excessive secretion of PTH after long-standing
secondary hyperparathyroidism. It is characterized by the development of autonomous hypersecretion of PTH [4]. Sign and symptoms of
hyperparathyroidism may be mild and nonspecific. Some of the most frequent signs and symptoms of hyperparathyroidism are nausea,
vomiting, loss of appetite, weakness, excessive
urination, abdominal pain, bone and joint pain,
depression, forgetfulness, osteoporosis, kidney
stones, and hypertension [5].
Primary hyperparathyroidism is frequently
caused by (75–85%) solitary adenoma. Double
adenomas are seen in 12%, three glands adenoma
in <1–2%, and four or more adenomas in <1–15%
of cases. Parathyroid carcinoma is responsible
approximately 1% of cases with primary hyperparathyroidism [6].
The only curative treatment option is surgery
for primary hyperparathyroidism. Four-gland
exploration was gold standard procedure until
recently. Nowadays, minimally invasive techniques are preferred after the rapid development
of successful preoperative imaging methods such
as PS for localization of pathological parathyroid
gland. USG, CT, 4-D CT, and magnetic resonance imaging (MRI) are the other modalities for
preoperative imaging for hyperparathyroidism.
PS is preferred more than the others because of
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high-sensitivity values. According to a metaanalysis, published by Wong KK, CT sensitivity
values of PS were 0.61–0.80, 0.74, and 0.86 for
planar, SPECT, and SPECT/CT, respectively [7].
Preoperative imaging of pathological parathyroid
glands offers several benefits to surgeons and
patients. With the help of PS, length and complications of operation and anesthesia could be
decreased meaningfully. Using minimally invasive technique reduces the size of the surgical
incision. Patient’s comfort could be increased.
And also, cosmetic complaints of the patient’s
after surgery due to scar tissue may be reduced
easily [8–10].
A few different radiopharmaceutical and
imaging techniques could be used for PS. Dualphase or tracer methods using single or combination of 201Tl, 99mTc-MIBI, 99mTc- pertechnetate,
and 123I are the choices for PS. Coakley AJ and
his colleagues used firstly 99mTc-MIBI as a
radiopharmaceutical for PS, in 1989 [11]. Since
then, usage of 99mTc-MIBI as a single agent
(dual phase) or with other radiopharmaceutical
(dual tracer) has gradually been increased.
Nowadays, dual-phase 99mTc-MIBI imaging is
the most preferred method for PS due to easy
availability, high image quality, low cost, and
easy practice [12, 13].
In the past planar and single photon emission
tomography (SPECT) imaging procedures were
performed, usually. Recently, the hybrid technique of SPECT/CT could be used after wide
availability of new generation hybrid gamma
cameras. With the help of SPECT/CT, precise
localization of pathological parathyroid glands,
especially ectopic, could be done more easily
and correctly. Because of the high cost of modern hybrid gamma cameras, availability of this
technique may be limited in some nuclear medicine departments. Nevertheless, a fusion of
SPECT and CT images obtained in separate
devices could be performed easily and effectively using the certain co-registration software.
On the other hand, routine use of SPECT/CT for
PS is not recommended in procedure guidelines
[14, 15]. Sensitivity and specificity values of
SPECT are higher than planar images [16].
Conversely, the superiority of SPECT/CT
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method over SPECT alone is controversial.
Some authors did not find any significant difference between two methods [1]. They also
emphasized some disadvantages of SPECT/CT:
increasing cost, radiation dose, and total examination time because of CT [1, 17–20]. On the
other hand, according to some recent literature,
SPECT/CT has higher detection rates for parathyroid pathologies comparing only SPECT or
planar images. Also, SPECT/CT provides more
precise anatomic localization of ectopic parathyroid adenomas [7, 16, 21].
In the present case we performed planar,
SPECT and fused SPECT/CT images for PS. We
used 99m Tc-MIBI and dual-phase method.
Abnormal uptake in mediastinum due to pathological parathyroid tissue could be easily determined with not only planar but also SPECT
images. However, exact anatomic localization
of pathological uptake had been defined by
fused SPECT/CT images. After precise localization of pathological ectopic parathyroid
gland by PS with the help of gamma probe, a
soft tissue mass was excised from anterior mediastinum of the present patient in mediastinoscopy. Gamma probe is a useful device for
detecting sentinel lymph nodes in malignant
melanoma and breast cancer patients [22, 23].
At the same time, gamma probe has been used
for parathyroidectomy [24]. Firstly, Bonjer HJ
and his colleagues used gamma probe for parathyroidectomy. They suggested using gamma
probe in patients with persistent or recurrent
hyperparathyroidism [24]. Recently usage rate
of gamma probe in parathyroidectomy has been
increasing. Since this technique shortens the
total operation time. And also, it helps surgeons
to be sure that excised tissue is related parathyroid gland because of high radioactivity [25–
27]. Especially in ectopic parathyroid adenomas,
gamma probe is very helpful [28–30].
In summary preoperative localization of
abnormal ectopic parathyroid gland was done
easily and more precisely by PS SPECT/CT in
this case. And also, using gamma probe in parathyroidectomy helped surgeons to find ectopic
parathyroid gland quickly and precisely.

What Can We Learn from This Case?

• An ectopic parathyroid adenoma could
be
responsible
for
primary
hyperparathyroidism.
• PS is known as the most useful imaging
modality for preoperative localization
of pathological parathyroid glands.
• SPECT/CT has higher detection rates
for parathyroid pathologies comparing
only SPECT or planar images.
• SPECT/CT provides more precise anatomic localization of ectopic parathyroid adenomas.
• Surgeons can find ectopic parathyroid
glands quickly and precisely in parathyroidectomy operations with the help of
gamma probe.
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Parathyroid Adenoma Which
Was Negative on Tc99m-MIBI
Scintigraphy and Considered
as Paratracheal Lymphadenopathy
on Other Imaging Studies

69

Meral Mert

Abstract

Surgery is the most important treatment
method in patients with primary hyperparathyroidism. Imaging studies for localization of
parathyroid adenoma should be performed in
all patients with hyperparathyroidism before
surgical intervention. Tc99m scintigraphy,
neck ultrasonography, and neck magnetic resonance imaging (MRI) are the most common
imaging modalities used for the localization of
a parathyroid adenoma. Atypical localization
of parathyroid adenoma and multiple gland
disease are the most important causes of persistent disease and redo surgery. We aimed to
introduce a case of primary hyperparathyroidism with the presence of double adenoma. In
our case, the second adenoma was mistakenly
interpreted as lymphadenopathy in the preoperative imaging studies. The lesion has been
confirmed as parathyroid adenoma in the final
histopathologic examination.
Therefore, multiple or atypical localized
parathyroid adenoma should be considered in
all patients to be operated.

M. Mert
Department of Endocrinology and Metabolism,
Bakirkoy Dr. Sadi Konuk Training and Research
Hospital, Health Sciences University (SBÜ),
İstanbul, Turkey

69.1

Case

A 56-year-old woman visited the outpatient clinic
because of hypothyroidism. Her routine laboratory studies revealed a high serum calcium level
of 12.3 mg/dl. Her main complaints were skeletal
pain and weakness. Laboratory results at admission are shown in Table 1.
The patient underwent 99mTc-MIBI scintigraphy and conventional radiologic imaging studies for the localization of parathyroid adenoma.
Technetium-99m-methoxyisobutylisonitrile
(99mTc-MIBI) scintigraphy of the patient
showed focal accumulation in the right inferior
lobe which is consistent with parathyroid adenoma detection (Fig. 69.1). Neck ultrasonography (USG) revealed findings in thyroid gland
consistent with thyroiditis and cervical lymph
nodes which were considered as benign reactive
in terms of sonographic characteristics. There
was no lesion consistent with a parathyroid adenoma in her initial USG examination.
Consequently, a magnetic resonance imaging
(MRI) of the neck revealed a lesion suspicious
for parathyroid adenoma in the inferior site of the
right thyroid gland and 1.3 × 1.7 cm lymphadenopathy at right paratracheal level VI (Figs. 69.2
and 69.3).
The patient underwent surgery for the removal
of the parathyroid gland. The quick parathyroid
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Table 1 Laboratory results of the patients
Ca
12.3 mg/dl

P
1.56 mg/dl

Creatinine
0.54 mg/dl

Albumin
4.33 g/dl

a

PTH
310 pg/ml

Hgb
13.4 g/dl

Hct
40.2%

Sedimentation 25OH vit D
8 mm/h
26.2 ng/ml

b

Fig. 69.1 Dual-phase Tc99m-MIBI parathyroid scintigraphy shows an asymmetrical diffuse MIBI uptake in right
thyroid lobe (a), persistent uptake at the inferior pole of the right lobe in the delayed phase image (b)

a

b

c

Fig. 69.2 Diffuse contrast-enhanced lesion suggesting lymphadenomegaly was seen right inferior paratracheal area
17 × 10mm (a), hypointense in T1 weighted (b), hyperintense in T2-weighted images (c)

a

b

c

Fig. 69.3 Diffuse contrast-enhanced 26 × 15 × 10-mm-sized lesion compatible with parathyroid adenoma at the right
thyroid gland infero-postero-medial area (a), hypointense in T1 weighted (b), hyperintense in T2-weighted images (c)
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a

433

b

Fig. 69.4 Histopathology of the parathyroid adenoma
located at the right inferior thyroid lobe (a), hematoxylin
eosin stain ×40 (a), second parathyroid adenoma which

was thought to be a lymph node macroscopically.
Hematoxylin eosin stain ×40 (b)

hormone measurement was not available in the
laboratory. During the operation, the lesions
which were suspicious for parathyroid adenomas
and lymphadenopathy were both resected. The
resected lesion suspicious for parathyroid adenoma was confirmed as parathyroid adenoma in
histopathologic assessment. However, the
resected lesion which had been assumed to be a
lymph node turned out to be a second parathyroid
adenoma unexpectedly (Fig. 69.4).
Encapsulated and nodular-shaped, 3.2 × 1.7 ×
0.6 cm-sized hemorrhagic lesion was seen at the
inferior site of the right thyroid gland, and
1.7 × 0.7 × 0.5 cm encapsulated nodular tissue
with surrounding fat tissue was seen at right paratracheal region macroscopically.
The adenoma-like lesion at the right inferior
site and the lymphadenopathy-like lesion at paratracheal region were both identified as double
parathyroid adenomas. Microscopically, adenomas showed diffuse nodular growth pattern. They
contain stroma rich in vascularity and combinations of chief cells and clear cells. These parathyroid tumors were surrounded by an atrophic
rim-shaped parathyroid tissue.

(2–5%), and parathyroid carcinoma (<1%) [1]. In
the preoperative workup, the imaging studies
which are crucial for the selection of operative
approach should be performed after biochemical
confirmation of primary hyperparathyroidism. In
terms of location of a parathyroid adenoma,
about 75% involve one of the inferior glands,
15% involve one of the superior glands, and 10%
may be present in abnormal localizations.
Approximately 30% of reoperated patients had
hyperparathyroidism with multiple gland disease. Therefore, multiple or atypically localized
parathyroid adenoma should be considered in all
patients who will undergo surgery [2, 3].
Technetium-99m-methoxyisobutylisonitrile
(99mTc-sestamibi or MIBI) scintigraphy, neck
USG, MRI, and invasive studies can be used for the
localization of parathyroid adenomas. A singlefocus positive imaging result does not reliably
exclude the presence of multiglandular parathyroid
disease [4–6]. A negative 99mTc-sestamibi scan
can be seen in 12–25% of patients with primary
hyperparathyroidism [7, 8]. Parathyroid hyperplasia, multiple parathyroid adenomas, calcium-channel blockers, small size, superior position, and the
paucity of oxyphil cells may cause false-negative
results. Coexisting thyroid disease requiring surgery significantly increases both the false-positive
and false-negative rate of sestamibi scanning [7, 8].
Single-photon emission computed tomography
(SPECT-CT) adds the ability to discriminate parathyroid adenomas from other anatomic locations,

69.2

Discussion

The etiologies of primary hyperparathyroidism
include benign adenoma (80–85%), diffuse or
nodular hyperplasia (10–15%), double adenoma
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which may affect the surgical procedure [9, 10]. CT
alone has low sensitivity for parathyroid adenoma
localization.
Neck USG is one of the most common imaging techniques for hyperparathyroidism, but the
accuracy of USG is operator-dependent. Normalsized parathyroid glands are not usually visualized with USG. The sensitivity of USG in
detecting parathyroid adenomas has been reported
from 49 to 85%. Obesity, previous neck surgery,
small size, mediastinal glands, and localization
behind the clavicles may cause false-negative
results in USG. Conversely, extrathyroidal artery,
thyroid nodules, enlarged lymph nodes, the
esophagus, and longus colli muscles may cause
false-positive result [11]. Discrimination of lymph
node and parathyroid adenoma is crucial.
Parathyroid lesions are usually very vascular, typically showing a peripheral vascular arc and a
prominent polar feeding vessel that arises from
the branches of the inferior thyroidal artery. The
identification of a polar feeding artery can distinguish parathyroid glands from lymph nodes,
which usually have a hilar blood supply. Other
features include asymmetrically increased vascularity in the thyroid gland on the side of the lesion
and the hyperechoic capsule [12].
One of the other imaging modality is MRI of the
neck, and it is also performed in most of the patients
for the localization of parathyroid adenomas.
Normal parathyroid glands usually are not seen on
MRI. The characteristics of parathyroid adenoma
and cervical lymph nodes are similar to MRI [13,
14]. The reported sensitivity of MRI for abnormal
parathyroid tissue ranges from 40% to 85%. There
are few data supporting advanced MRI techniques
such as perfusion or dynamic contrast-enhanced
MRI. Enlarged lymph nodes, thyroid nodules, and
other neck masses such as sarcoid nodules and ganglia may cause false-positive results.
Enlarged lymph nodes have similar characteristics of signal intensity to those of abnormal
parathyroid glands. Abnormal parathyroid glands
are expected to be medial to the carotid sheath,
whereas lymph nodes are most frequently situated around or lateral to the sheath [12]. But these
features are not enough for the differential diagnosis. Clinicians should be aware of a contingency of multiple parathyroid adenomas as in our

case. Otherwise persistent disease or recurrence
may be an unintentional issue after surgery.
In our case, double adenomas were present, and
secondary adenoma was considered as lymphadenopathy in the preoperative imaging methods. The
use of intraoperative gamma probe prevented failure of the first operation. During the postoperative
follow-up period, the patient was clinically well,
and laboratory results were normal.
In the future four-dimensional CT (4D-CT) as a
promising modality which is particularly useful in
the reoperative setting when initial imaging with
sestamibi is negative. Mahajan et al. found that
4D-CT is a superior preoperative imaging modality for the localization of parathyroid tumors.
However, 4D-CT should be used wisely in younger
patients due to its higher radiation dose [15].
Another option is the combination of
11C-methionine positron emission tomography
and computed tomography (MET-PET-CT).
Weber et al. found that MET-PET-CT scan correctly located a single gland adenoma in 83 of 97
patients (86%), with a positive predictive value of
93% in 102 patients [16]. One of the new imaging
modalities is 18F-fluorocholine (FCH), which can
be delivered as easily as 18F-fluorodeoxyglucose
(FDG) and might be superior for localizing parathyroid adenomas and enabling minimal invasive
parathyroidectomy when conventional imaging
fails to do. Clinicians should consider its use as a
second-line modality for optimal patient care [17].
If localization cannot be performed despite all
noninvasive procedures, then invasive studies
such as arteriography or selective venous sampling can be performed. Selective venous sampling is the most common invasive modality used
for parathyroid localization. Another invasive
technique is selective arteriography, which is performed by combining selective trans-arterial
hypocalcemic stimulation with nonselective
venous sampling [15].

69.3

Management

Imaging studies for localization of adenoma
should be performed in all patients before surgery. Moreover, careful examination of the locations where atypical localization may be present,

69 Parathyroid Adenoma Mimicking Lymphoadenopathy

and preference of gamma probe-guided minimally invasive parathyroidectomy (GP-MIP)
with quick parathyroid hormone measurement
will reduce the probability of failure.
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8.

What Can We Learn from This Case?

As if it were our case, multigland parathyroid disease should be kept in mind and
atypical localizations should be carefully
assessed in all patients before surgery.

9.
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Brown Tumor Due to Primary
Hyperparathyroidism Disguised
as Lung Cancer in a Patient
with Rib Lesions
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Betül Uğur Altun and Gülşah Yenidünya Yalın

Abstract

Primary hyperparathyroidism (PHPT) is the
most common cause of hypercalcemia and is
characterized with high (or in the upper limit
of normal) parathyroid hormone levels despite
the presence of hypercalcemia. PHPT diagnosis is becoming more common in the recent
years due to frequent measurement of serum
calcium levels in routine biochemical screening. The most common clinical presentation
of PHPT is asymptomatic hypercalcemia.
However, a broad range of clinical manifestations such as osteoporosis, skeletal manifestations, or nephrolithiasis may be seen as the
disease sets on.

70.1

Case Report

A 42-year-old female patient was admitted to the
outpatient clinic with symptoms of fatigue, generalized musculoskeletal pain, arthralgia and
myalgia, constipation, depressive mood, and anxB. U. Altun
Department of Endocrinology, Başkent University
Medical School, Ankara, Turkey
G. Y. Yalın (*)
Department of Endocrinology, Başkent University
Istanbul Hospital, Istanbul, Turkey

iety. Because the patient also complained of mild
cough symptoms, a chest radiography was also
performed during the initial evaluation.
Suspicious nodular lesions were detected on the
chest X-ray (Fig. 70.1), and the patient was
referred to the pulmonary diseases outpatient
clinic for further evaluation. She had no history
of smoking and denied presence of lung disease
in family history. On physical examination, her
BMI was 28.6 kg/m2 without a history of recent
weight loss. Blood pressure was 160/100 mmHg
and heart rate 90/min/R with the presence of mild
abdominal discomfort and generalized bone
ache. Examination of cardiovascular and respiratory systems was normal. Painful nodular lesions
were palpated on ribs. In laboratory evaluation,
fasting blood glucose was 87 mg/dl; BUN,
27 mg/dl; creatinine, 1.7 mg/dl; calcium (Ca)
12 mg/dl, and albumin 3.5 gr/dl, and complete
blood count revealed presence of normochromic
anemia with Hgb 11 gr/dl. Liver enzymes, TSH
level, and electrolytes were normal. Urinalysis
revealed the presence of hematuria and eGFR
was 40 ml/min.
Thorax computerized tomography (CT)
revealed the presence of multiple nodular lesions
on the ribs (Fig. 70.2), and bone biopsy was performed for the differential diagnosis of metastasis and primary bone disease. Histopathological
evaluation revealed increased osteoblastic and
osteolytic activity which was compatible with
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Fig. 70.1 Bilateral nodular lesions on Chest X-ray

Fig. 70.2 Multiple nodular lesions on the ribs on
Thorax CT

metabolic bone disease, and presence of
malignancy was excluded. After the high plasma
Ca level was confirmed with a repeat laboratory
testing, serum PTH, alkaline phosphatase (ALP),
phosphorus (P), and vitamin D levels were measured as 1200 pg/dl, 133 mg/dl, 1.6 mg/dl, and
10 ng/ml, respectively. Ca excretion in 24-h urine
was measured as 460 mg/day. Urinary ultrasonography (USG) demonstrated the presence of
bilateral nephrocalcinosis and renal pelvic nephrolithiasis on the left kidney.
The patient was diagnosed with symptomatic
primary hyperparathyroidism (PHPT). Localiza
tion of parathyroid adenoma was determined
with neck USG demonstrating the presence of
left inferior parathyroid adenoma which was also
confirmed with Tc-99 m sestamibi parathyroid
scintigraphy, and the patient was referred for
parathyroid surgery.

Discussion

When the PHPT was defined for the first time in
the 1930s, the majority of the patients had symptoms of nephrolithiasis, bone lesions, and/or peptic ulcer [1]. Today, early diagnosis is possible due
to the measurement of serum Ca in the routine
clinical practice. In the presented case, the delay of
diagnosis resulted in the manifestation of all the
clinical complications at the time of admission.
The prevalence of PHPT is 0.8–0.9% and 0.3–
0.5% in North America for females and males,
respectively. In Asian countries hypercalcemia and
clinical complications are more frequent. However,
the exact prevalence is not clear [1].
When hypercalcemia is detected, work-up for
the differential diagnosis of hypercalcemia should
be performed. High or inappropriately normal
parathyroid hormone (PTH) levels (normal range:
10–65 pg/ml [ng/l]) in the presence of hypercalcemia indicates that the pathology is primarily
related with parathyroid glands. PHPT, tertiary
hyperparathyroidism, lithium ingestion, and
familial hypocalciuric hypercalcemia are categorized under this section. Presence of low or lownormal PTH with hypercalcemia indicates that
the pathology is primarily related to high calcium
levels which may be due to malignancy, vitamin
D intoxication, milk-alkali syndrome, thyrotoxicosis, and granulomatous diseases. The first step
of evaluation should always begin with the confirmation of high serum Ca levels corrected accordingly with serum albumin levels. Calcium is
transported in plasma largely as albumin-bound
Ca; therefore every 1 gr/dl change in albumin
above or below reference range (4 gr/dl) results
with 0.8 mg/dl decrease or increase in the serum
Ca levels, respectively. After the confirmation of
hypercalcemia, PTH levels are the most valuable
information in the differential diagnosis. Also, the
measurement techniques are important for the
establishment of an accurate diagnosis. The generation of PTH assay and the transfer of blood
specimen under optimal circumstances are essential in the measurement of PTH levels. Secondand third-generation PTH measurements are more
accurate in the evaluation of PHPT than the firstgeneration measurement methods [1–3].
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In the case presented above, plasma PTH
levels were high in the presence of hypercalcemia which indicated that the primary pathology was related to PTH over secretion. Other
etiologies in the differential diagnosis were
excluded with clinical and laboratory findings.
The patient was not receiving lithium therapy,
24-h urinary Ca excretion was high, and she
did not have an end-stage renal disease which
may have caused tertiary HPT. In the evaluation of these patients obtaining a detailed medical history (related with exposure of previous
head and neck radiotherapy, the presence of
medications such as lithium, thiazide diuretics,
calcium and vitamin D supplements, anticonvulsants) with careful physical examination is
very important [4].
PHPT is defined with persistently high PTH
levels (despite the presence of hypercalcemia),
hypophosphatemia, and increased 1.25(OH)2D3.
Characteristic clinical findings are not present in
asymptomatic PHPT. Normocalcemic PHPT is
characterized by normal Ca, normal or low P levels, and high PTH levels when the presence of
secondary hyperparathyroidism is excluded [5].
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PHPT is the most common cause of hypercalcemia. The etiology is dependent on the presence
of solitary parathyroid adenoma (80%), parathyroid hyperplasia (15–20%), multiple parathyroid
adenomas (2–4%), or parathyroid carcinoma
(0.5–1%) [6]. PHPT diagnosis is more frequent in
the recent years due to the routine measurement
of serum Ca levels with more sensitive laboratory
methods, and the complications are less commonly detected as the rates of early diagnosis are
increasing. PHPT is rarely seen under 15 years
old, and the prevalence increases after the age of
45 reaching its highest at the age of 60. It is nearly
three times more frequent in female patients
(female to male ratio is 3:1) [6]. There are no clinical findings in the majority of these patients, and
the patients are classified into two groups as
symptomatic or asymptomatic (Table 70.1).
Typical bone lesions are presented as osteitis
fibrosa cystica in PHPT, and the characteristical
radiological features are “salt and pepper”
appearance in the skull, subperiosteal resorption
in phalangeal bones, and formation of cysts and
brown tumors [6, 7]. Bone lesions occur due to
increased osteoclastic bone resorption, fibrovas-

Table 70.1 Signs and symptoms of hypercalcemia [7, 8, 12, 13]
Nonspecific
• Fatigue
• Muscle weakness
• Malaise
• Anorexia
• Depression
• Hypertension

Gastrointestinal system
• Blunt abdominal pain
• Constipation
• Anorexia
• Acute pancreatitis

Neuropsychiatric disorders
• Anxiety
• Depression
• Cognitive dysfunctions
• Organic brain syndrome
• Personality changes
• Behavioral disorders
• Confusion
• Organic psychosis
• Hallucinations
• Somnolence
• Coma

Cardiovascular disorders
• Valvular calcifications
• Arterial calcification
• Myocardial calcification, myocardial
short action potentials
• Short QT
• Arrhythmia
• Hypertension
• Vasoconstriction

Renal system
• Polyuria
• Nephrolithiasis
• Renal tubular dysfunction
• Concentration difficulties
• Acute or chronic renal failure
• Hypercalciuria
• Chronic hypercalcemia
nephropathy
• Interstitial nephritis
• Salt waste
• Nephrogenic diabetes insipidus
• Renal tubular acidosis (type 1)
Rheumatological disorders
• Gout
• Pseudogout
• Chondrocalcinosis
• Arthralgia
• Myalgia
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cular bone marrow, increased osteoblastic activity, diffuse bone demineralization, coarsened
trabecular pattern, and subperiosteal resorption.
The resorption of the endosteal bone primarily
takes place in the cortical compartment [6, 7],
whereas mineralization is prominent in the trabecular compartment. Therefore, the vertebral
bone which predominantly consists of the trabecular bone compartment may not be significantly
affected in asymptomatic PHPT, and vertebral
fractures are not common in these patients.
Because the cortical bone tissue is mostly present
in the 1/3 distal compartment of radius, bone
densitometry of this bone site should be evaluated during the initial work-up. However, it is
known that both vertebral and nonvertebral fracture risk is increased in PHPT [3]. Bone cysts
may present with multiple cystic lesions containing brown serous or mucoid liquid accumulation.
These lesions tend to appear in the metacarpals,
ribs, and central medullar region of the pelvis and
may cause deterioration in the cortical bone
structure with further invasion of the cortical
compartment. Osteoclastoma (brown tumor)
(Figs. 70.1 and 70.2) is a lesion characterized by
stromal cells and giant osteoclasts. These are
mostly located in the long bones and trabecular
compartment of the jaw and ribs.
Recurrent nephrolithiasis and nephrocalcinosis may be detected in the kidneys. Polyuria and
polydipsia due to diminished renal concentration
capacity, end-stage renal disease, and renal colic
pain are common renal symptoms. Hypercalciuria
is common in PHPT patients, and PHPT is also
one of the reasons for the development of renal
calcium stones. However, other contributing factors are also held responsible in the etiopathogenesis. Hyperparathyroidism may also be secondary
to renal failure. In time, secondary HPT may gain
autonomous function which may lead to tertiary
HPT and hypercalcemia.
Renal failure is an indication for surgical intervention in PHPT. Risk of nephrolithiasis decreases
after parathyroid surgery. However, nephrocalcinosis remains unchanged [8]. In the presented
case, eGFR was decreased (40 ml/min), but it was
not as low as end-stage renal disease. Renal fail-
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ure was due to hypercalcemia, but decreased
eGFR level also had an additional effect on the
further increase of plasma PTH levels.
Fatigue, myopathy, apathy, concentration difficulties, depression, dementia, psychosis, irritability, amnesia, emotional lability, and coma may
present as neuropsychiatric signs and symptoms
[9]. In our case, the patient had significant depression, agitation, and personality changes.
Neuromuscular symptoms may present with
symmetrical proximal muscle weakness, diffuse
muscle atrophy, gait abnormalities, generalized
hyperreflexia, and fasciculations of the tongue
[6]. Cardiovascular signs and symptoms are
hypertension, left ventricular hypertrophy, and
arrhythmia. Quality of life is low even in patients
who are asymptomatic. Nonspecific symptoms
such as fatigue, irritability, weakness, malaise,
somatization, lack of mental clarity, sleep disturbance, anxiety, and depression may be reversed
after treatment of PHPT [1]. Other rare complications are listed as conjunctival calcification, band
keratopathy, peptic ulcer, and acute or chronic
pancreatitis.
Vitamin D deficiency is common in
PHPT. Therefore, serum 25OH vitamin D should
be measured routinely. 25OH vitamin D level
over 30 ng/ml (some guidelines refer to 20 ng/ml
as a threshold) indicates sufficient vitamin D levels especially in patients with normocalcemic
PHPT. Routine measurement of 1.25 OH vitamin
D level is not recommended [3]. Laboratory findings are the presence of hypercalcemia (high levels of corrected Ca and ionized Ca),
hypophosphatemia or low-normal serum P level,
mild hyperchloremic acidosis, high alkaline
phosphatase level, and elevated urinary Ca excretion. eGFR is measured in the differential diagnosis of renal osteodystrophy and the decision of
treatment. eGFR level lower than 60 
ml/
min/1.73 m2 is the threshold for the onset of
chronic renal failure. Genetic screening may be
performed in the suspicion of hereditary diseases,
but it is not routinely tested in clinical practice.
Routine imaging is not recommended for diagnosis and should only be used for preoperative
localization of the parathyroid lesion [4]. Neck
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USG is effective in the detection of cervical parathyroid lesions; however, its sensitivity is lower in
mediastinal parathyroid lesions (75–85%).
Magnetic resonance imaging, 18F-FDG PET CT,
or venous sampling may be useful for the detection of these lesions. Tc99m sestamibi imaging
also has a high sensitivity (90%) [10]; however, it
may be difficult to detect small parathyroid adenoma and hyperplasia.
The primary treatment of PHPT is surgery,
especially in symptomatic patients. In patients
for whom surgery is not feasible, medical treatment should be initiated to lower plasma calcium
levels, to preserve bone and kidney health, and to
prevent complications. Bisphosphonates, calcimimetics, or estrogen-targeted therapies are used
in the medical treatment to maintain normal
plasma Ca and vitamin D levels [11].
Familial hypocalciuric hypercalcemia should
also be considered in the differential diagnosis of
PHPT. This disorder is characterized by an autosomal dominant (AD) inheritance pattern. The
mutation is located in the calcium-sensing receptors (CaSR), both in the kidneys and the parathyroid glands resulting in decreased calcium
sensitivity in these receptors. Decreased calcium
sensitivity in these receptors leads to increased
PTH levels and increased renal tubular Ca reabsorption. Laboratory findings are mild hypercalcemia, hypophosphatemia, hypermagnesemia,
normal or mildly elevated PTH levels, and hypocalciuria (Ca excretion less than 50 mg/day). Ca/
creatinine clearance is lower than 0.01 (Calcium
clearance = [urinary calcium/urinary creatinine] × [plasma creatinine/plasma calcium])
(4,6). Hypocalciuria is due to renal dysfunction
and parathyroidectomy would not be beneficial
in these patients. Diagnosis of this etiology is
therefore important in order to eliminate unnecessary surgical interventions.
In patients who are younger than 30 years old
and who have a family history of thyroid, adrenal
gland, pancreas, or pituitary tumor, rare hereditary PHPT etiologies (multiple endocrine neoplasia (MEN) syndrome, hyperparathyroidism-jaw
tumor syndrome, heterozygous Ca-sensing receptor gene mutations, familial hypocalciuric hyper-
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calcemia) should also be considered. PHPT is
present in 95% of MEN type 1 and is generally
characterized with the involvement of multiple
parathyroid glands. PHPT frequency is 90% in
patients with MEN 1 who are over 40 years old.
Loss of function mutation in tumor suppressor
gene MENIN (located on 11q12-13) is held
responsible in the etiopathogenesis. MENIN is a
nuclear protein which interacts with AP1 transcription factor JunD [1, 2, 4]. PHPT is less common (5–20%) in multiple endocrine neoplasia
type 2A (MEN 2A) and is seen in later decades.
Asymptomatic PHPT, adenoma, or hyperplasia
may be observed during thyroid surgery. The
treatment approach is similar with PHPT. Mutation
of RET proto-oncogene is held responsible for the
development of MEN 2A. Presence of abnormal
RET expression may be responsible for tumorigenesis. PHPT is not present in MEN 2B [2, 4].
Hereditary isolated PHPT is characterized by
parathyroid tumors which may be multiple or
malign without any concurrent endocrine gland
abnormalities or MEN1 and MEN 2A mutations.
Hypercalcemia due to lithium treatment is
associated with hypercalcemia, high PTH levels,
and hypocalciuria. Mild hyperplasia may also be
present in parathyroid glands. The clinical presentation is similar to familial benign hypocalciuric hypercalcemia. The laboratory results return
to normal after the cessation of lithium therapy.
The onset of nephrogenic diabetes insipidus and
dehydration due to lithium therapy may also
exacerbate hypercalcemia and high PTH levels
via increasing the threshold limit of Ca-PTH suppression axis [2, 4].
In asymptomatic PHPT patients, surgical
intervention is indicated due to the presence of
certain clinical criteria, and patients are evaluated
according to the National Institutes of Health
(NIH) 2013 criteria [3]. Parathyroid surgery indications are listed as:
(A) Patients with significant findings of PHPT
(1) Nephrolithiasis
(2) Low creatinine clearance levels (GFR)
which cannot be explained with other
etiologies
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(3) Radiological findings of PHPT-related
bone lesions
(4) Presence of neuromuscular disease
findings
(5) Symptoms related with hypercalcemia
(6) Presence of severe hypercalcemia
(B) Asymptomatic PHPT patients
(1) Serum Ca concentration over 1 mg/dl
above the upper limit of normal
(2) Bone density at the lumbar spine, hip, or
distal radius that is more than 2.5 standard deviations below peak bone mass
(T-score < −2.5)
(3) Presence of previous vertebral fracture
by X-ray, computed tomography, and
magnetic resonance imaging or during
vertebral fracture assessment
(4) GFR < 60 ml/min
(5) Twenty-four-hour urinary calcium
>400 mg/day and demonstration of high
urinary stone risk in the biochemical
urine analysis
(6) Nephrolithiasis or nephrocalcinosis by
X-ray, USG, or CT
(7) Age less than 50 years
In patients who are not candidates for parathyroid
surgery, plasma Ca and PTH levels should be
measured once a year, and bone densitometry
should be performed with 1–2-year intervals. The
intervals may be longer in clinically stable
patients. One of the important complications
after surgery is “hungry bone syndrome.” This
syndrome is transient and generally recovers in a
couple of weeks. It is due to the rapid replacement of previously increased osteoclastic activity
with the osteoblastic process and is characterized
with hypocalcemia, hypophosphatemia, and
hypomagnesemia. Hypocalcemia is transient in
most of the cases and rarely reaches to critically
low levels. Bone disease is generally mild.
Because the remaining parathyroid glands
recover in a couple of weeks, it is recommended
to plan the replacement treatment with close
monitoring of plasma Ca levels [14].

What Can We Learn from This Case?

• Hypercalcemia should be assessed with
total and corrected plasma Ca levels in
blood samples which are obtained and
transferred in optimal circumstances.
• Plasma Ca level should always be evaluated in accordance with plasma PTH
levels which should also be measured
under optimal conditions.
• Advanced clinical complications such
as severe osteoporosis may be present
when the diagnosis of PHPT is delayed.
• The primary treatment of PHPT is surgical intervention, and careful management is essential in pre- and
postoperative period.
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Radiofrequency Ablation in a
Patient with Primary
Hyperparathyroidism
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Ayşe Kubat Üzüm, Gülşah Yenidünya Yalın,
and Arzu Poyanlı

Abstract

The most common cause of hypercalcemia and
high plasma PTH levels is primary hyperparathyroidism (PHPT). Clinical features are associated with recurrent urolithiasis and
osteoporosis. However, most of the patients are
generally asymptomatic or have nonspecific
complaints. Biochemical diagnosis is based on
elevated plasma calcium and parathormone
levels and high 24-h urine calcium excretion.
The definitive treatment of PHPT is performing parathyroidectomy after the localization of
parathyroid adenoma. In patients who are ineligible for surgery (due to comorbidities or surgical risk), management of hypercalcemia can
be very challenging, and several medical
agents such as bisphosphonates, calcitonin, or
cinacalcet are being applied periodically to
control high plasma calcium levels.
Radiofrequency ablation is a minimally invasive ablation method which is generally used
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in the management of benign thyroid nodules
for volume reduction and improvement of
associated symptoms. Lately, this method has
also been used in the management of PHPT
patients when surgery is not eligible either
because of contraindication due to high surgical risk or patient refusal. We hereby present
our experience with radiofrequency ablation
therapy in the management of hyperparathyroidism in a 59-year-old female patient.

71.1

Case Presentation

A 59-year-old female patient was referred to our
endocrinology and metabolism disorders department due to the presence of hypercalcemia and
high plasma PTH levels. On admission, she had
symptoms of fatigue, nausea, and occasional
abdominal discomfort. She had been hospitalized
with the diagnosis of deep vein thrombosis and
massive bilateral pulmonary embolism 2 months
ago after an acute episode of dyspnea and chest
pain. Her medical history revealed the presence
of hypertension for 10 years which was under
treatment with amlodipine 10 mg once daily. She
had also been receiving warfarin 5 mg/day for
2 months. On examination, her blood pressure
was 145/95 mm Hg, and heart rate was 88 beats
per minute. Her cardiopulmonary and abdominal
examination was unremarkable. Laboratory
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results were as follows: Ca, 14.3 mg/dL (8.5–
10.5 mg/dL); P, 3.1 mg/dL (3.5–5.5 mg/dL);
albumin, 4.1 g/dL; PTH, 351 pg/mL (15–65 pg/
mL); ALP, 106 U/L (35–105 U/L); 25-OH vitamin D, 12 ng/mL; creatinine, 1.7 mg/dL (0.7–
1.4 mg/dL); BUN, 26 mg/dL (0–20 mg/dL); ALT,
28 U/L (5–25 U/L); INR, 2.6; and eGFR, 31 mL/
min/1.73m2. Urinary ultrasonography (USG)
revealed the presence of bilateral nephrolithiasis
with dilated ureters and pelvicalyceal systems.
Bone densitometry demonstrated the presence of
low BMD in distal radius region (mid-radius T
score, −2.6). Neck ultrasonography (USG)
revealed 24 mm fusiform hypoechoic lesion on
the left superior parathyroid region which was
suspicious for parathyroid adenoma. MIBI scintigraphy also confirmed the presence of parathyroid adenoma at the same location. Due to the
presence of hypercalcemia, nephrolithiasis, and
osteoporosis, surgical intervention was planned
for the definitive treatment of primary hyperparathyroidism. However, the surgical intervention
had to be postponed until 3 months due to recent
deep vein thrombosis and pulmonary embolism
which was demonstrated to be secondary to the
presence of heterozygous factor V Leiden mutation. In order to control high plasma calcium levels in this period, medical treatment with adequate
hydration (200 mL/h), calcitonin 100 IU SC
(bid), and ibandronic acid 2 mg IV (with dose
adjustment according to low eGFR level) was
performed. Three weeks later plasma calcium
levels began to rise again (Ca:12.1 mg/dL) and
bisphosphonate injection was repeated with IV
zoledronate 4 mg as the eGFR levels were normalized. Due to recurrent high plasma calcium
levels despite bisphosphonate treatment and
unavailability of surgery, cinacalcet 30 mg PO
bid was initiated 4 weeks later to control hypercalcemia, and the dose was gradually titrated up
to 60 mg bid. Plasma calcium levels were barely
maintained between 10.8 and 11.3 mg/dL with
hydration and cinacalcet treatment. After
3 months of pulmonary embolism treatment,
parathyroid adenoma surgery was planned.
However, due to present comorbidities, the
patient was reluctant to receive surgical treat-

ment, and she refused invasive intervention. After
a council meeting with divisions of endocrine
surgery and nuclear medicine, the patient was
referred for percutaneous radiofrequency ablation (RFA) therapy for the treatment of parathyroid adenoma.

71.2

Discussion

71.2.1 Evaluation and Diagnosis
Differential diagnosis of the two most common
etiologies is essential in the evaluation of hypercalcemia: (1) primary hyperparathyroidism and
(2) malignancy. In this patient presence of severe
hypercalcemia (Ca > 14 mg/dL) and history of
recent thromboembolism elicit diagnosis of
malignancy more likely. However, malignancy-
related hypercalcemia is generally associated
with low PTH levels, and hypercalcemia is often
more symptomatic associated with higher calcium levels with more rapid increases [1].
Presence of malignancy, vitamin D intoxication,
multiple myeloma, thyrotoxicosis, or immobilization should be considered for the differential
diagnosis in the absence of high PTH levels. In
this patient, frankly elevated PTH levels with
concurrent hypercalcemia, presence of bilateral
urolithiasis, and cortical bone resorption in distal
radius indicating a longer duration of hypercalcemia rather than a sudden onset made primary
hyperparathyroidism (HPT) more likely in the
initial evaluation, and the diagnosis was supported with the imaging findings which both
revealed parathyroid adenoma on the left superior side.

71.2.2 Management
The three main steps in the treatment of severe
hypercalcemia (Ca > 14 mg/dL) are (1) volume
expansion with isotonic saline (200–300 mL/h),
(2) administration of calcitonin (4 international
units/kg), and (3) concomitant IV bisphosphonate injection. Isotonic saline infusion corrects
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possible volume depletion due to hypercalcemia
and prevents exacerbation of hypercalcemia.
Calcitonin is a relatively weak agent which
works rapidly within 4–6 h; however, the efficacy is limited to the first 48 h due to the development of tachyphylaxis [2]. Bisphosphonates
are effective in treating hypercalcemia resulting
from excessive bone resorption of any cause.
Their maximum effect occurs in 2–4 days; therefore, they are usually used concomitantly with
saline and calcitonin treatment. Bisphosphonates
have potential nephrotoxicity related to dose and
infusion time. Lower initial doses of bisphosphonates (zoledronate 3 mg, ibandronic acid
2 mg) with a longer duration for infusion are recommended for patients with preexisting renal
impairment (CrCl <60 mL/min but ≥30 mL/
min). Ibandronic acid has a relatively safe renal
profile, and it is reported that it can be safely
used in patients with a GFR value over 30 mL/
min/1.73m2 [3]. Therefore, it was preferred in
the management of this patient until the renal
functions returned to normal.
Cinacalcet is a calcimimetic agent which is
primarily used in the presence of severe hypercalcemia due to parathyroid carcinoma and
hemodialysis patients with an elevated calcium-
phosphorus product and secondary hyperparathyroidism. Calcimimetics have also been
evaluated in patients with primary hyperparathyroidism [4]. Cinacalcet can be used to normalize
serum calcium in patients with severe hypercalcemia who are unable to undergo parathyroidectomy and with hypercalcemia that is refractory
to bisphosphonates or in whom bisphosphonates
are contraindicated due to severe renal impairment [4]. For patients who are unable to have
surgery, cinacalcet may be used at a dose of
30 mg, twice daily. Calcimimetic agents activate
the calcium-sensing receptor in the parathyroid
gland, thereby inhibiting PTH secretion [5].
Serum calcium should be monitored within
1 week after initiation or after dose adjustment.
Common side effects are nausea, vomiting,
abdominal pain, and arthralgia. In this patient,
cinacalcet was used in order to control high
plasma calcium levels which were unresponsive
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to repeated administration of bisphosphonates,
and the aim was to achieve normocalcemia until
definitive treatment was available.
Although parathyroidectomy operation was
determined to be the definitive treatment for this
patient, surgical intervention was postponed for
at least 3 months due to the presence of recent
pulmonary embolism episode secondary to heterozygous factor 5 Leiden mutation. The perioperative risk of venous thromboembolism
(VTE) is higher in individuals who experienced
recent pulmonary embolism within the prior
3 months [6]. Therefore, patients who require
surgery within the first 3 months following an
episode of VTE are likely to benefit from delaying elective surgery [6]. Without anticoagulation, the early risk of recurrent VTE is
approximately 50% [7]. On the other hand, RFA
treatment was also considered among the treatment options given that there was a risk of pulmonary
embolism
recurrence
in
the
postoperative period which could further deteriorate clinical status of the patient.
Radiofrequency ablation is a minimally invasive ablation method which is generally used in
the management of benign thyroid nodules for
volume reduction and improvement of associated
symptoms [8]. Lately, this method has also been
used in the management of HPT patients when
surgery is not eligible either because of contraindication due to high surgical risk associated with
comorbidities or patient refusal [9, 10].
Nonsurgical ablation of parathyroid adenoma is
performed to maintain normal plasma calcium
and PTH levels in these patients. Common complications are thermal injury to the surrounding
structures (recurrent laryngeal nerve, esophagus,
trachea, and vessels), hoarseness, brachial plexus
injury, and skin burn at the electrode puncture
site [9, 10]. The procedure is performed via insertion of an electrode to the related lesion under
USG guidance and ablation of the parathyroid
adenoma with 30 W of radiofrequency power.
Dextrose 5% injection may be used before the
intervention to create a safe zone between parathyroid adenoma and adjacent structures to prevent the risk of thermal injury [9].
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Differential diagnosis of parathyroid cancer
and parathyroid hyperplasia is required in patients
for whom RFA treatment is planned. Parathyroid
carcinoma is a rare cause for hyperparathyroidism, and it accounts for approximately 1% of
patients with primary hyperparathyroidism [11].
A markedly elevated PTH level (five to tenfold
higher than the upper limit of normal), severe
hypercalcemia (>14 mg/dL), or a large-sized
tumor (>3 cm) are predictive factors for parathyroid cancer [12]. Fine needle aspiration (FNA)
prior to initial operation is not recommended due
to technical difficulty in differentiating benign
and malignant disease on cytology specimens
and the possible associated risk of tumor seeding
from the needle track [11]. In patients with suspicious parathyroid malignancy, surgical treatment
is mandatory to remove the malignant lesion and
to obtain a histopathological diagnosis. The diagnosis of parathyroid carcinoma is based on histopathological findings such as local invasion and
lymph node or distant metastasis [11]. However,
nonsurgical RFA therapy should be an option to
reduce serum calcium levels in which surgery is
not possible due to comorbidities. Multiple-gland
hyperplasia is accounted for approximately 6%
of cases of primary hyperparathyroidism, and it
should also be ruled out with clinical and laboratory evaluation before RFA treatment [13]. In this
patient, degree of PTH elevation and parathyroid
adenoma size were not particularly suspicious for
the presence of parathyroid carcinoma, and there
was no sign of parathyroid hyperplasia during the
clinical, laboratory, or imaging evaluation.
Therefore, RFA was performed in order to control high plasma calcium levels when surgery was
not feasible.

71.3

Follow-Up and Outcome

On the first day after RFA, patient’s plasma calcium and PTH levels were 10.2 mg/dL and 40 pg/
mL, respectively. Six months later the patient’s
symptoms were significantly improved with normal calcium, and PTH levels (9.5 mg/dL and
69 pg/mL, respectively) and the size of parathyroid gland decreased by USG evaluation.

71.3.1 The Future
Further studies with larger patient series are
required to demonstrate safety and efficacy of
RFA therapy with longer-term management.

What Can We Learn from This Case?

• RFA is a minimally invasive ablation
technique which has been used as a safe
procedure in the treatment of benign
thyroid nodules for volume reduction.
• Although the only definitive treatment
of primary hyperparathyroidism is parathyroidectomy performed by an experienced endocrine surgeon, RFA which is
a nonsurgical procedure might be considered for the treatment of hypercalcemia in patients with high surgical risks
or who refuse surgical intervention.
• RFA therapy should not be considered
when there is suspicion of parathyroid
carcinoma or hyperplasia.
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Abstract

Hypercalcemia was detected in an elderly
female presenting with psychological symptoms. Primary hyperparathyroidism was diagnosed according to laboratory results. Normal
serum calcium (Ca) levels were restored following hydration and the administration of
furosemide and zoledronic acid. However,
parathyroidectomy was required. Because of
poor health, minimally invasive parathyroidectomy was the preferred method, requiring
adenoma localization. Neck ultrasonography
(USG) revealed a suspicious mass in the inferoposterior region of the right thyroid lobe that
can be a parathyroid adenoma. Scintigraphic
imaging could not be performed to confirm
the USG findings because of poor health.
Intraoperative parathyroid hormone assay
(quick PTH) was scheduled. During the operation, following the removal of the mass
revealed on USG findings, PTH levels
decreased from 579 to 50.8 pg/mL. On followS. Salman (*)
Istinye University Medical Faculty,
Department of Internal Medicine, Istanbul, Turkey
F. Tunca
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up, serum Ca, phosphate, and PTH levels
remained in the normal range, and cognitive
impairment gradually improved.

72.1

Case Presentation

An 82-year-old female was admitted to the emergency department of the hospital because of confusion, disorientation, and dehydration for the
previous 3 days. An endocrinology consultation
was requested because the serum calcium (Ca)
level was found to be 16 mg/dL at baseline evaluation. Her family reported that she had experienced fatigue, weakness, anorexia, weight loss
(8 kg), insomnia, and depression for a few
months, and a psychiatrist had prescribed escitalopram and olanzapine 2 months previously. Her
general health gradually worsened, food and fluid
consumption markedly decreased, and she had
been immobile for 2 weeks. She presented with
chronic atrial fibrillation and chronic obstructive
pulmonary disease. No bone fracture or determined kidney stone was observed. The prescribed
medication did not include drugs affecting Ca
levels (i.e., thiazides, vitamin A, etc.).
On physical examination, she was unconscious and dehydrated. Bilaterally, an expiratory
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wheeze could be heard on auscultation. Blood
pressure was 140/70 mmHg, with an arrhythmic
heart rate of 94 beats/min. On neck examination,
no mass was revealed. An approximately 5 cm
hard mass on the right scapula was palpated,
which was probably a lipoma; however, the possibility of an osteitis fibrosa cystica was also
considered.
The patient was hospitalized in the intensive
care unit (ICU).

72.2

Discussion

72.2.1 Evaluation and Diagnosis
In cases of hyper- or hypocalcemia, the first step
is to ensure that alterations in serum Ca levels are
not due to abnormal albumin concentrations.
Thus, albumin levels should be measured to correct serum Ca level [1]. However, in our patient,
serum Ca levels were extremely high and could
not be explained by a high serum albumin concentration. Indeed, her medical history record
showed a serum Ca level of 13.2 mg/dL 1 month
previously that had unfortunately been
overlooked.
The second most important laboratory test in
the diagnostic evaluation of hypercalcemia is
parathyroid hormone (PTH) assay. PTH can be
found at high levels or less frequently at low levels. Inappropriately normal PTH levels in spite of
hypercalcemia should be investigated the same
way as high PTH. Reasons for high PTH levels
(i.e., excessive PTH production) include primary
hyperparathyroidism (pHPT) (parathyroid adenoma, hyperplasia, and rarely carcinoma), tertiary hyperparathyroidism (long-term stimulation
of PTH secretion in renal insufficiency), ectopic
PTH secretion (very rare), inactivating calciumsensing receptor (CaSR) or G protein [familial
hypocalciuric hypercalcemia (FHH)] mutations,
and CaSR function alterations (lithium therapy).
The most common etiology of chronic hypercalcemia is pHPT. Malignancy is the second most
common cause of hypercalcemia with a suppressed PTH level [1]. Other leading causes of
hypercalcemia with a low PTH level include

granulomatous diseases (sarcoidosis, tuberculosis, silicosis), vitamin D intoxication, hyperthyroidism, and excessive Ca intake. Thiazides and
prolonged bed rest or inactivity can aggravate
hypercalcemia.
In all cases, serum creatinine (Cr) levels should
be measured to assess the renal function because
hypercalcemia may impair renal function, and the
renal clearance of PTH may be altered depending
on the fragments detected by the assay. It is essential to confirm low phosphate levels, which are
almost specific to pHPT along with urinary Ca
levels to distinguish pHPT from FHH [1].
The results of the baseline laboratory evaluations of our patient were as follows: (1) serum Ca,
16.0 (8.8–10.2) mg/dL; (2) phosphate, 1.41 (2.5–
4.5) mg/dL; (3) sodium, 135 (136–145) mmol/L;
(4) potassium, 2.57 (3.5–5.1) mmol/L; (5) magnesium, 1.26 (1.6–2.4) mg/dL; (6) albumin, 3.9
(3.5–5.2) g/dL; (7) Cr, 1.05 (0.5–0.9) mg/dL; (8)
alkaline phosphatase, 107 (35–105) U/L; (9) thyroid-stimulating hormone, 4.1 (0.27–4.20) uIU/
mL; (10) PTH, 443 (15–65) pg/mL (605 pg/mL
on second check); (11) 25-hydroxyvitamin D, 42
(20–50) ng/mL; and (12) 24 h urinary Ca, 428
(100–300) mg.
The diagnosis was pHPT based on high levels
of serum Ca (corrected Ca, 16.1 mg/dL), PTH,
and urinary Ca and low levels of serum phosphate.
Volume depletion because of low fluid consumption and inactivity in the previous weeks was an
important factor that provoked hypercalcemia.

72.2.2 Management
The emergent issue was to reduce the life-threatening high serum Ca to an acceptable level. In
most cases, because hypercalcemia leads to
dehydration, the initial therapy for significant
hypercalcemia begins with volume expansion.
Additionally, the use of loop diuretics is necessary to enhance sodium and Ca excretion.
Diuretics should not be initiated until the volume
status has been restored [1]. Considering the risk
of heart failure in our patient, rehydration was
accomplished relatively slowly [3 L i.v. (intravenous) saline in the first 24 h, followed by 2 L
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daily]. Decreased magnesium and potassium levels were also recovered. On the second day, i.v.
furosemide was added. Antiresorptive agents are
used as a supporting modality in hypercalcemia
treatment [1] and bone loss improvement due to
pHPT [2]. The onset of i.v. bisphosphonates
action on serum calcium levels occurs within following 1–3 days, with normalization of serum Ca
levels in the 60–90% of patients [1]. Zoledronic
acid (4 mg i.v.) was used in our patient, and the
serum Ca level was decreased to 9.5 mg/dL on
the third day of administration (the fifth day of
admission).
Patients with pHPT often present with neuropsychiatric symptoms and cognitive impairment,
which are rarely isolated manifestations [3, 4].
Cognitive tests on the third day of hospitalization
revealed severe global impairment suggesting
dementia. Escitalopram and olanzapine were
stopped on the admission day.
Parathyroidectomy is the fundamental therapy
of symptomatic pHPT. In patients with severe
hypercalcemia, who are unable to undergo parathyroidectomy, cinacalcet can be used to normalize serum Ca levels [5]. Cinacalcet is a
calcimimetic agent that increases the sensitivity
of CaSR activation by extracellular Ca. However,
in the long-term, the drug has only a modest
effect on serum PTH levels and no effect on bone
mineral density (BMD). Currently, cinacalcet can
be particularly useful as a short-term pretreatment prior to surgery, allowing the completion of
diagnostic procedures and a safe waiting period
[6]. Because acceptable Ca levels were shown,
calcimimetic drugs were not administered.
Advanced age is associated with greater morbidity, intra- and postoperative complications,
and higher mortality rate following parathyroidectomy [7]. Nonetheless, surgery is also recommended in older individuals meeting the criteria
for parathyroidectomy when they are medically
stable with no contraindications for an operation
and/or when the benefits of surgery outweigh the
associated risks [8]. Our patient presented with
symptomatic pHPT. Even though she had certain
health problems, there were no absolute contraindications for surgery.
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Ultrasonographic (USG) evaluation intended
to identify the complications of pHPT revealed
no kidney stones and the mass on the scapula to
be a lipoma and not a brown tumor (osteitis
fibrosa cystica). The measurement of BMD was
postponed until the patient’s condition improved.
Several studies have recommended the use of
either sestamibi (MIBI) scintigraphy or USG as a
single imaging modality in preoperative localization in pHPT [9, 10]. The sensitivity of USG for
the detection of single parathyroid adenomas
ranges from 65% to 90%. Therefore, if USG and
MIBI imaging were concordantly positive for the
same localization(s), accurate localization was
accomplished in 91% of the patients. The rate of
localization was 96% in single-gland disease in
the setting of concordant imaging results but
decreased to 42% in multiglandular disease [11].
On USG evaluation, a 10.3 × 9.4 × 16.5 mm mass
was detected in the inferoposterior region of the
right thyroid lobe which could not be clearly
defined as a parathyroid adenoma or thyroid nodule. For further evaluation, parathyroid scintigraphy could not be performed in this patient
because of the poor health status during the treatment in the intensive care unit. In patients with
pHPT, parathyroid imaging has become a standard preoperative procedure to locate abnormal
parathyroid tissue, emphasizing the value of
imaging tests to accurately identify abnormal
parathyroid tissue to assist in planning the appropriate parathyroid surgery. However, no level of
imaging substitutes for the expert parathyroid
surgeon [12].
Conventional parathyroidectomy with fourgland exploration is mostly preferred when preoperative imaging modalities could not localize
the adenoma or if they reveal a suspicion of multiglandular disease [13]. Minimally invasive
parathyroidectomy (MIP) is another surgical
option in patients with preoperative imaging
modalities (MIBI and USG) that reveal the same
localization. MIP also has various benefits, such
as reduced operative time and fewer complications than conventional four-gland exploration
[13]. Our patient underwent minimally invasive
parathyroidectomy.
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PTH has a mean circulating half-life of
3.5–4 min in patients with normal renal function.
Rapid intraoperative PTH assays (quick PTH)
have proven remarkably accurate in either confirming the adequacy of resection or predicting
residual disease [13]. The most commonly
employed algorithm utilizes the Miami criterion,
requiring a PTH fall of 50% compared with the
highest of either the premanipulation or preexcision sample [13, 14]. A quick PTH assay can also
analyze the aspirate of a resected parathyroid
gland to prove the parathyroid origin of the tissue, thereby replacing frozen-section analyses
[13]. The indication of intraoperative PTH measurement in all MIP procedures is controversial.
Some studies have reported no benefit when the
adenoma is localized [15]; however, other studies
have concluded that monitoring is essential to
avoid a surgical failure in MIP [16, 17]. In every
case, having an experienced surgeon is vital. Our
patient’s operation was performed by an experienced surgeon. Respective PTH levels were
found to be 579, 114, and 50.8 pg/mL preoperatively at 5 min and at 15 min following the
removal of the mass, respectively.
Postoperatively, Ca levels were stable, at
approximately 9.3 mg/dL, and not complicated
by the hungry bone syndrome. A lower incidence
of transient postoperative hypocalcemia following MIP compared with that following a traditional bilateral cervical exploration remains
unclear [18].

72.3

Follow-Up and Outcome

Histopathological examination revealed a
12 × 10 × 5 mm parathyroid adenoma. During the
follow-up, serum Ca, phosphate, and PTH levels
remained in the normal range. According to the
literature, cognitive impairment observed for different reasons among the older population in the
ICU, particularly women, is multifactorial and
irreversible [19]. On the third and sixth months of
the follow-up, the cognitive impairment of the
patient gradually improved to the mild-middle
levels, which was expected following pHPT treatment [3, 4]. This improvement was partly

explained by the baseline tests being performed in
unfavorable conditions (i.e., in the ICU when she
was dehydrated just a few days previously) [20].
BMD was measured by dual-energy X-ray
absorptiometry 1 month after parathyroidectomy,
which revealed T scores of −2.9, −2.7, and −3.2
on the vertebra, femur total, and distal radius,
respectively. On follow-up, 800 IU/day vitamin
D was initiated considering the long-term benefits of adenoma resection and zoledronic acid on
bone metabolism.

What Can We Learn from This Case?

• Presentation with cognitive impairment
of primary hyperparathyroidism is possible in elderly patients.
• Successful treatment can improve
declined mental status.
• MIP is a suitable therapeutic option and
has several benefits, such as reduced
operative time and fewer complications.
• An experienced surgeon is very important for parathyroid surgery.
• Intraoperative PTH assay (quick PTH)
increases the success of the surgery.
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Abstract

Case Report: A 45-year-old man admitted to
an outside hospital with a history of nephrolithiasis, diffuse joint pain, and problems with
walking, lasting for a year. The patient had
normal findings on physical examination.
Blood tests revealed elevated serum calcium,
alkaline phosphatase, parathyroid hormone
(PTH), and a decreased phosphate level.
Ultrasound of the neck showed no evidence of
parathyroid adenoma. Subsequently, a computed tomography scan of the thorax showed a
hypervascular solitary nodule of 2 cm in the
anterior mediastinum, at the level of the anterior aspect of the ascending aorta. 99mTc
methoxyisobutylisonitrile (MIBI) scintigraphy confirmed the presence of an adenoma.
Surgery was performed thoracoscopically
with the da Vinci Si robotic system. Four ports
were used for the operation, three of them for
the robotics arms and one for assistance. Postexcision PTH level was used for intraoperative confirmation of success. The total
operative time was 119 min. Intraoperative
blood loss was minimal, and no complications
occurred during the operation. The patient was
discharged without any complications on the
fourth postoperative day.
Ö. Makay (*) · M. Özdemir
Division of Endocrine Surgery, Ege University,
İzmir, Turkey

The robotic technique provides excellent
visualization with a three-dimensional view,
better color resolution, better contrast, precision, and enhanced skills in order to ensure an
effective, safe, and accurate operation. The
robotic approach is our preferred method for
mediastinal located parathyroid glands.
Besides, accurate localization of the ectopic
parathyroid gland(s) due to preoperative
screening is an important aspect of the robotic
approach.

73.1

Case Presentation

A 45-year-old man with a body mass index of 22
is presented to an outside hospital with a history
of nephrolithiasis, diffuse joint pain, and problems with walking for 1 year. His serum calcium,
parathyroid hormone (PTH), and alkaline phosphatase (ALP) levels were increased. A bone
scintigraphy was performed, and the findings
confirmed a metabolic bone disease. For which,
the patient was presented to our institution for
further evaluation.
The patient had normal findings on physical
examination. However, blood tests revealed an
elevated serum calcium (12.9 mg/dL; normal
value, 8.5–10.2 mg/dL), elevated ALP (2540 U/L;
normal value, 20–120 IU/L), decreased phosphate (1.7 mg/dL; normal value, 2.4–4.1 mg/dL),
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and an elevated PTH level (1529.2 pg/mL; normal value, 13–54 pg/mL).
Ultrasound (USG) of the neck which is performed with regard to these findings showed no
evidence of parathyroid adenoma.

73.2

Discussion

73.2.1 Evaluation and Diagnosis
The parathyroid glands are generally located in
the cervical region, just behind the thyroid gland.
These glands are involved in the production of
PTH, which is important for the concentration of
calcium and phosphate in the blood. In some
cases, there is an excess of PTH in the bloodstream due to overactivity of one or more of the
parathyroid glands, also called primary hyperparathyroidism. In addition, 15–20% of patients
with abnormally functioning parathyroid glands
have ectopic parathyroid glands due to abnormal
migration during embryogenesis [1]. These
glands can be located at any anatomical location
from the base of the tongue to the mediastinum.
An ectopic parathyroid tissue outside the neck
region cannot be seen with USG. 99mTc-methoxyisobutylisonitrile (MIBI) scintigraphy and computed tomography (CT) can be used to detect a
mediastinal ectopic parathyroid adenoma.
In this case, a CT scan of the thorax and abdomen showed a 2-cm hypervascular solitary nodule at the anterior mediastinum, at the level of the
anterior aspect of the ascending aorta (Fig. 73.1).
This was confirmed by a 99mTc-MIBI scintigraphy (Fig. 73.2). In addition, the CT scan identified the diffuse heterogeneous density of the bone
structures and a well-defined lytic bone lesion of
2.2 cm at the level of the left femoral head, which
may be associated with a brown tumor. With
regard to this, a bone scintigraphy was performed
which showed a diffusely increased bone activity.
This finding could be consistent with the ectopic
parathyroid adenoma. Primary hyperparathyroidism may occur as a part of multiple endocrine
neoplasia type 1 (MEN-1) and type2A. Multiple
endocrine neoplasia type 2A (MEN-2A) is a
hereditary condition associated with three pri-

Fig. 73.1 Mediastinal parathyroid adenoma (CT image)

Fig. 73.2 Mediastinal parathyroid adenoma detected
with MIBI scintigraphy

mary types of tumors: medullary thyroid cancer,
parathyroid tumors, and pheochromocytoma.
Multiple endocrine neoplasia (MEN-1) was originally known as Wermer’s syndrome. The most
common tumors seen in MEN-1 involve the parathyroid gland, islet cells of the pancreas, and
pituitary gland. Therefore, a magnetic resonance
imaging (MRI) of the pituitary gland was performed to exclude this option. The MRI scan
showed no abnormalities, and therefore MEN-1
was ruled out. During the preoperative period,
serum calcium level was determined daily due to
hypercalcemia. High serum calcium level was
tried to be corrected and treated with intravenous
saline hydration, furosemide, and pamidronate.
Nevertheless, the serum calcium levels remained
high at two consequent measurements (>15.0 mg/

73

Robot-Assisted Endoscopic Mediastinal Parathyroidectomy

dL); therefore, hemodialysis was carried out two
times prior to surgery.

73.2.2 Management
Removal of these ectopic parathyroid glands
depends on their size and location. In most cases,
these glands are found in the superior mediastinum which can be successfully removed by a cervical approach [2]. One-third of the ectopic
parathyroid glands migrate deep into the mediastinum which are not accessible with a low cervical incision [3]. The ectopic parathyroid glands
were previously removed by performing a sternotomy or thoracotomy [4]. However, these open
procedures were correlated with a higher morbidity risk, high complication rate, longer postoperative recovery, and poor cosmetic results [4]. In
the past decades, video-assisted thoracoscopic
surgery (VATS) was described to be safer, less
invasive, effective, and a feasible procedure for
resection of deep mediastinal parathyroid lesions
[5]. However, randomized controlled trials should
be carried out to support these findings.
Recently, another alternative minimally invasive technique was introduced to the surgical
treatment of ectopic mediastinal parathyroid,
namely, the da Vinci® robotic system. In a similar context, this technique has already made a significant contribution to, among others,
thymectomies [6]. This technology revolutionized the field of minimally invasive surgery.
This patient was evaluated by the
Multidisciplinary Endocrine Consultation Team.
The team proposed to perform a thoracic resection
of the MIBI-positive mediastinal solitary nodule
using a robotic-assisted approach. Informed consent was obtained from the patient, and finally, the
operation was performed totally thoracoscopically
with the da Vinci Si robot system ® (Intuitive
Surgical Sarl, Aubonne, Switzerland) with intraoperative intact PTH guidance.
The da Vinci robot consists of a manipulator
unit with three arms (two instrument arms and a
central arm to guide the endoscope) and a remote
master console (optical control with three-dimensional vision and tele manipulators of the arms). A
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right-sided approach was chosen due to the location of the solitary ectopic gland. The patient was
positioned in a supine position at the edge of the
operating table by placing silicone gel behind his
right shoulder/upper back. Finally, the patient was
somewhat tilted to the left side. The right arm was
positioned below the table level with flexion at the
elbow. The procedure was performed under general anesthesia with double-lumen endotracheal
tube intubation for left single-lung ventilation. The
right parietal pleura was incised, and the right
chest cavity was entered. A 12-mm port for the
30−degree upward stereo endoscope was placed
in the fifth intercostal space at the mid-axillary
line, where the incision was made previously for
entering the right cavity. Subsequently, two 8-mm
robotic operating ports were positioned, both at
the anterior axillary line, in the third and sixth
intercostal spaces. The three robotic arms of the da
Vinci system were attached to these three ports.
An accessory additional port was placed in the
midclavicular line, just below the nipple of the
breast (Fig. 73.3). The procedure was performed
by two surgeons, one at the console and one surgeon assisting at the operating table using the
additional port. The right lung was deflated, and
CO2 insufflation was set at 10 mm Hg through the
camera port with careful hemodynamic monitoring. With this, there will be an improvement of the
visualization of the operative field by washing out
diathermy smoke. Fenestrated bipolar forceps and
electrocautery hook with EndoWrist® action were
used for dissection of the ectopic gland. Dissection
was started toward the ectopic gland, which was
marked previously on the skin. The mediastinal
pleura was opened until the left parietal pleura was
visible. Dissection proceeded toward the ascending aorta, and the ectopic gland was identified
adjacent to this major blood vessel. The ectopic
gland was manipulated and finally removed using
the instruments (Fig. 73.4). The right nervus
phrenicus and the esophagus were identified and
preserved. After completion of the dissection, the
ectopic gland was removed from the thoracic cavity using an Endo Catch™ bag. At the end of the
operation, a chest tube was placed and directed
toward the apex of the right hemithorax.
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Fig. 73.3 Patient and
port positioning for
robotic transthoracic
parathyroidectomy

Fig. 73.4 Mediastinal parathyroid adenoma during
transthoracic robotic surgery

The total operative time was 119 min; however, the robotic act took 35 min and the docking
time lasted only 5 min. Intraoperative blood loss
was minimal, and no complications occurred during the operation. There was no recorded bleeding. Serum PTH and calcium levels were
determined 20 min post-excision. PTA level
showed an appropriate decrease after removal of
the ectopic gland (31.6 pg/mL), and calcium
level also showed a decrease (9.1 mg/dL). The
patient recovered from the post-anesthesia recovery unit and was transferred to the regular nursing unit on the same day. A chest X-ray was
performed and did not show any signs of a pneumothorax. The chest tube was removed on day
one, postoperatively.
With regard to hungry bone syndrome, serum
PTH and calcium levels were assessed daily during the postoperative period. During the early
postoperative period, calcium levels dropped

slightly below normal levels. Hereby, the patient
received calcium and vitamin D3 supplements.
There were no postoperative complications.
Finally, the patient was discharged with calcium
and vitamin D3 supplements and the tissue was
histopathologically confirmed as a parathyroid
adenoma.
Parathyroid glands, which are often removed
through sternotomy or thoracotomy, are rarely
located in the mediastinum (<1–3%) [3]. In this
article, we described the robotic approach of the
ectopic mediastinal parathyroid gland. This
method of the management of mediastinal adenomas has more significant advantages when
compared to conventional and maybe even the
VATS procedure. Compared with the conventional open approach, the robotic technique
seems to have significant benefits in quality of
life and morbidity [7]. Likewise, in the current
literature, multiple case reports have described
the robotic technique with similarly promising
results like the VATS procedure [8, 9]. In addition, the da Vinci® robotic system gives the
opportunity for a more comfortable approach of
the tissue compared with the disadvantages of
the VATS procedure (e.g., two-dimensional
view, unstable camera platform, and poor ergonomic position of the surgeon). The robotic
technique provides excellent visualization with
a three-dimensional view, better color resolution, better contrast, precision, and enhanced
skills in order to ensure an affective, safe, and
accurate operation [8–10]. These potential
advantages ensure the possibility for the differentiation of the ectopic parathyroid gland from
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surrounding tissue (e.g., adipose and thymus).
Hereby, the technique is very useful to access
small and remote surgical fields.
In the current literature, the robotic technique
is increasingly described by other medical specialties. There are promising results in cardiac,
gynecologic, urologic, transplantation, and general surgery. As aforementioned, there already
have been several reports presenting the outcome
of the robot-assisted mediastinal parathyroidectomy, which are promising [11, 12]. However, to
date, there is a lack of studies with larger cohorts
and randomized control trails to confirm these
outcomes. Furthermore, almost all studies
described robot-assisted mediastinal parathyroidectomy and have several limitations, such as
small sample size and single-center experience,
and most of them are case reports.
With the use of high sensitive radiographic
modalities (e.g., MIBI scan, CT, MRI, and
venous blood sampling), more ectopic parathyroid glands can be detected in patients with
symptoms matching with hyperparathyroidism
[13]. Due to the advances in preoperative
screening, it provides the ability to determine
the accurate localization of the ectopic parathyroid gland(s). This is one of the key concepts of
endocrine and robotic surgery, which makes targeted minimally invasive approaches feasible.
Inadequate diagnostic imaging could lead to
wasted time and failed surgery procedure for a
hyperactive ectopic parathyroid gland [14, 15].
At our center, localization begins with USG and
a MIBI scan, involving the chest together with
the neck.
Despite the potential advantages and promising results of the robotic technique, there are also
some obstacles to perform this technique. First of
all, there is a need for a specially trained surgical
team to perform the robotic technique. All participants are closely involved with the operation,
including the surgeon(s), assistants, anesthesiologist, and other personnel. The surgeons also have
to undergo training to achieve the robotic surgery
skills. These aspects are very important for a successful robotic procedure. Besides, the robotic
technique ensures a high cost which is caused by
the additional cost of the da Vinci® robotic system and the robotic instruments.
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The Future

Robotic surgery will continue to evolve in parallel with people’s imagination and technology. In
the future, the robotic arms will feel human tissue
as a real hand of a surgeon and provide tactile
feedback. Also, we will see the single-incision
port and snake-like arms in the future. These
snake-like arms will be able to enter in a single
incision and work in areas where human hands or
other conventional tools cannot reach.

What Can We Learn from This Case?

• In patients with signs and symptoms of
hypercalcemia, primary hyperparathyroidism should be the first diagnosis that
comes to mind.
• The most common cause of primary
hyperparathyroidism is solitary parathyroid adenomas.
• With the combined use of ultrasound
and MIBI scintigraphy, 90% of solitary
parathyroid adenomas can be localized.
• When parathyroid adenomas cannot be
localized by USG and MIBI scintigraphy,
advanced examinations such as CT, MRI,
and endosonography can be performed.
• Endocrine surgeons have to know the
anatomy and embryology of the parathyroid glands very well.
• Possible anatomical location of ectopic
parathyroid adenomas should be known.
• Surgical planning should be performed
in mediastinal parathyroid adenomas
according to adenoma location.
• Minimally
invasive
thoracoscopic
approach in deep mediastinal parathyroid
adenomas is a good treatment option.
• The robotic technique provides excellent
visualization with a three-dimensional
view, better color resolution, better contrast, precision, and enhanced skills in
order to ensure an effective, safe, and
accurate operation.
• Therefore, the robotic approach is our
preferred method for mediastinal
located parathyroid glands.
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Focused Parathyroid Surgery:
Minimally Invasive
Parathyroidectomy via
a Mini-incision
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Abstract

The most common cause of hypercalcemia
is primary hyperparathyroidism (PHPT).
Solitary adenoma is detected in 85% of cases,
and it is possible to treat these cases with minimally invasive parathyroidectomy (MIP).
We present a 53-year-old female patient of
PHPT diagnosed with asymptomatic hypercalcemia and single adenoma, who underwent
open-focused MIP via a mini-incision.
In the event of a single adenomatous lesion,
diagnosis is possible with the ultrasonography
and Tc-99m-sestamibi scintigraphy. If necessary biochemical studies (parathormone washout, intraoperative parathormone monitoring
(IPM)) and additional imaging (intraoperative
USG) or radioguided approach can be used,
which offers lower morbidity rates and similar
success rates when compared to conventional
methods, and this procedure yields good
outcomes.

O. Yalçın · S. Günay (*)
University of Health Sciences (SBÜ),
Okmeydanı Training and Research Hospital,
Division of Breast and Endocrin Surgery,
Okmeydanı, Istanbul, Turkey

There are multiple MIP methods, and our
clinic uses open mini-incision focused surgical technique. In this report, diagnosis and
treatment methods of the disease are
discussed.
The most critical factor regarding surgical
success and treatment is the surgeon. If the
appropriate surgical technique is selected
according to the patient’s condition, those surgeons experienced in endocrine surgery can
safely apply open MIP.

74.1

Case Presentation

Hypercalcemia was detected on routine blood
examination of a 53-year-old postmenopausal
woman without any complaints. Physical examination was normal, and there were no remarkable
findings other than a history of type 2 diabetes
and hypertension. The patient had undergone surgery for ectopic pregnancy 20 years ago. Serum
calcium level was 11.3 mg/dl (8.4–10.2 N), phosphor level 2.8 mg/dl (2.7–4.5), serum parathormone (PTH) level 154 mg/dl, and 24-h urinary
calcium excretion 270 mg. Imaging studies were
performed based on these data, and the preliminary diagnosis of primary hyperparathyroidism
(pHPT) was made.
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Head and neck ultrasonography (USG) of the
thyroid gland showed an 18 × 13 × 10 mm mass
in the inferior pole of the right lobe of the thyroid
gland, and this was regarded as a parathyroid
adenoma.
The abdominal USG showed normal findings,
and no urinary stones were detected.
On bone mineral density, T-score of the spine
was 1.5 (osteopenic). Tc-99m MIBI delayedphase scans (120 min) showed an increased
uptake in the inferior pole of the right thyroid
lobe that may be compatible with an adenoma.
The case was discussed at the endocrinology
council, and the patient became a candidate for
focused surgery as the two imaging methods
(USG and MIBI) consistently pointed to the same
site. After preoperative procedures, a blood sample was withdrawn for PTH measurement before
an incision was made to the marked surgical site
under general anesthesia. A cutaneous and subcutaneous transverse incision of 2 cm was made
parallel to the cleavage lines across the sternocleidomastoid (SCM) muscle on the side of the
localized adenoma 2 cm above the sternal notch
(Fig. 74.1) for preparing the mini flaps; platysma
was split appropriately.
The strap and sternocleidomastoid (SCM)
muscles were separated to expose the thyroid
gland, and the enlarged parathyroid gland was
exposed posterior to the inferior pole of the thyroid gland by identifying the thyrothymic ligament (Fig. 74.2). The gland was handled with an
atraumatic tool and separated from the median
thyroid vein and thyrothymic ligament using
hemostatic mini clips while preserving the surrounding tissue, particularly the carotid artery
and internal jugular vein, and the adenoma was
placed over the strap muscles and excised by preserving the capsule. After 10 min, blood was
drawn for intraoperative PTH measurement. The
baseline value (pre-incision PTH) was 148 mg/
dl, and the second value was 28 mg/dl. The value
was found to be sufficient, and the operation was
terminated. Serum calcium at postoperative 2 h
was 8.5 mg/dl. On the following day, the incision
site was found to be intact. Calcium and PTH levels were within normal ranges, and the patient
was discharged after she was provided with

Fig. 74.1 Incision for MIP

Fig. 74.2 Enlarged Parathyroid gland (PT parathyroid, T
thyroid, VC vagina caroticum aroticum, SCM sternocleidomastoid muscle, ITA arteria thyroidea inferior)

information about potential complications, particularly on the symptoms of hypocalcemia. Her
serum calcium level was 8.9 mg/dl, and PTH
level was 22 mg/dl at the 1-week follow-up. The
pathologic examination revealed 18 mm diameter
adenoma (Fig. 74.3).
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Fig. 74.3 Parathyroid adenoma

74.2

Discussion

74.2.1 Evaluation and Diagnosis
Hypercalcemia is defined as elevated plasma calcium levels above the upper limit of 1 mg/dl
determined by the reference laboratory values,
and the most common cause is pHPT. Adenomas
or hyperplasia in multiple glands and parathyroid
carcinoma are the responsible etiology. Solid
adenoma is responsible for >85% of HPT cases;
double adenoma is responsible for 7% of the
cases and to a lesser extent intrathyroidal
adenoma.
Elevated calcium levels are the characteristic
feature of the disease, and it is a heterogeneous
disorder manifesting with different symptoms in
different age groups in clinical practice. The
diagnosis is confirmed biochemically; therefore,
in cases suspected to have pHPT, one should initially investigate the accuracy of the diagnosis.
For this purpose, causes of secondary hyperparathyroidism (sHPT) and familial hypocalciuric
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hypercalcemia must be taken into consideration
in differential diagnosis [1, 2]. In secondary HPT,
calcium levels are normal or low, whereas in
FHH, 24-h urinary calcium excretion is lower
than 100 mg; therefore, repeated measurement of
serum calcium and serum calcium corrected for
albumin levels must be determined. Furthermore,
24-h urinary calcium excretion (<100 ml) and
calcium/creatinine ratio (<0.01) favor the diagnosis of sHPT. These measurements have to be
obtained because they are essential in confirming
the diagnosis of pHPT and ruling out other
possibilities.
In contrast to other etiologies, primary HPT is
treated surgically [1] (Recommendation (Rec)-1-1).
In cases diagnosed with primary HPT, the knowledge of bone mineral density is crucial for accurately estimating PTH and 25-hydroxyvitamin D
levels [1] (Rec-1-5). Creatinine clearance and 24-h
urinary calcium excretion as well as the urinary calcium/creatinine ratio play an essential role in the
diagnosis and clinical judgment. Treatment must be
planned for patients meeting diagnostic criteria for
primary HPT by determining the location of pathological gland/glands as soon as possible [2, 3]
(Table 74.1).
Parathyroidectomy is indicated in patients
aged <50 years, those who are diagnosed with
symptomatic or asymptomatic pHPT, those with
a serum calcium level of >1 mg/dl above the
upper limit, those with a T-score of 2.5 or existing fracture or fracture risk in the skeletal system,
those with a creatinine clearance of <60 ml/min,
and those with an existing or would have the risk
of developing kidney stones [2, 3].

74.2.2 Management
Parathyroid surgery has shown important changes
in the last 20 years; therefore, the decision to
operate in cases diagnosed with pHPT should be
followed by planning of surgical methods.
Detection of pathological gland or glands is the
most important factor that would guide this planning. Imaging methods are used for this purpose
[4]. The results of the imaging studies are used
for selecting the surgical technique and not for
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Table 74.1 Indication for minimally invasive surgery in
pHPT cases [2]
(1) Age < 50 years
(2) Serum calcium >1 mg/dl or > 0.25 mmol/l of
the upper limit of the reference interval for total
calcium and > 0.12 mmol/l for Ca2+
(3) BMD T-score ≤ −2.5 at the lumbar spine,
femoral neck, the total hip, or the 1/3 radius for
postmenopausal women or males >50 years. A
prevalent low-energy fracture (i.e., in the spine)
is also considered an indication for surgery,
which requires a routine X-ray of the thoracic
and lumbar spine (or vertebral fracture
assessment by DXA)
(4) Glomerular filtration rate (GFR) of <60 ml/min.
Further evaluation of asymptomatic patients
with renal imaging (X-ray, CT, or ultrasound) in
order to detect silent kidney stones or
nephrocalcinosis is advised [2]. A complete
urinary stone risk profile should be performed
in those individuals whose urinary calcium
excretion is >400 mg/day. If stone(s),
nephrocalcinosis, or high stone risk is
determined, surgery should be recommended

confirming surgical indication or the diagnosis.
The knowledge of concurrent thyroid pathologies
requiring surgery is also necessary while evaluating the patients.
USG is the preferred imaging method among
the other methods. The thyroid gland and lymphatic system have to be evaluated in detail with
the parathyroid glands using head and neck
USG. Abdominal USG must be performed for
differential diagnosis of concurrent secondary
HPT (to evaluate the urinary tract) [4].
Although USG performed by experienced
radiologists is crucial, it may be inadequate for
determining the localization of the pathological
gland, but its diagnostic value can be significantly
increased by performing scintigraphy together.
The most commonly used scintigraphy modality is Tc-99m MIBI. It was first introduced by
O’Doherty and is still used [5]. It is not operatordependent as USG. Furthermore, it is capable of
visualizing ectopic and intrathoracic adenomas.
Compared with USG, it was found to be more
efficient particularly in cases with posteriorly
located and ectopic parathyroid glands. The sensitivity of MIBI in detecting adenoma ranges
from 60% to 93% [5, 6]. On the other hand, the

sensitivity of USG varies between 53% and 90%
in different series, and studies have reported that
the rate of an accurate diagnosis increases up to
96% when Tc-99m MIBI is performed with USG
together [5].
The two imaging methods being consistent in
determining the location of the pathological
gland would increase the success rate of focused
surgery. It was also reported that false-negative
results might lead to intraoperative switching to
bilateral exploration in MIP and therefore to an
increased cost of surgery [6].
In cases with suspicious USG findings, preoperative PTH analysis of ultrasound-guided fine
needle aspiration (FNA) washout fluid contributes to confirming the localization [1, 2, 6]. We
also have been using the same method in cases of
discordant MIBI and US as well as in suspicious
cases.
The result is considered positive if the PTH
level in the washout fluid is higher than the serum
PTH level [7]. In the present case, the diagnosis
of pHPT was confirmed by serum calcium, PTH,
and vitamin D levels; 24-h urinary calcium excretion; USG+ Tc-99m MIBI scintigraphy; and PTH
analysis of preoperative FNA washout fluid.
For many years, bilateral exploration has been
regarded as the standard of care in the treatment
of primary HPT, and this method has been routinely performed until the end of the 1990s. In
this method, all glands are explored through a
classical KOCHER incision, and the pathological
gland/glands are excised [8].
Improvements in the imaging methods have
allowed the detection of the pathological glands
as well as exploration and excision only of the
involved gland. This is called MIP because it
involves a small incision, and the procedure is
termed as “focused” parathyroidectomy because
a particular parathyroid gland is targeted. The
focused surgery can be performed using an open
(mini-incision), endoscopic, and even robotassisted technique. Different from the open minimally invasive method, the minimally invasive
video-assisted parathyroidectomy (MIVAP)
method does not require flap preparation; the
gland site is accessed by an endoscope through
the layers after an incision has been made and the
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gland is dissected off as per the principles of
endoscopic surgery [9].
Surgical planning prioritizes achieving normocalcemic level with minimum morbidity, but it
also aims to minimize the rates of persistent or
recurrent hyperparathyroidism. The open MIP
approach allows better cosmetic results because
of small incision, shorter operation time, and
shorter duration of hospital stay; however, certain
conditions constitute an absolute or relative contraindication for MIP. Cases with a thyroid volume of >30 ml and additional thyroid pathology,
those with adenoma measuring ≥4 cm, a history
of neck surgery and/or radiotherapy, suspected
cancer, and familial or multiple gland involvements are absolute contraindications. Uncertainty
regarding localization, coagulopathy, contralateral recurrent laryngeal nerve damage, and obesity are relative contraindications [2, 8, 9]
(Table 74.2).
One of the limitations of the MIP technique in
focused surgery is that not all glands can be
explored via mini-incision. For this reason, intraoperative parathormone monitoring (IPM) was
introduced to evaluate surgical success. For this
purpose, PTH is measured before, and 10 min
after the incision and determination of the sufficiency of surgery depends on more than 50%
decrease in PTH level from baseline [10]. The
exploration should be continued if the value does
not decrease sufficiently. Open MIP is considered
to be superior to MIVAP, as it allows extension of
the incision to and exploration of other glands
when necessary [11].
The majority of the publications indicate that
IPM is required in focused surgery and it increases
Table 74.2 Contraindications to MIP [3]
Absolute
Neck irradiation therapy
history
Suspected localization
Suspected familiar
history
Carcinoma
Thyroid pathology
Giant adenoma

Relative
Neck surgery history
Anticoagulation therapy
Known contralateral nerve
injury
Chronic renal failure
Morbid obesity
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the success of surgery [11, 12]. Besides, the PTH
test is recommended by clinical centers in which
IPM is not in use; however, we prefer IPM recommended by contemporary guidelines [1] (Rec-61). Intraoperative use of USG by the surgeon is
another approach for detecting the pathological
gland during open MIP (surgeon-based ultrasound: SUS). This procedure is more accurate
regarding localization than USG and USG + scintigraphy; moreover, SUS significantly contributes
to cases where IPM is not possible [12].
Outcomes of focused surgery are similar to
those of bilateral exploration. With regard to
potential complications, focused surgery is distinctive and superior, and complications like
hypocalcemia and nerve injury are few. The use
of intraoperative nerve monitoring (IONM) has
been evaluated during this procedure; however, it
is not recommended during the first MIP, but it is
recommended during the second intervention or
bilateral exploration in case of recurrence [13].
Norman et al. examined 15,000 cases that
underwent surgery because of pHPT by a single
team to compare MIP and bilateral exploration,
and they analyzed 10-year follow-up data. They
used scanning instead of IPM and gamma meter
during surgery and argued that it provided them
to detect hyperplasia or adenoma in multiple
glands and that bilateral exploration is superior to
IPM. Furthermore, terminating the use of MIP
was advocated on the grounds that <5% cases in
which IPM was performed suffered from recurrence within 1–2 years and that they detected
25% more multiple gland disease in the other
group [14]. Nevertheless, the results of the study
were not confirmed during retrospective multicenter meta-analysis investigating the findings of
the study, and they demonstrated that MIP would
be the choice of method provided that it is used in
accurately selected cases using an appropriate
technique [15].
Today, robotic parathyroidectomy surgery is
also performed. Although its extensive use is
controversial because of the relatively prolonged
learning curve and high costs, robotic parathyroidectomy is considered applicable in selected
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cases when it is performed by an experienced
physician [16].
Open MIP intervention is performed on
selected patients via local anesthesia and light
sedation [17]. For the last 10 years, we have been
performing open MIP at our clinic on appropriate
cases, and we have used lateral mini-incision
parathyroidectomy technique described by
Agarwal [18]. We also have used local anesthesia
on high-risk and elderly patients. Multicenter
studies and meta-analysis comparing long-term
outcomes did not find statistically significant differences between general and local anesthesia
[17, 18]. Another advantage of this approach is
that morbidity rates are lower because in case of
recurrence after MIP, there is a chance for intervention on a site where no previous intervention
has been performed.
First day and first 6 months postoperatively
are termed as threshold periods. Hematoma or
seroma may be observed on the first day in cases
undergoing parathyroidectomy. The transient
hypocalcemia rate is reported to range between
0.5% and 45%, whereas permanent hypoparathyroidism (persisting after 6 months) is said to
range between 0% and 3.6%.
Although day surgery is possible in such
cases, it is recommended that the patients stay
overnight at the hospital. Operation notes must
be written by the surgeon, and all details must be
recorded [1] (-Rec-14-1). Monitoring for hematoma in the first few hours postoperatively [1]
(Rec-14.2) and monitoring parathormone and
calcium levels in the first 24 h would be appropriate [1] (Rec-14.3).
At the end of the first 6 months, the clinical
condition of the patient must be evaluated with
regard to recurrence, permanent hypoparathyroidism, nerve injury, and vitamin D levels (with
the assistance of an endocrinologist) [1]
(Rec-14-7).
If calcium and parathormone levels return to
normal range at the end of the first 6 months, the
patient may then be considered to be cured [1]
(Rec-15.1a). The patient must be examined for
sHPT if calcium levels return to normal levels,

but PTH levels remain elevated, and if there is
without any sign or symptoms, recurrence or rest
should be considered [1] (Rec-15b).
In cases diagnosed with normocalcemic HPT,
both calcium and PTH levels should return to
normal levels for the patient to be considered to
be cured.
In case of persistent hyperparathyroidism
(ongoing hypercalcemia and HPT) during follow-up, initial findings should be carefully
reviewed [1] (Rec-17.1).
Patients undergoing open MIP because of primary HPT are followed up with physical examination and blood calcium and PTH testing two or
three times (1st week, 1st month, and 3rd month)
in the first 6 months, and then with calcium, PTH,
and vitamin D level testing at the end of 6 months;
in case no problem is observed, we suggest that
patients should be followed up at 1-year
intervals.

74.3

Outcome

The patient was discharged from the hospital on
the first postoperative day. Early controls at the
1st week and 1st month were normal. No pathology was found also on the control examinations
on the late period (over the past 15 months).

74.4

Future

In the current practice, the principle of surgery is
to solve the problem using a minimally invasive
procedure as far as possible without compromising the patient’s quality of life. Minimally invasive approaches during parathyroid surgery
provide effective treatment with better life quality and lower costs. We believe that the results of
studies on minimally invasive interventions and
developments in imaging technologies will
enable us in detecting pathological glands more
accurately and focused surgery will be performed
by physicians on a more substantial number of
cases.
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What Can We Learn from This Case?

• Primary HPT is initially diagnosed biochemically, and the treatment of choice
is surgery.
• Solitary adenoma is the most common
cause of primary HPT, and MIP yields
good outcomes.
• Minimally invasive surgery can be feasible when the pathological glands are
detected using various imaging methods. USG has a high diagnostic yield
when used together with scintigraphy
by an experienced radiologist.
• Problems encountered in identifying the
pathological gland in some cases may
be resolved using PTH washout fluid,
IPM, and perioperative USG. The most
useful technique must be selected as per
the conditions of the given institution.
• In the last 20 years, many MIP methods
have been described and performed.
Although these methods have unique
features, they offer lower morbidity
rates and similar success rates compared
with conventional methods (bilateral
exploration).
• Another crucial element that influences
the surgical success and treatment process is the surgeon. Provided that the
case and surgical technique has been
accurately selected, those experienced
in endocrine surgery can safely perform
open MIP.

74.4.1 Clues for Physicians
for Performing Focused/MIP
Surgery
Superior parathyroid glands may be developmentally located on the posterior aspect of the recurrent laryngeal nerve or behind the inferior gland.
The superior parathyroid gland may be found on
the inferior thyroid artery and the intersection of
carotid and recurrent laryngeal nerve at a distance <1 cm.
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The superior parathyroid gland may also be
located under the thyroid capsule, and to reveal it,
the thyroid capsule should be opened during
surgery.
The thyroid capsule or parathyroid gland with
abnormal localization should be considered
within the tracheoesophageal groove.
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in Hyperparathyroidism
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Abstract

Hypercalcemia was detected in a 52-year-old
female while being investigated because of
recurrent renal stones. Metabolic profile
revealed hypercalcemia with hypophosphatemia and elevated parathyroid hormone level.
No pathological focus was demonstrated neither on neck ultrasonography nor 99mTechnetium-MIBI scintigraphy with single-photon
emission computed tomography. Bilateral
neck exploration was performed with the
diagnosis of primary hyperparathyroidism
(pHPT). All four parathyroid glands were
observed to be enlarged during the exploration. Subtotal parathyroidectomy (sPTX) was
performed. PHPT is a common endocrine disorder characterized by the excess production
of PTH, resulting in the dysregulation of calcium metabolism. The diagnosis of pHPT is
established due to biochemical examination.
Imaging studies are not used to confirm the
diagnosis but should be used for localization
of the pathologic glands and determine the
surgical strategy. Negative preoperative localization studies are highly predictive of multiglandular disease (MGD) in sporadic
pHPT. Parathyroidectomy is indicated for all
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Department of General Surgery, Istanbul, Turkey

symptomatic patients and should be considered for most of the asymptomatic patients.
MGD may not be excluded before surgery.
The possibility of MGD in pHPT should
always be kept in mind. sPTX is the standard
treatment approach for patients with sporadic
pHPT, whose all parathyroid glands are
enlarged.

75.1

Case Presentation

Hypercalcemia was detected in a 52-year-old
female while being investigated because of recurrent renal stones. The results obtained via laboratory examination were as follows: blood urea,
32 mg/dl; creatinine, 0.87 mg/dl; total protein,
7.2 mg/dl; albumin, 4.3 mg/dl; calcium, 11.1 mg/
dl; phosphorus, 2.8 mg/dl; parathormone, 165 pg/
ml (15–65); 25-OH vitamin D, 35 ng/ml; and
24-h urine calcium, 380 mg/d. The other biochemical tests revealed no abnormal finding. No pathological focus was demonstrated neither on neck
ultrasonography (USG) nor 99mTechnetium-MIBI
(methoxyisobutylisonitrile) scintigraphy with
single-photon emission computed tomography
(SPECT/CT). Bone densitometry measurement
of the patient revealed T-scores of −2.9, −2.9,
and −2.2 at the distal radius, femoral neck, and
lumbar spine, respectively. Bilateral neck exploration (BNE) was performed with the diagnosis
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Fig. 75.1 The appearance of the enlarged left superior
and inferior parathyroid glands during the surgery

of primary hyperparathyroidism (pHPT). All four
parathyroid glands were observed to be enlarged
during the exploration. The superior and inferior
parathyroid glands on the right side were
1.1 × 0.8 × 0.4 cm and 1.5 × 1 × 0.3 cm, and those
on the left side were 1.4 × 1 × 0.6 cm and
1.2 × 0.8 × 0.7 cm in size (Fig. 75.1) Subtotal
parathyroidectomy (sPTX) was performed. A
parathyroid remnant of 5 × 4 × 3 mm size was left
behind in the right lower pole, and a clip was
applied to it. Intraoperative parathormone
(ioPTH) levels were 201 pg/ml before resection
and 42 and 12 pg/ml at the 10th and 20th min
after resection.
Calcium and parathormone levels were
9.2 mg/dl and 14 pg/ml, respectively, on the first
postoperative day. Postoperative 6th-month calcium, PTH, and 25-OH vitamin D levels were
8,9 mg/dl, 37 pg/ml, and 45 ng/ml, respectively.

75.2

Discussion

75.2.1 Evaluation and Diagnosis
pHPT is a common endocrine disorder characterized by the excess production of PTH, resulting
in the dysregulation of calcium (Ca) metabolism
[1]. Women are affected more often than men by
a ratio of nearly 3:1 and also incidence increases
with age, rising dramatically after 50 years of age
similar to our case of 52-year-old female [2].
The clinical presentation of pHPT varies from
asymptomatic disease to classic symptomatic
disease in which renal and/or skeletal complica-

tions are observed. Currently, at the time of diagnosis, most patients do not have classic symptoms
or signs associated with pHPT and are often an
incidental finding.
The patients with asymptomatic pHPT may
not be truly asymptomatic as they may not carry
diagnosed vertebral fractures, renal stones, and/
or indistinct neuropsychiatric or neuromuscular
symptoms, which may be related to the underlying pHPT. When properly evaluated, up to 80%
of patients present with nonspecific symptoms of
depression, fatigue, and lethargy, and they often
are considered asymptomatic [3].
Once pHPT is suspected, or hypercalcemia is
identified, biochemical confirmation is necessary. The differential diagnosis spectrum of
hypercalcemia is quite broad. The most common
cause of outpatient hypercalcemia remains pHPT,
whereas that of hypercalcemia in hospitalized
patients is malignancy [4].
Standard biochemical panel for the initial
workup of suspected pHPT include the serum total
and ionized Ca (hypoalbuminemic patients, borderline patient), PTH, phosphorus, creatinine,
albumin, 25-OH vitamin D (nonclassical presentation or suspected vitamin D deficiency) and 24-h
urinary calcium excretion (suggestive family history for familial hypocalciuric hypercalcemia) [4].
The diagnosis of the classic pHPT is verified
by an elevated serum Ca level, with a concomitant inappropriately elevated intact PTH level
excluding common causes of secondary HPT
such as renal insufficiency, vitamin D deficiency,
intestinal absorptive abnormalities, and renal
leak syndrome [4].
Classic pHPT is defined with high serum Ca
and PTH levels (Table 75.1).
Although the diagnosis is often straightforward, the biochemical evaluation may present a
confusing picture. pHPT can also present with
the normal serum PTH and/or Ca levels
(Table 75.1). If normocalcemic pHPT is suspected, the diagnosis must be confirmed with
normal albumin-adjusted total and ionized Ca
concentrations [4]. On the other hand, in patients
with hypercalcemia or Ca levels near the upper
limit of the reference range, normal PTH levels
do not rule out pHPT. An inappropriately normal
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Table 75.1 The biochemical presentation of the pHPT
pHPT
Classic pHPT
Normocalcemic pHPT
Nonclassical pHPT (normohormonal or nonsupressed)

Ca
High
Normal
High

PTH
High
High
Normal

pHPT primary hyperparathyroidism, PTH parathyroid hormone, Ca calcium

(nonsuppressed) PTH level despite high level Ca
is still indicative of an inappropriate negative
feedback response to hypercalcemia and confirms
the
diagnosis
of
nonclassical
pHPT. Nonclassical pHPT simply defines the
pHPT that present with elevated serum Ca but
inappropriately normal PTH (PTH 21–65 pg/ml)
[4] (Table 75.1). A recently performed descriptive epidemiologic study showed that the number
of patients with nonclassical pHPT nearly
equaled the number of patients with classic pHPT
[2]. However, the nonclassical pHPT rate is lower
in clinical series (9%) [4]. Patients with pHPT,
under the age of 40, should undergo genetic testing regarding familial diseases.
Causes include a single parathyroid adenoma
in 80–85% of cases, double adenomas in 4–5%,
multiglandular hyperplasia in 10–15%, and parathyroid cancer in less than 1% [1]. Most cases are
sporadic and approximately 5% of cases are
hereditary. MGD can be either sporadic or familial. In clinical practice, the majority of MGD are
sporadic [5]. Hereditary syndromes with a pHPT
component include multiple endocrine neoplasia
(MEN) 2A, MEN 4, and hyperparathyroidismjaw tumor syndrome. Prevalence of pHPT and its
clinical properties differ among the various
inherited syndromes [1]. pHPT may present
without any syndromic association including
familial isolated hyperparathyroidism, familial
hypocalciuric hypercalcemia, severe neonatal
hyperparathyroidism, and autosomal dominant
moderate hyperparathyroidism [6].
The real incidence of MGD is difficult to be
estimated, because it is influenced by several factors including the extent of parathyroid surgery
(BNE or selective exploration), the experience of
the operating surgeon to identify MGD, and also
the experience of the pathologist to differentiate a
(micro)adenoma from a normal gland [5].

Barczyński et al. summarize recent papers
estimating a wide variable incidence of MGD
ranging from 2.4 to 34%, arising a question about
the clinical significance of these additional
enlarged parathyroid glands.
It is now accepted that even in patients with
concordant preoperative localization imaging
demonstrating a single adenoma, further enlarged
glands could be encountered if those patients
undergo formal BNE [5]. Siperstein et al. reported
unsuspected MGD identified in approximately
20% of patients who underwent BNE following
the limited exploration [7].
If these additional enlarged glands would be
hypersecreting, the failure rate of focused parathyroidectomy should be much higher than the
reported numbers [5]. There are randomized prospective studies showing no difference in cure rate
between focused parathyroidectomy and BNE [8].
Preoperative parathyroid imaging has become
a standard preoperative procedure to locate
abnormal parathyroid gland. Imaging studies
should not be used in confirming or excluding the
diagnosis of pHPT and selecting the patient for
surgical indication. They should be only performed after deciding to proceed with parathyroidectomy to assist the surgeon while planning
an appropriate parathyroid surgery. The mostly
used imaging combinations are USG and 99mTcsestamibi scintigraphy usually with SPECT/CT
or scintigraphy and four-dimensional computed
tomography [4D-CT]. Combined interpretation
of scintigraphy and USG or scintigraphy and
4D-CT increases localization accuracy and
improves sensitivity. MGD cannot be diagnosed
preoperatively due to low accuracy, sensitivity,
and specificity of any preoperative localization
studies performed [5, 9, 10].
Negative preoperative localization studies are
highly predictive of MGD in sporadic pHPT. Sebag
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et al. found that patients with negative preoperative study results had a high risk of MGD (31.6%),
compared with patients with one positive study
result (3.6%) and those with two concordant positive study results [11]. Negative or discordant
imaging results are not a contraindication to parathyroid surgery.
Large series report similar cure rates for MGD
and single adenomas. There is no data reported
regarding more intense follow-up in sporadic
MGD. In all cases, because of the risk of recurrent and/or new disease, a regular lifelong biannual serum testing for biochemical evidence of
pHPT is recommended [5, 6].

75.3

Management

Today, surgery is the only curative therapy for
pHPT, but it remains unclear whether all patients
with pHPT require surgery [9]. Parathyroidectomy
is indicated for all symptomatic patients and
should be considered for most of the asymptomatic patients unless there are no significant
comorbidities and contraindications to surgery.
Surgery is more cost-effective than observation
or pharmacological treatment. Parathyroidectomy
diminishes the risk of nephrolithiasis and
increases bone mineral density [3, 10].
Despite these findings and the establishment
of expert guidelines that favor surgical treatment,
only approximately one in four patients with
pHPT is referred for surgery [8].
Cure rates are higher than 95% with a very
low complication rate (<1–3%) when parathyroidectomy is performed by an experienced parathyroid surgeon. Surgery can be curative for the
patient with a single adenoma that is seen in
approximately 85% of pHPT patients. However,
the recurrence risk is greater in the 15% of
patients with hyperplasia who often require
sPTHX. These patients are at higher risk of recurrent disease because the remnant parathyroid is
defined to be abnormal and inclined to further
growth [12]. Surgery performed by an experienced parathyroid surgeon from a high-volume
center is the main factor in achieving the similar
cure rates in patients with sporadic MGD when
compared to those with single adenomas.

Although most patients with pHPT are ideal
candidates for minimally invasive parathyroidectomy, some will require BNE due to MGD to
achieve a biochemical cure. BNE in non-hereditary pHPT disease is indicated for patients with
negative preoperative localization studies.
Additionally, BNE should be planned for patients
with the MEN-1 syndrome and inadequate
decrease of intraoperative ioPTH level following
removal of the image-indexed parathyroid lesion.
Relative indications for BNE include history of
lithium therapy, history of head and neck irradiation, discordant preoperative localization studies,
isolated familial pHPT, and MEN-2 syndrome.
Nevertheless, it should be taken into consideration
that some grossly enlarged and histologically
abnormal parathyroid glands can be nonfunctional, and BNE may lead to overtreatment in
some patients with pHPT. IOPTH should be used
to confirm that all enlarged hypersecreting glands
have been identified and removed, but this technique is yet to be available in all units [5]. However,
there is still a controversy over the utility of ioPTH
in MGD. Hence, some do not use ioPTH with concerns that it cannot identify patients with double
adenomas and provides false confidence leading to
early concluding the operation leaving behind the
abnormal parathyroid tissue.
MGD may not be excluded before surgery and
is seen in approximately one in ten patients with
sporadic pHPT [12]. Knowledge of parathyroid
gland embryology and anatomy are critical for successful BNE and parathyroidectomy [13]. In BNE,
all parathyroid glands are identified with the exploration of expected and, if necessary, ectopic cervical locations. When all four glands are enlarged,
sPTX should be performed, leaving a viable remnant from the most normal-appearing gland and
applying a clip to it [5, 9]. The lower gland is preferable because it is anterior to the recurrent laryngeal nerve and if re-exploration becomes necessary
for persistent or recurrent disease, there will be less
risk of injuring the nerve [13].
sPTX is the most recommended surgical
approach for patients with MEN-1, MEN-4, and
MEN-2A including all four glands enlarged,
hyperparathyroidism-jaw tumor syndrome,
familial isolated hyperparathyroidism, autosomal dominant moderate hyperparathyroidism,
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and lithium-associated pHPT [5, 6]. sPTX is also
one of the standard treatment procedures in
patients with surgical indication to secondary or
tertiary HPT [14].

75.3.1 Future
It is impossible to diagnose MGD preoperatively.
There is a limited data of histopathological findings to differentiate between adenoma and hyperplasia. Hyperplasia is usually associated with
four glands. Currently and in the near future, the
best clinical practice is likely a close cooperation
between the pathologist and the surgeon.
However, molecular biological methods may be a
useful instrument in the future to distinguish and
discriminate adenomas from hyperplasia.

What Can We Learn from This Case?

• The possibility of MGD in pHPT should
always be kept in mind.
• Preoperative diagnosis of MGD is
impossible. Negative preoperative localization studies are highly predictive of
MGD in pHPT.
• The diagnosis of pHPT is established
due to biochemical examination.
Imaging studies are not used to confirm
the diagnosis but should be used for
localization of the pathologic glands
and determine the surgical strategy.
• Negative preoperative localization imaging is not a contraindication to surgery.
Surgical intervention of the patients with
negative preoperative localization studies should not be delayed, and the
patients should be conducted to an experienced parathyroid surgeon so that high
cure rates can be achieved.
• BNE is still the gold standard surgical
technique. sPTX is the standard treatment approach for patients with sporadic pHPT, whose all the parathyroid
glands are enlarged.
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Abstract

Sustained normocalcemia throughout postoperative 6 months is considered as a complete
recovery achieved by surgery. Parathyroid
hormone (PTH) and calcium levels not being
reduced or becoming higher again during
6 months after the surgery are defined as persistent hyperparathyroidism, whereas hypercalcemia and high levels of PTH more than
6 months later are defined as recurrent hyperparathyroidism. The most common cause of
persistent HPT is multiglandular disorder and
ectopic adenomas. Persistent HPT occurs as a
result of an insufficient surgery. The most
critical factor that lowers the rate of HPT is
surgical experience. In this article, we presented a case of 36-year-old woman with persistent
hypercalcemia
following
an
unsuccessful operation due to failure of localization of her parathyroid adenoma by conventional imaging modalities and became
normocalcemic only after an operation guided
by an 18F-choline PET/CT imaging spotting
the adenoma in the mediastinum.
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İstanbul, Turkey

76.1

Case Presentation

A 36-year-old woman presented with malaise,
fatigue, and myalgia. The patient had had hypercalcemia in 2014, and the subsequent investigations
resulted in the diagnosis of primary hyperparathyroidism (HPT). Neck ultrasonography (USG) had
revealed a lesion in the lower left region of the thyroid that had been consistent with a parathyroid
adenoma. However, no parathyroid adenoma had
been found in surgical neck exploration. Frozen sections had been performed on structures that might be
parathyroid; however, they had been identified as
lymph ganglion. Left lobectomy and excision of the
thymus had been performed for the possibility of an
adenoma in the thyroid. The histopathologic examination had been negative for an adenoma. Patient’s
calcium and parathyroid hormone (PTH) levels had
not decreased by the end of 24 h.
Neck USG was repeated in 2015, and the patient
underwent Tc99m MIBI scintigraphy. The USG
revealed a hypoechoic lesion posteromedially adjacent to the right lobe of the thyroid gland that could
be a parathyroid pathology. There wasn’t any
pathology of the parathyroid in Tc99m MIBI. A
second neck exploration was planned in the same
year. Once again, no parathyroid pathology was
detected during the exploration. Both surgeries
involved the exploration of ectopic localizations in
the neck, but there was not any adenoma present.
The patient was referred to our clinic with the
diagnosis of persistent HPT. The followings were
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the lab findings: calcium, 12.3 mg/mL (8.5–
10.5); phosphorus, 2.2 mg/mL (2.7–4.5); and
PTH, 430 pg/mL (15–65). Neck USG was reperformed by an experienced team of endocrine surgery and was negative for any pathologic lesions.
SPECT-MIBI imaging did not suggest any pathologic uptake. CT scan of the neck and thorax
showed a lesion in the aortopulmonary window
which is considered to be primarily a lymph
ganglion.

18F-fluorocholine PET study was planned for
the patient whose pathologic parathyroid lesion
was failed to be localized with any imaging studies.
Choline PET spotted a nodular lesion in the mediastinum with the diameter of 1 cm that had a very
high uptake of 18F-fluorocholine and thus suggested an ectopic parathyroid adenoma. Initially,
the lesion was considered to be a lymph ganglion
on CT due to its morphology in the aortopulmonary window in the mediastinum (Fig. 76.1).

a

b

c

d

Fig. 76.1 18F-fluorocholine PET axial PET (a), fusion (b), CT (c) and MIP (d) images showing hypermetabolic focus
corresponding to parathyroid adenoma at aortopulmonary window. (arrow)
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Since the position of the lesion with pathologic uptake was not convenient for needle biopsy
or PTH washout, exploration of the mediastinum
via partial sternotomy was decided on. The thymus was excised in order to reach the aortopulmonary window where lymph ganglions were
detected and excised. A protuberance with a
diameter of 1 cm was noticed posteriorly to the
aortic arcus. The adventitia over the protuberance
was opened, and the pathologic parathyroid gland
with a diameter of 1 cm was excised. The tissue
was reported to be parathyroid gland in the frozen section examination. Quick PTH showed that
patient’s PTH levels decreased at a rate of 80%
30 min after the excision of the lesion.
The patient received parenteral calcium postoperatively and was discharged with oral calcium
on the postoperative 4th day. The result of the
pathological examination came out to be a parathyroid adenoma.

76.2

Discussion

76.2.1 Evaluation and Diagnosis
PHPT is a clinical entity that results from
increased PTH secretion from parathyroid glands
having one or more adenomas, hyperplasia, or
rarely carcinomas [1]. Sporadic PHPT is caused
by a single adenoma in 85–90%, hyperplasia in
10–15%, double-triple adenoma in 4–6%, and
parathyroid cancer in 1% of the cases. The definitive treatment for the disease is surgery, and high
rates of complete resolution are achieved by primary surgical intervention. Yet, persistent or
recurrent disease in a subset of patients requires
secondary and tertiary interventions even in
experienced centers. Postoperative recurrence
and persistent disease are reported in 1–10% and
2–22% of the patients, respectively [2–5].
Sustained normocalcemia throughout postoperative 6 months is considered as a complete
recovery achieved by surgery. PTH and calcium
levels not being reduced or becoming higher
again during 6 months after the surgery are
defined as persistent hyperparathyroidism,
whereas hypercalcemia and high levels of PTH
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more than 6 months later are defined as recurrent
hyperparathyroidism.
The most common cause of persistent HPT is
multiglandular disorder and ectopic adenomas.
Persistent HPT occurs as a result of an insufficient surgery. The most critical factor that lowers
the rate of HPT is the surgical experience.
An undiagnosed multiglandular disorder
which leads to the incomplete resection of the
glands during the surgery is one of the most
common causes of persistent disease. Siperstein
et al. [6] performed limited exploration accompanied by preoperative scintigraphy, USG, and
intraoperative PTH. Subsequently, they evaluated the ratio of the enlarged gland which can be
left behind by standard bilateral exploration,
prospectively. When USG and MIBI were congruent and focused surgery was performed, they
noticed that enlarged glands were left behind at a
rate of 20%. Adequate decreases in intraoperative PTH levels can just lower this rate to 16%.
The investigators, therefore, stated that persistent or recurrent disease might develop from the
results with early notice at a higher incidence.
On the other hand, some studies have reported
that the incidence of the multiglandular disorder
is critically lower in the case series of focused
surgery. These results may account for the fact
that the patients are specifically selected for
focused surgery [3, 4].
The prevalence of ectopic parathyroid glands
been observed to be 28–42% in autopsy series,
while 6.3–16% in surgical series of patients who
underwent surgeries for primary hyperparathyroidism and 45% in cases who underwent reexploration [2, 3].
The anterior mediastinum is the most frequent
localization for ectopic inferior parathyroids
which are usually embedded in the thymus gland,
whereas superior parathyroids are commonly
found in the posterosuperior mediastinum. Not
so frequently, mediastinal parathyroid adenomas
may be detected in the aortopulmonary window,
and rarer localizations include the pericardium
and right dome of the diaphragm [7, 8].
The treatment for persistent HPT is generally
surgery. The diagnosis of HPT is reevaluated
before the surgical intervention. The causes of
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hypercalcemia other than adenomas including,
but not limited to, familial hypocalciuric hypercalcemia, use of medication that interfere with
the metabolism of calcium such as thiazides and
lithium, renal insufficiency, a renal calcium leak,
gastrointestinal tract abnormalities, and vitamin
D deficiency are investigated [3, 4].
Reoperative parathyroid surgery is harder due
to scar formation and distorted anatomy, as well
as having an increased risk of complications.
Preoperative utilization of noninvasive and invasive techniques of localization would increase the
surgical success.
USG is the lead noninvasive method. The
range is wide for the sensitivity of USG in the
literature (30–90%). USG is a fairly sensitive
method for the localization of the parathyroid
lesions that are intrathyroidal, adjacent to the
carotid sheath, or located posteriorly to the thyroid gland. Despite this, the sensitivity is very
low for revealing retroesophageal, retrotracheal,
or mediastinal tumors. The most critical disadvantage of USG is its dependence on the performer and that it is affected by the presence of a
thyroidal nodule or cervical lymphadenopathy.
Moreover, the sensitivity is also low in multiglandular pathologies.
Other noninvasive imaging methods include
technetium-99m sestamibi scans with a singlephoton emission computerized tomography
(SPECT), computerized tomography (CT) scans
(4D is preferred), magnetic resonance imaging
(MRI) scans, and sestamibi CT scans.
Scintigraphic studies are more sensitive in localizing mediastinal parathyroid adenomas. All of
the imaging studies are less reliable in the redo
neck, and false-positive and false-negative results
are commonly encountered [2, 3].
There have been limited number of studies
reporting the identification of ectopic adenomas
by 18F-choline PET when Tc99m-MIBI-SPECT
fails to detect the lesion. Similarly, our patient’s
parathyroid adenoma was localized with
18F-choline PET, while all of the noninvasive
imaging studies had failed. The parathyroid adenoma or hyperplasia exhibit increased cell proliferation, metabolism, and upregulation of choline
kinase activity which leads to enhanced choline

uptake. A choline analog is used for the evaluation
of parathyroid adenomas based on the aforementioned theoretical mechanism 18F-choline [9].
Venous localization by a skilled angiographer
may be applied in cases with failed noninvasive
techniques [10]. Percutaneous parathyroid aspiration is a method that depends on USG while it
clearly proves if the lesion comprises parathyroid
tissue. The false positive and false negative rates
of the method are significantly low [5, 11].

76.2.2 Management
Reoperative neck surgery, being a hard surgery
due to scar formation and anatomic distortion,
has higher rates of hypoparathyroidism and damage to the recurrent nerve compared to primary
neck surgeries. For this reason, it is recommended
that the operative adjuncts that may be of benefit
for the reoperative surgery should be utilized and
the surgery should take place in experienced centers. Operative adjuncts involve methods like
nerve monitorization, intraoperative PTH assay,
gamma-probed pathologic lesion, and bilateral
internal jugular vein sampling for PTH during
bilateral exploration. Diagnostic sensitivity of the
intraoperative PTH assay is accepted to be low in
multiglandular disorder.
The surgeon must master the embryology of
the parathyroid glands and explore all possible
ectopic positions in the cervical area since the
most common causes of persistent and recurrent
PHT are ectopic adenomas and multiglandular
disease. Ectopic sites may include retropharyngeal, intrathymic, intrathyroid, retroesophageal,
carotid sheath, retroclavicular, and mediastinal
locations like the aortopulmonary window.
For pathologies of the parathyroid that are
unable to be detected during exploration, a blind
thyroid lobectomy on the same side with the
missing gland, cervical thymectomy, and causing
infarction of the occult parathyroid gland by
means of ligating the ipsilateral inferior thyroidal
artery are plausible approaches.
The ideal approach in reoperative parathyroid surgery should be to reveal whether HPT is
a disease of a single gland or a multiglandular
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disorder, to localize the pathologic gland preoperatively, and to leave healthy parathyroid tissue
present postoperatively.
Most mediastinal ectopic parathyroid adenomas can be removed by a cervical excision,
whereas partial or complete median sternotomy
and video-assisted thoracoscopic surgery are performed in certain cases.
Patients who reject the surgery or are not suitable for it receive bisphosphonates or cinacalcet
as medical therapy.

76.3

Follow-Up and Outcome

Calcium and PTH levels of our patient, whose
lesion was localized in the aortopulmonary window and excised through the adventitia posteriorly to the aortic arcus, achieved the levels of a
normal range. Despite the use of all noninvasive
imaging techniques, the lesion was managed to
be localized with choline PET only. As was the
case with this patient, choline PET is a legitimate
option among imaging techniques to be tried in
patients that are MIBI negative.

76.3.1 The Future
The most important fact that would increase the
success of the reoperative parathyroid surgery is
to localize the pathologic lesion. The sensitivity
of localization becomes higher with the techniques of localization using advancing technology. There would be advancements in imaging
techniques depending on the anatomical position
and the function of the parathyroid lesion.

What Can We Learn from This Case?

• Sustained normocalcemia throughout
postoperative 6 months is considered as a
complete recovery achieved by surgery.
• PTH and calcium levels not being
reduced or becoming higher again during 6 months after the surgery are defined
as persistent hyperparathyroidism.
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• The most common cause of persistent
HPT is multiglandular disorder and
ectopic adenomas. Persistent HPT is
usually considered as a result of an
insufficient surgery.
• An undiagnosed multiglandular disorder which leads to the incomplete excision of the glands during the surgery is
one of the most common causes of persistent disease.
• Reoperative parathyroid surgery is
harder due to scar formation and distorted anatomy, as well as having an
increased risk of complications.
• Preoperative utilization of noninvasive
and invasive techniques of localization
would increase the surgical success.
• 18F-choline PET/CT has proved to be
useful in the localization of parathyroid
adenomas, in case the other imaging
modalities fail to detect.
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Abstract

The coexistence of non-medullary thyroid carcinomas and primary hyperparathyroidism is
very rare. The incidental diagnosis of thyroid
carcinomas during or after the treatment of
parathyroid disease, mostly in the pathology
specimens, is common. However, parathyroid
adenomas detected after total thyroidectomy
may represent a clinical and diagnostic problem. In this chapter, a patient with parathyroid
adenoma diagnosed after total thyroidectomy
is reported with an emphasis on differential
diagnosis of residual neck lesions and clinical
awareness of concomitant thyroid and parathyroid pathologies.

77.1

Case Presentation

A 67-year-old female patient with multifocal thyroid papillary carcinoma was referred to Nuclear
Medicine Department for radioactive iodine
ablation after total thyroidectomy. On routine
B. E. Akkaş (*) · G. Uçmak
Department of Nuclear Medicine, University of
Health Sciences (SBÜ) Dr. Abdurrahman Yurtaslan
Ankara Oncology Training and Research Hospital,
Ankara, Turkey

clinical exploration, a small residual thyroid tissue was observed on the right thyroid lobe bed on
postoperative thyroid scintigraphy. Serum thyroglobulin was 0.2 ng/mL, whereas TSH was 90
mIU/mL, and anti-thyroglobulin antibody level
was significantly elevated (350 IU/mL).
Postoperatively serum calcium levels were
slightly high (10.8 mg/dL) where the normal
range was 8.2–10.5 mg/dL. Neck ultrasound
(USG) findings were in accordance with scintigraphy apart from a hypoechogenic heterogeneous
lesion located in the inferior medial aspect of the
left lobe. Taking elevated levels of serum calcium
into account, parathyroid adenoma was considered in the differential diagnosis, and elevated
PTH level of 184 pg/mL was found (normal
range: 10–65 pg/mL). On dual-phase Tc99mmethoxyisobutylisonitrile (MIBI) scintigraphy
performed after the i.v. injection of 20 mCi
Tc-99m MIBI, focal uptake in the inferior aspect
of thyroid bed associated with the defined mass
lesion on ultrasound was observed (Fig. 77.1).
The most likely pre-diagnosis was parathyroid
adenoma; even the defined lesion could associate
with both residual thyroid nodule and parathyroid adenoma. Consequently, the patient
underwent surgical re-exploration, and the mass
in the thyroid bed was resected. Histopathology
was consistent with parathyroid adenoma.

© Springer International Publishing AG, part of Springer Nature 2019
T. Özülker et al. (eds.), Thyroid and Parathyroid Diseases, https://doi.org/10.1007/978-3-319-78476-2_77

483

B. E. Akkaş and G. Uçmak

484

a

b

Fig. 77.1 Anterior planar neck images of dual phase
Tc99m-methoxyisobutylisonitrile (MIBI) scintigraphy
are shown. In (a) 20 min postinjection image, faint uptake
in thyroid gland residue is seen. In addition, focal uptake
in the inferior aspect of thyroid bed associated with the

defined mass on neck ultrasound is noted. In (b) 2 h
postinjection images demonstrate activity retention in the
defined localization with physiological washout from the
thyroid tissue

77.2

detection of thyroid tumors, especially papillary
microcarcinoma is not an uncommon finding during parathyroid adenectomy. The reverse is also
true. Today, most clinicians agree on the need to
evaluate the thyroid gland before all parathyroid
procedures, and thyroid surgery should be considered at the same operation with parathyroid
surgery where necessary.
A careful neck examination before surgery
may generally provide incidental diagnosis of
parathyroid and thyroid diseases, and when
detected, it does not represent a complicated
clinical problem. However, parathyroid adenomas may develop years after total thyroidectomy
and may represent a challenging situation. In the
literature, isolated cases with parathyroid adenomas seen years after the treatment differentiated
thyroid carcinoma (DTC) patients have been
reported [6].
On follow-up of DTC patients, neck lesions
detected after thyroidectomy is a clinical problem. The differential diagnosis of neck lesions
must include residual thyroid nodules preferentially as well as parathyroid lesions on clinical

Discussion

Primary hyperparathyroidism (PHPT) is usually
accompanied by underlying thyroid pathology.
The rate of coexistence of primary hyperparathyroidism with thyroid diseases has been reported
within a range of 22–70% in the literature [1, 2].
The reason for this association is controversial.
Some researchers have shown this concomitance as coincidental, whereas other authors have
explained elevated endogenous calcium levels
or probably growth factors, such as epithelial
growth factors and insulin-like growth factors, as
goitrogenic factors [3, 4].
The concomitant appearance of medullary
thyroid cancer and hyperparathyroidism in hereditary and sporadic multiple endocrine neoplasia
syndromes is a well-known clinical situation.
Nevertheless, the coexistence of non-medullary
thyroid carcinomas and primary hyperparathyroidism are very rare and reported as 2.4–5.6% in
the literature in isolated case reports [5, 6].
In general, parathyroid adenomas and thyroid
tumors are diagnosed simultaneously. Incidental
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management of patients with DTC. Although the
recurrence of the primary tumor may account
for the majority of cases, the possibility of an
incidental appearance of parathyroid adenoma
should not be neglected.
The presented case addresses several important points in the clinical follow-up of patients
with DTC and in the differential diagnosis of
neck lesions after thyroidectomy. Neck USG,
magnetic resonance imaging, and molecular
imaging techniques including positron emission
tomography may have limitations in the differentiation of recurrent thyroid tumor from incidental parathyroid adenoma. Although a fine needle
aspiration biopsy is needed for a definitive diagnosis, a proximate pre-diagnosis can be achieved
if all radiological findings are supported with
laboratory findings such as serum thyroglobulin,
anti-thyroglobulin antibody, calcium, and parathormone levels.
Monitoring serum calcium levels is crucial
after thyroid surgery, mainly for the early diagnosis of iatrogenic hypocalcemia. The incidence of
transient and permanent hypocalcemia after thyroidectomy ranges between 19–38% and 1–3%,
respectively [7]. Direct injury to parathyroid
gland, devascularization, obstruction of venous
drainage, or inadvertent excision of the parathyroid glands after thyroidectomy may account for
the causes of hypoparathyroidism after thyroidectomy [8].
Serum calcium levels must be measured
during clinical follow-up of patients with DTC
principally for the possibility of hypocalcemia. However, despite the lack of a common
embryologic cell origin, the existence of ensuing parathyroid gland hyperplasia and adenomas
must also be kept in mind. In addition, primary
hyperparathyroidism does not always manifest
with significantly elevated serum calcium levels,
and patients may not present with symptoms of
hypercalcemia. It is recognized for many years
that both clinical symptoms and complications
of primary hyperparathyroidism may occur at
all calcium levels, even when the serum calcium
concentration is only mildly increased. Although
clinicians may tend to choose a more conserva-
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tive clinical approach that depends on “watchand-wait” for patients with asymptomatic or
mildly symptomatic hyperparathyroidism, the
argument that patients with severely symptomatic hyperparathyroidism are sicker than their
counterparts may not reflect the truth. Patients
with only mild hypercalcemia are reported to
have the same rates of every measure of disease
severity and surgeons recommend treating these
and contrast to recommend nonoperative management just because of the less impressive biochemical profile [9].
This report illustrates the need for clinical
awareness for concomitant hyperparathyroidism with non-medullary thyroid tumors. The
coexistence of PHPT and differentiated thyroid
carcinoma is not well-known. Parathyroid adenomas may present years after thyroid carcinoma
treatment, may be asymptomatic, and may mimic
tumor recurrence.

77.3

Follow-Up and Outcome

Serum Ca levels decreased to normal levels following surgery. The patient is free of both thyroid
cancer and parathyroid pathology. Serum Ca levels remained within normal ranges on follow-up.

What Can We Learn from This Case?

• Parathyroid adenomas may also be seen
concomitantly with non-medullary thyroid carcinomas and may manifest years
after the treatment of thyroid malignancy.
• Careful physical and radiological examination of the neck is crucial for patients
with DTC both preoperatively and on
follow-up. On differential diagnosis,
coexisting parathyroid pathologies must
also be kept in mind.
• Primary hyperparathyroidism does not
always manifest with significantly elevated serum calcium levels, and patients
may not present with symptoms of
hypercalcemia.
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