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Preface
With the numerous and varied echocardiography texts
available, whywriteanother bookonechocardiography?
The authors of this text, all active clinical cardiologists
and echocardiologists, present a comprehensive guide
to echocardiography in a case-based fonnat, linked to
actual patients, ranging &om the relevant common
case scenarios to diagnostic dilemmas encountered
by both clinicians and echocardiologists. We have included a broad spectrum ofcardiovascular diseases and
echo images that the clinician-echocardiologist will
encounter in their clinical practice. Some of the cases
are simple; others are more complex. We present cases
seen in the performance of emergency as well as intraoperative transesophageal echocardiography (TEE),
during real-time echo-guidance of transcatheter interventions, and echocardiogratns seen during routine
reading in a high-volume echo laboratory. Each case is
associated with a series of questions and answers, with

reference(s) provided for each case. The web-based
portion of this book is an essential component of the
case solving process, allowing the reader to "be there
for each case" and review the actual case video clips.
In addition to cases involving M-mode, 20, and 30
echo, as well as TEE and Doppler ultrasound, there
are cases in which a particular physical finding or elect:roca.rdiogram is to be matched with the patient's cor~pondingechocardiogram.

The varied cases are clinically relevant, interesting,
educational, and reflect the writing and teaching style
of each individual co-editor. The scope of the material
is comprehensive and serves as a dynamic format by
which to prepare for the National Board of Echocardiography examinations.
This book and the accompanying web-based series of
cases are dedicated to our patients and to our teachers.
We hope you find it educational, enjoyable, and helpful.
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Marfan Syndrome, Status Post Bentall Procedure

A

19-year-old woman with Marfan syndrome is status post Bentall procedure (Figs. 1-1 to 1-4 and
Videos 1-1 to 1-4).

Figure 1·1.

Figure 1-4.
QUESTION 1. What complication occurred during
the surgery?
A. Aortic dissection
B. Ligation of the left circumftex artery
C. Occlusion of the right coronary artery (RCA)
D. Occlusion of the left anterior descending artery

Figure 1·2.

Figure 1·3.

QUESTION 2. The right ventricle (RV) can be identified by:
A. Smaller size compared with the left ventticle (LV)
B. Presence of moderator band
C. Triruspid annulus superior to the mitral annulus
D. All of the options
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Answers
ANSWER 1: c. Although ligation of the left circumflex
artery is a dreaded complication of mitral valve repair/
replacement difficulty with reimplantation of either coronary artery can occur with a Bentall procedure, with
occlusion of the RCA being more common. In these images, the RV is thinned and severely dilated, and the inferior wall of the LV is thinned. Both of the findings are
consistent with a prior RCA infarction.

Suggested Reading
Salerno TA, Be.cgsland J, Cala.fiore AM, et aL Acute right ve.lltricular failure during aortic valvular operation due to mcdw!ical
problem in the right coronary artery•.Ann Thtmu: Surg. 1996;61:
706-707.

ANSWER 2: B. The RV, although not always the smaller of the two ventricles as in the case of D-transposition
of the great vessels, can be correctly identified by the
presence of the moderator band. Furthermore, the tricuspid valve morphologically "follows" the RV and can
be differentiated from the mitral valve given its more
inferior location (it is more apical in the ventricle compared with the mitral valve).

CASE 2
Mild Exertional Dyspnea

A

23-year-old woman has mild exertional dyspnea. Her electrocardiogram is normal, but she has a
systolic and diastolic heart mtumur. The 2D transesophageal echocardiogram (TEE) images show
long-axis (LAX) and short-axis (SAX) views with and without color Doppler (Videos 2-1 and 2-2 and
Figs. 2-1 to 2-3).

Figure 2·3. TEE 33°, SAX view in diastole.
Figure 2·1. TEE 12]0, LAX view without and with
color Doppler in diastole.

QUESTION 1. Which diagnoses are correct (select
all that apply)?
A. Severe aortic insufficiency
B. Mild-to-moderate aortic insufficiency and
subvalvular membrane
C. Aortic cusp prolapse
D. Subvalvular membrane
E. Ruptured sinus ofValsalva aneurysm
F. Endocarditis

Figure 2·2. TEE 123°, LAX view without and with
color Doppler in systole.

QUESTION 2. Associated congenital heart defects
are found in 25% to 50% of patients with discrete (or
membranous) subvalvular aortic stenosis (DSAS).
Which defect is associated with DSAS and needs to
be evaluated?
A. Patent ductus arteriosus, coarctation of the aorta,
bicuspid aortic valve, interrupted aortic arch
B. Ventricular septal defect
C. Shone complex.
D. All of the options

3
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Answers
ANSWER 1: B. Two-dimensional echocardiography
with color Doppler establishes the diagnosis of a subvalvular membrane identified as the cause of left ventricular outflow tract (Lvon obstruction indicated by a
turbulent LVOT flow in the LAX views. The aortic regurgitation is mild to moderate.
In DSAS, the presence of a tissue membrane or fibromuscular ridge in the LVOT can result in variable
degrees of outflow tract obstruction and aortic valve
leaflet damage, which may cause aortic regurgitation.
ANSWER 2: D. All answers are correct. All mentioned
defects can be associated with DSAS.
SUBSEQUENT FINDINGS
See Videos 2-3 and 2-4 and Figures 2-4 and 2-5 of a
balloon valvulpoplasty performed on this patient with
DSAS.

Figure 2-4. Balloon dilatation of the subvalvular
membrane.

Figure 2-5. TEE 130°, LAX view. After dilatation,
parts of the subvalvular membrane (marked with a
white arrow) can be observed floating in the LVOT.

Suggested Reading
Darcin OT, Yagdi T, Atay Y, et al. Discrete suhaortic ste.oosis: su.rgical
outcomes and follow-up results. Ta Htan !Nt J. 2003;30:
286--292.

CASE 3
Aortic Stenosis after a Modified Ross Procedure

T

he patient is a 23-year-old man with a history of aortic stenosis, status post modified Ross procedure at age 9, complicated by complete heart block requiring a pacemaker, which was subsequendy
converted to a biventricular pacemaker 6 years ago and a battery change 2 years ago. His only complaints
have been that he fatigues easily and experiences occasionallight-headedness with an increase in activity
such as power walking.
Six years ago, a small fistula was found near his left ventricular outflow tract (LVOT). A recent cardiac
catheterization demonstrated that his left ventricular outflow fistula had enlarged (Fig. 3-1).

Figure 3·1.

Figure 3·3.

QUESTION 2. The aneurysm does not communicate with another chamber; thus the Bow through the
aneurysm is going back and forth. In Figure 3-3, the
size of the aneurysm is the largest in:
A. Early systole
B. Late systole
C. Early diastole
D. Late diastole

Figure 3·2.

QUESTION 1. The findings of Figures 3-1 and 3-2
are most consistent with:

QUESTION 3. The appropriate management of this
intracardiac pseudoaneurysm is:
A. Medical therapy
B. Swgery
C. Transcatheter percutaneous closwe
0. Surgery and transcatheter percutaneous closwe

A. lnttacardiac shunt

B. Pseudoaneurysm

5
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Answers
ANSWER 1: B. Flow is seen between the aortic outflow tract and the aortic root. The flow enters a confined space and does not appear to communicate with
another intracardiac structure. A computed tomographic angiogram confirmed a 3.5-cm pseudoaneurysm extending from the aortic outflow tract in a
posterior direction and an aortic root measuring up to
4.8 em in maximal diameter.
ANSWER 2t D. Flow across the aneurysm is continuous but the velocity is greatest during early systole- indicating the size of the communication between the
aneurysm and LVOT is the smallest at that time.

Figurv 3-4.

ANSWER 3: D. The correct management of this patient is closure of the pseudoaneurysm by surgery or
transcatheter means. In this case, as shown in Figures 3-4
to 3-6 and Videos 3-1 to 3-3, a percutaneous Amplatzer
occluder device was used to close the pseudoaneurysm
from LVOT to the posterior left ventricle. Because of the
successful procedure, open heart surgery was avoided.

Figure 3-5.

Figure 3-6.

Suggested Readings
Hussain J, Suumpf R, GhandfOroush A, et al. Tra.llBCatheter cloSUlC of recurre.ot aortic pseudoaneurysm previously treated by
.Ampl.atzer occluder device.] Vmc Su!f. 2010;52:196-198.

Stasek J, Polansky P. Bis J, et al. The percutaneous d.oswe of a large
pseudo:meurysm of the asce.oding aona with an atrial septal
defect Amplatzer occluder: two-year follow-up. Clln] Ctm/UL
2008;24:e99-e101.

CASE 4
Increasing Shortness of Breath
25-year-old medical student had a 6-month history of increasing shortness of breath. Since childhood. he was less physically fit than his classmates, but this was always attributed to his obesity {body
mass index of 32). He had no medical history of cardiac disease. A tranSthoracic echocardiogram was
performed, revealing aortic stenosis with a mean gradient of 42 mm Hg and mild aortic regurgitation.
For a more detailed assessment of the aortic valve, a transesophageal echocardiogram (TEE) was
performed (Figs. 4-1 to 4-5).

A

Figura 4-3. 3D TEE: Enface view of the aortic
valve in diastole.

Figura 4-1. 2D TEE: Midesophageal short-axis
view (60°) of the aortic valve in diastole.

Figure 4-4. 3D TEE: Enface view of the aortic
valve in systole.

Figure 4-2. 2D TEE: Midesophageal short-axis
view (60°) of the aortic valve in systole.
7
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QUESTION 1. What is his diagnosis?
A. Rheumatic aortic valve disease
B. Bicuspid aortic valve
C. Calcific disease of a trileaflet aortic valve

D. Unicommissural aortic valve
E. Acomrnissural aortic valve

Figure 4-5. 3D TEE: Enface view of the aortic valve.

CASE 4 I 9

Answers
ANSWER 1: D. Isolated rheumatic aortic valve stenosis
is a rare disease. There is no history of rheumatic fever
in the patient's history, and the aortic leaflets are not
demonstrating the typical morphology for rheumatic
heart disease with cusp thickening and commissural
fusion. Therefore, this diagnosis is highly unlikely in this
patient.
Bicuspid valves usually have fusion of one of the
three commissures (most commonly the left and right),
and, echocardiographically, they can be distinguished
by the presence of a raphe, creating two functional
leaflets orcusps, usually of unequal sizeY Two commissures (or hinge points) are usually present. The aortic
valve of our patient demonstrates only one commissure.
Additionally, leaflet doming, eccentric closure, and fish
mouth orifice during systole represent typical echocardiographic findings of a unicommissural valve.
Calcific disease of a trileaflet aortic valve can be distinguished clinically by age of onset and by characteristic
echocardiographic findings. This form of aortic stenosis
progresses slowly, and symptoms most frequently occur
between ages 70 and 90. Echocardiographically, varying
degrees of nodular thickening and calcification of the
three leaflets with restricted systolic motion are typically
observed, which is not the case in this patient.
A unicuspid aortic valve is a rare condition resulting
from abnormal valvulogenesis. The estimated incidence
is 0.02% in the adult population.l
Two types of unicuspid aortic valves can be differentiated: a unicommissural (more common) and an acommissural unicuspid valve.
The opening of a unicommissural valve is eccentric,
and the opening area resembles a "teardrop." An acommissural type of aortic valve has a more centralized,
triangular opening area due to an underdevelopment
of all three leaflets. The stenosis of an acommissural
aortic valve is usually severe and diagnosed in infancy
(Figs. 4-6 and 4-7).
Due to the symptoms and relevant aortic stenosis, the
patient underwent a Ross operation. Intraoperatively,
the diagnosis of a unicuspid aortic valve (unicommissural type) was confirmed.

Figuna 4-6. 20 TEE: Midesophageal short-axis view
(60°) of the aortic valve in diastole. The yellow

atrow.s mark what looks like three commissures.

Figure 4-7. 20 TEE: Midesophageal short-axis
view (60°} of the aortic valve in systole. The
red arrow points to the attachment of the leaflet to the aorta, thus indicating that this is a
unicommissural aortic valve.

References
1. Roberts we. Morphologic aspects of cardiac valve dysfunction.
Am Heart]. 1992;123(6):1610-1632.

2. Roberts WC. The congenitally bicuspid aonic valve. A study of
85 autopsy cases. Am j CtmJioL 1970;26(1):72-83.

3. Nowro GM, Mish.ra M, Griflio BP. Incidence and echocatdio·
graphic: fea~s of congenital unic:u.spid aortic valve in adult
population.} Htart Vlliw Dis. 2003;12:670-673.

Weakness and Malaise
he patient is a 26~year-old woman who has had weakness and malaise for 1 to 2 months. She has
a past history of congenital heart disease, and she had ventricular septal defect (YSD) repair and
repair of aortic valve prolapse 8 years ago. See Videos 5~ 1 to 5~5 and Figures 5~ 1 to 5~5.

T

Figure 5-4.
Figure 5·1.

Figure 5·5.

Figure 5·2.

Figure 5·3.
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QUESTION 1. In the images, all of the following
abnormalities are present ~tpt:
A. Aortic valve vegetation
B. Aortic root abscess
C. Aortic valve regurgitation
D. Atrial septal defect (ASD)

CASE 5 I 11

Answers
ANSWER 1: D. Considering her history of aortic
valve surgery and closure of VSD, as well as recent
fatigue and weakness, endocarditis should be suspected. The transesophageal echocardiogram images

Suggested Reading
L:ung DY, Cranney GB, Hopkins AP, et aL Role of uamesophageal.
echocardiography in the diagnosis and manage.m.e.ot of aortic
root abscess. Br Httl.rt ]. 1994;72:175-181.

in the figures certainly confirm that there is endocarditis with an aortic root abscess, severe aortic regurgitation, and a large vegetation. A small VSD is seen
in the images (not ASD).

Dizziness and Near Syncope

A

27-year-old woman complains of dizziness and near syncope. See Figures 6-1 to 6-3.

Figure 6·3.
Figure 6·1.

QUESTION 1. Based on the images, what is the
most likely diagnosis?
A. Left atrial (LA) myxoma
B. Right atrial thrombus
C. LA thrombus
D. Right atrial sarcoma
E. LA sarcoma
QUESTION 2. What physical findings may you find
in this patient?
A. Clubbing and cyanosis
B. A holosysrolic murmur over the apex
C. A mid-diastolic rumble
D. A mid-systolic murmur
E. An early diastolic decrescendo murmur

Figure 6·2.
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Answers
ANSWER I: A. The patient has a very large LA mass appearing to be attached to the interatrial septum near the
fossa oval is. There is> 90% likelihood that such a tumor
is a myxoma. This tumor is the most common primary
cardiac tumor and is seen in > 75% of cases in the left
atrium, of which > 90% are attached to the interatrial
septum. The tumor is shown in the four-chamber transesophageal echocardiogram (TEE) view with both 20 and
30 as well as in the LA "enfaceN view (mitral valve below
the tumor) using real-time 30 TEE.

Suggested Reading
Neuman Y, Tolstrup K, Siegel RJ, et al. Pseudomyxoma originating
fi:om the interatrial septum in a heart traDBplant patient. f Am Soc
&ho. 2005;18:771.

ANSWER 2: c. The patient has a very large LA myxoma that appears to obstruct the mitral valve orifice in
diastole and thereby may cause symptoms of mitral
stenosis, including the mid-diastolic rumble, which, in
the case of LA myxoma, may be positional. Such obstruction may also cause presyncope or syncope. Treatment is surgical resection of the tumor upon diagnosis.

CASE 7
Episode of Hemoptysis

A

28-year-old man with a history of childhood surgery for congenital heart disease presents following
an episode of hemoptysis. He reports a mild decline in his exercise tolerance during the past month.
He had surgery as a child to close "a hole» in his heart but has not seen a physician since that time.
On his physical exam, his blood pressure is 115/75 mm Hg and pulse is 66 beats per minute and regular. His 0 1 saturation is 88% on room air. Neck veins are elevated to the angle of the jaw. Carotid pulses
are normal. Lungs are clear to auscultation bilaterally. Cardiac exam reveals a normal S1 with a loud P2
component of the second heart sound and a 3/6 holosystolic murmur at the left lower sternal border that
is nonradiating. Extremities are wann with no peripheral edema.
Echocardiography is performed to evaluate left ventricular (LV) systolic function (Videos 7-1 and 7-2
and Figs. 7-1 to 7-3).

Figure 7·1. Transthoracic echocardiogram (TTE):
Short axis view with color Doppler.

Figure 7-3. TTE RV inflow view with continuous
wave (CW) Doppler.

QUESTION 1. The echocardiogram demonstrates
evidence of:
A. RV pressure overload
B. RV volume overload
C. Systemic pulmonary artery pressures
0. Severe tricuspid regurgitation
E. All of the options

Figure 7-2. TIE RV inflow view with color Doppler.
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QUESTION 2. The echocardiogram in Figures 7-1
and 7-4 and Video 7-3 demonstrates evidence of:
A. A secundum atrial septal defect
B. An atrioventricular canal defect
C. A muscular ventricular septal defect (VSO)
0. A supracristal VSO
E. A patent ductus arteriosus

CASE 7 I 15

Figure 7-4. TIE, low PLAX with color Doppler.

Figure 7-5. TIE: Short axis view with CW Doppler
across the VSD.

QUESTION 3. The low systolic Bow velocities across
the VSD in Figure 7-5 suggests:
A. The VSD should be closed surgically
B. The VSD should be closed percutaneously
C. The VSD is not hemodynamically significant
D. Eisenmenger syndrome is present
E. The RV systolic pressure is low

Answers
ANSWER 1z E. All of the options are present. There is
evidence of interventricular septal flattening in both systole and diastole, suggestive of RV pressure and volume
overload. There is severe pulmonary hypertension with
an estimated RV systolic pressure greater than 130 mm
Hg. Color Doppler shows severe tricuspid regurgitation
with tricuspid valve leaflet malcoaptation.
ANSWER 2: c There is evidence of a muscular VSD in
the distal portion of the interventricular septum. Color
flow Doppler demonstrates bidirectional low velocity
flow across the VSD.

Suggested Reading
Niwa K. Perloff.JK, Kaplan S, et al. Eise.omenger syndrome in adults:
venuicular septal defcc:t, uuncus aneriosus, univenu.icular heart.
JAm Coli CardM. 1999:34:223--232.

ANSWER 3: D. This is a nonrestrictive low flow velocity VSD that is seen with Eisenmenger syndrome. Closure
of the VSD is contraindicated as it may cause RV failure
and death. The most viable treatment option in such a
symptomatic patient is either heart-lung transplant or
bilateral lung transplant and closure of the VSD.

Atrial Fibrillation

A 30-year-old man with atrial fibrillation presents with the ech.ocardiogram
QUESTION 1. What is his underlying congenital
abnormality?
A. Ebstein's anomaly
B. Tetralogy of Fallot
C. Atrial septal defect (ASD)
D. Anomalous pulmonary venous return

in Video 8-1.

QUESTION 3. Which mass cannot be found in the
right atrium (RA)?
A. Thrombus
B. Myxoma
C. Cardiac papillary fibroelastoma
D. None of the options

QUESTION 2. The right atrial mass (Video 8-1)
most likely represents:
A. Thrombus
B. Atrial myxoma
C. Fibroelastorna
D. None of the options

Answers
ANSWER I: A.. The RA is enlarged, and the tricuspid
annulus is apically displaced into the right ventricle in
Ebstein's anomaly.
ANSWER 2: A. Given the patient's enlarged RA from
Ebstein's anomaly as well as his history of atrial fibrillation, the most likely etiology of the RA mass is a thrombus; Ebstein's anomaly is not associated with an
increased incidence of intracardiac tumors.

Suggested Reading
Mufioz-CastellattO$, Espinola-Zavaleta N, Kuri-Niv6n, etal. Ebste.in's
Anomaly: anatomo-echoca.nl.iographic correlation. Carriitrwuc
Ultrasound. 2007;5:43.
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ANSWER3: D. Although a thrombus is by far the most
common, any of the options can be found in the RA.

CASE 9
Left-Sided Hemiparesis
31-year-old woman presented with sudden onset of left-sided hemiparesis. A cardiogenic embolic
stroke was swpected and transthoracic echocardiography was performed; Video 9-1 and Figure 9-1
show a ttansthoradc echo - apical four-chamber view. A transesophageal echo was petformed - Videos
9-2 and 9-3 and Figures 9-2 and 9-3.

A

Figure 9-2.
Figure 9-1. Transthoracic echocardiography
shows a 0.7 x 0.7 em mobile mass attached to the
anterior mitral leaflet.

QUESTION 1. How would you proceed to confirm
a diagnosis?
A. Perform laboratory tests

B. Perform a transesophageal echocardiogram
C. Perform a magnetic resonance imaging
D. Start anticoagulation therapy immediately
E. Send the patient to surgery

Figure 9-3. 3D transesophageal echocardiogram (TEE) full volume. Enface view of the mitral
valve-the mass is attached to the A 1 segment of
the anterior leaflet.
QUESTION 2. The structure attached to the Al segment of the anterior leaflet of the mitral valve is most

likely:
A. An organized mobile thrombus
B. Nonbacterial thrombotic endocarditis
C. A pedunculated myxoma
D. libman-Sacks endocarditis
E. A cardiac papillary fibroelastoma (CPF)
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Answers
ANSWER 1: A. Laboratarory data should be collected
to exclude infective endocarditis or malignant diseases
causing nonbacterial thrombotic endocarditis. A
systemic lupus erythematosus should be excluded as
well (Libman-Sacks endocarditis).
Anticoagulation therapy is an option to prevent possible recurrent embolism due to superimposed thrombus formation attached to the cardiac mass.
A TEE should be performed to differentiate among
intracardiac tumors, particularly among CPF, myxoma,
and vegetation of endocarditis.
ANSWER 2: E. A thrombotic mass usually shows an
echolucent area in the middle due to clot lysis. A thrombus appears multilayered with irregular or lobulated
borders. In > 90% of cases, a thrombus is located in the
left atrial appendage.
A myxoma is usually larger and more heterogeneous
compared to CPF, and in the majority of cases, myxomas
are located in the left atrium.

References
1. Gowda RM, Khan IA. Nair CK. et aL Cardiac papillary fibro-elastoma: a comprehensive analysis of 725 cases. Am Htan J
1992;146:157-162.
2. Sun JP. Asher CR. Yang XS, et aL Clinital and echot'al'diographic

clwacteristics of papill.uy fibroelastoma: a rettospect.M: and pro-spcct.M: study in 162 parients. Circulatum. 2001;103:2687-2693.

Vegetations are usually irregular in shape and echogenic. Vegetations show high-frequency movements independent of intracardiac structures.
CPF is a rare benign tumor that attaches to the
endocardial surface, most often on cardiac valves. A
CPF is most often solitary and more frequently located on the aortic valve (44%) than on the mitral valve
(35%).1-3
Echocardiograph ic findings for CPF include a round,
oval, or irregular appearant homogeneous tumor
mass with well-defined borders. Most CPFs are small
(90% < 20 mm), and approximately 50% have small
stems and are highly mobile. The moving behavior on
echocardiography is similar to the flexion-extension
movement of a finger. 2,4
The 20 and 3D echo findings are indicative of CPF in
this case. The treatment for CPF is excision of the tumor.
The patient was sent for surgery, and the histopathologic findings confirmed the diagnosis of a CPF.

3. EslamirVananeh F, Brun EA. Sem--Rogan. P.. All unusual case of
multiple papillary fibroelastoma, review of literature. OtrtlifJINlSC
PtllhoL 2003:12:170-173.
4. Baba Y, Tsuboi Y, Sakiyama K., et aL Cardiac papillary fibroelastoma as a cause of recum:nt stroke8: the ~ostic value
of serial ttanSC8ophageal echocardiography. Cmlmmuc Dis.
2002;14:256-259.

Dyspnea on Exertion
32~year~old

man complains of dyspnea on exertion. He also has acroparathesias, anhidrosis. and
normal blood pressure. His father has renal disease. His elecuocardiogram (Fig. 10~ 1) and echocardiogram (Videos 10~ 1 to 10~3 and Figs. 10~2 and 10~3) are shown.

A

Figure 10.1.
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QUESTION 1. The most likely diagnosis is:
A. Amyloid
B. Sarcoid
C. Hypertensive heart disease
0. Fabry disease
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Answers
ANSWER 1: D. The presence of acroparesthesias,
anhidrosis, and paternal history of renal disease all suggest Fabry disease, which is an X-linked disorder that is
associated with renal dysfunction.
The echocardiographicfindings include left ventricular
hypertrophy (LVH) and a bright subendocardial layer as
shown in Video 10-4 and Figures 10-4 and 10-5 in our
patient and a published case.
The LVH and right ventricular hypertrophy in Fabry
disease are due to the accumulation of glycosphingolipids (SM) as shown in Figure 10-5.
Figure 10..5. Reprinted from Pieroni M, Chimenti C,
De Cobelli F, et al. Fabry's disease cardiomyopathy:
echocardiographic detection of endomyocardial
glycosphingolipid compartmentalization. JAM Col/
Cardiol. 2006;47:1663-1671, with permission from
Elsevier.

Figura 10-4. Reprinted from Pieroni M, Chimenti
C, De Cobelli F, et at. Fabry's disease cardiomyopathy: echocardiographic detection of endomyocardial glycosphingolipid compartmentalization.
JAM Coli Cardia/. 2006;47:1663-1671, with
permission from Elsevier.

Suggested Reading
Pieroni M, Chimenti C, De Cobelll F. et aL Fabry's disease cardio-myopathy: ec:hoc.anliographic detection of endomyocard.ial. glyoosphingolipid compartmentalization. f Am CAD Ctwtliol 2006;
47:1663-1671.

Marfan Syndrome

A

32~year~old

man with Mar:fan syndrome has a screening transthoracic echocardiogram performed

(Fig. 11-1).

QUESTION 1. At what diameter should a patient
with Marfan syndrome be considered for swgical
repair of an ascending aortic aneurysm?
A. Greater than 5 em
B. Greater than 4 em and contemplating
pregnancy
C. When the ma:ximum aortic root area
(cm2) per height in meters is< 10
D. Answers A and B are correct
E. All of the options
Figure 11-1.

Answers
ANSWER 1: D. Indications for the repair of the ascending aorta or root in Marfan syndrome:
- Greater than 5 em
- Less than 5 em and:
• Growth> 0.5 em per year
• Family history of dissection< 5 em
• Concomitant significant aortic insufficiency

- Greater than 4 em and contemplating pregnancy
- When the maximum aortic root area (cm2) per
height in meters is > 10

Suggested Reading

Radiology; American Suoke Association, Society of Cardiov.ascular Anesthesiologists, Society for Cardiovascular Angiography

Hilaa:k:a LF, Bakris GL, Beckman JA. et al. Guidelines for the diagnosis and management of patients with thoracic aortic disease:
a repon of the American College of Cardiology Foundation/
American Heart Association Task Force on Prattice Guidelines,
American Association for Thoracic Surgery; American College of

and Intem:ntions, Society oflnterventional Radiology. Society of
Thoracic Surgeons, and Society for Vascular Medicine.]Am OJ//
QuJU;£ 2010;55:e27-e129.
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CASE 12
Shortness of Breath and Dyspnea on Exertion

A

33-year-old man from India complains of shorm.ess of breath and dyspnea on exertion (DOE)
walk.ing one to two blocks.
On an exercise test:, he exercised for 8 minutes 41 seconds, reaching a heart rate of 181 beats per minute. His pulmonary artery pressure increased from 48 nun Hg at rest to 89 mm Hg after exercise.

Figure 12-1.

Figure 12-3.

QUESTION 1. Figures 12-1 to 12-3 are consistent
with:
A. Rheumatic mitral valve disease

B. Rheumatic valvular disease of the aortic valve
C. Rheumatic valvular disease of mitral, aortic,
and tricuspid valves
D. Rheumatic mitral and aortic valve disease
E. Degenerative valvular disease

Figure 12-2.
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Figure 12-4.

Figure 12·7.

Figure 12·8.
Figure 12-5.
QUESTION 3. Based on the echocardiogram images
in Figures 12-6 and 12-7, this patient is not a candidate for percutaneous mitral valvuloplasty because:
A. He does not have isolated severe MS
B. He has extensive valvular and subvalvular
calcifications
C. He has at least moderate mitral regurgitation
(MR)

D. All of the options are true
E. None of the options are true

Figure 12-6.
QUESTION 2. Based on theecho images in Figures 12-4
and 12-5. the patient has the following:
A. No signlfican.t mitral stenosis (MS); significant
aortic regurgitation (AR)
B. Significant MS and AR
C. No signlfican.t AR; signlfican.t MS
D. No significant valvular disease

QUESTION 4. Based on the echocardiogram image
in Figure 12-8, the round structure in the middle of
the right atrium is:
A. An artifact
B. A prominent Eustachian valve
C. Chiari network
D. An interatrial septal aneurysm
E. A tumor

24 I COMPLEX CASES IN ECHOCARDIOGRAPHY

Answers
ANSWER 1: C All three valves demonstrate thickening
of the leaflet tips with diastolic doming of the mitral and
tricuspid valves and systolic doming of the aortic valve.
Typically, the mitral valve is most commonly affected
followed by the aortic valve, and when the aortic valve
is affected, the mitral valve is almost invariably affected.
It is much more uncommon to have the tricuspid valve
involved.

ANSWER 4: D. The transthoracic image in Figure 12-8
demonstrates an enface view of an interatrial septal aneurysm from a right ventricular inflow perspective.
In this patient with high left atrial pressure, this is
also demonstrated by the left-to-right bowing of the
aneurysm on the transesophageal images shown in
Figure 12-9.
Table 12-1 summarizes classification of severity of MS
and AR by echocardiography.

ANSWER 2: B. Figure 12-4 demonstrates a diastolic
frame in the parasternal long-axis view, showing severe
aortic valve regurgitation: AR vena contracta is greater
than 0.6 em and takes up almost the whole outflow
tract. A high velocity jet is seen within the left ventricle,
suggesting MS. The significance of the MS is shown in
Figure 12-5 using continuous wave across the mitral
valve in the apical four-chamber view. The mean diastolic pressure gradient of 11 mm Hg is consistent with
severe MS.
ANSWER 3: E. While extensive calcification of the
mitral valve and subvalvular apparatus would increase
the Wilkins score and make percutaneous balloon valvuloplasty less likely to be successful (Wilkins score ~ 8),
there is no evidence of significant calcifications of this
valve or subvalvular apparatus. Also, although moderate to greater degree of MR is a contraindication to
balloon valvuloplasty, severe aortic valve regurgitation
is not.

Figure 12-9.
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Answers
TABLE 12-1. Classification of Severity of MS and AR by Echocardiography
Mitral Stenosis

Mean gradient (mm Hg)
Pulmonary artery systolic pressure
(mm Hg)
Valve area (cm2)

Mild

Moderate

Severe

Less than 5

Greater than 10

Less than 30

5-10
3Q-50

Greater than 1.5

1.0-1.5

Less than 1.0

Greater than 50

Aortic Regurgitation
Mild
Qualitative
Angiographic grade
Color Doppler jet width

Moderate

1+
2+
Central jet, width less than Greater than mild
25% of LVOT
but no signs of
severeAR
Doppler vena contracta width (em)
Less than 0.3
0.3-Q.6

Severe
3-4+
Central jet, width greater
than 65% LVOT
Greater than 0.6

Reprinted from Bonow RO, Carabello BA, Nishimura RA, et al. 2008 focused update incorporated into the ACC/AHA 2006 guidelines for the management of patients with valvular heart disease: a report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (Writing Committee to revise the 1998 guidelines for the management of patients
with valvular heart disease). Endorsed by the Society of Cardiovascular Anesthesiologists, Society for Cardiovascular Angiography
and Interventions, and Society of Thoracic Surgeons. 1 Am Coil Cardia/. 2008;52(13):e1 ~142.
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AIDS and Pneumocystis Pneumonia

A

34-year-old woman with AIDS and a history of Pneumocystis pneumonia presents with shortness of
breath and hemoptysis. She is hypoxic and hypotensive on presentation. See Figures 13-1 and 13-2.

Figunt 13·3.

Figunt 13-1.

Flgunt 13-4.

QUESTION 1. The following is true except:
A. The patient has marked right ventricular (RV)
dilatation with hypertrophy
B. The patient has evidence ofRV pressure over-

load
C. The patient has a moderate pericardial

effusion
D. All are correct

Flgunt 13·2.
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QUESTION 2. Based on the echocardiogram images
in Figures 13-3 to 13-5, the following statement is
true about the patient's pulmoruuy hypertension:
A. The pulmonary artery (PA) systolic pressure is
severely elevated, the PA diastolic pressure is
mildly elevated, and right atrial (RA) pressure
is normal
B. The PA systolic pressure is moderately
elevated, the PA diastolic pressure is moderately elevated, and RA pressure is elevated
C. The PA systolic pressure is severely elevated,
the PA diastolic pressure is severely elevated,
and RA pressure is elevated
D. The PA systolic pressure is moderately
elevated, the PA diastolic pressure is severely
elevated, and RA pressure is elevated
Figure 13-5.

Figure 13-6.

Figura 13-7.

QUESTION 3. All of the following are possible
causes of this patient's severe pulmonary hypertension
except:
A. A large atrial septal defect (ASD)
B. Long-standing lung disease with recurrent
pnewnonias
C. Chronic or acute on chronic thromboembolic
disease
D. Acute pulmonary embolus

QUESTION 4. The arrows in Figures 13-6 and 13-7
point to:
A. A thrombus in a patent ductus arteriosus
B. A thrombus in the proximal left PA
C. A thrombus in the proximal right PA

28 I COMPLEX CASES IN ECHOCARDlOGRAPHY

Answers
ANSWER 1: D. The images demonstrate a markedly
enlarged right ventricle with severe RV hypertrophy.
There is flattening of the interventricular septum in systole consistent with right ventricular (RV) pressure overload. With RV volume overload, the septum would be
flattened only in diastole. The left ventricular (LV) cavity
is small, and there is a moderate pericardia! effusion.

ANSWER 4: B. The patient had a history of chronic
thrombotic disease and pulmonary hypertension but
presented acutely with a large occlusive thrombus in the
proximal left PA, causing her deterioration.
The echocardiogram findings are confirmed by the
computed tomography scan. Arrows point to thrombus
{Fig. 13-8).
Anterior

ANSWER 2: C. The patient has severe tricuspid regurgitation (TR) with an RV-to-RA pressure gradient of
73 mm Hg based on the continuous wave of the TR
signal. The inferior vena cava is non-to-minimally collapsing, consistent with an estimated RA pressure of
15 mm Hg. Therefore, the estimated PA systolic pressure
is severely elevated at 88 mm Hg. The PA diastolic pressure is calculated as 4 v2 of the end-diastolic pulmonary
regurgitation (PR) velocity plus the central venous pressure (CVP}, that is 23 mm Hg plus 15 mm Hg = 38 mm
Hg---also severely elevated. The mean PA pressure can
be calculated as the pressure gradient of the early diastolic PR flow plus the CVP.. here an estimated 36 mm Hg
plus 15 mm Hg = 51 mm Hg---also severely elevated.

Posterior

Figure 13-8. Computed tomography scan of
occlusive thrombus in left PA.

ANSWER 3: D. large ASDs with long-standing rightto-left shunts may cause severe pulmonary hypertension
with resultant dilatation of the RV and development of
RV hypertrophy. Therefore, a study should be performed
to rule out an ASD. Chronic lung disease and chronic
pulmonary embolism likewise can cause severe pulmonary hypertension with affection of the right heart. An
acute pulmonary embolism alone would potentially
cause an acute dilatation of the RV, but there would be
no hypertrophy. Also, most large acute pulmonary emboli cause pulmonary hypertension only in the moderate range.

Suggested Reading
Min.iati M, Monti S, Pratill L, et aL Value of transthoracic echocardiography in the diagnosis of pulmonary embowm: results of a prospective study in uns~ patients. Am f MeJ.
2001;110:528-535.

Congenital Heart Disease

A 34-year-old woman is referred for evaluation for congenital heart disease.

Figure 14-1A.
Figure 14-1C.

QUESTION 1. Based on the image provided
(Fig. 14·1)) the patient can be diagnosed with:
A. Hypoplastic left heart and tricuspid atresia
B. Transposition of the great arteries
C. Double inlet left ventricle
D. An ASD and a ventricular septal defect (VSD)
E. All of the options

Figure 14-11.
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Answers
ANSWER 1: E. The images show a double inlet left

ventricle with a rudimentary right ventricle with left-toright blood flow through a VSD (Fig. 14-2). An ASD is
visualized on Figure 14-2A.

Figure 14-28.

Figure 14-2A.

Suggested Reading
Amm.ash NM, Warne3 CA. Survival into adulthood of patients with
unopera.ted .single venuicle. Am J Omli4L 1996;77:542-544.

Family History of Sudden Cardiac Death

A

35-year-old woman with a family history of sudden cardiac death comes for cardiac ewluarion
(Videos 15-1 to 15-5 and Figs. 15-1 to 15-4).

Figure 15-1.

Figure 15-4. LVOT peak PGr = 67.1 mm Hg.

QUESTION 1. This echocardiogram demonstrates
findings most consistent with:
A. Hypertrophic cardiomyopathy (HCM)
B. Pompe disease
C. Hypertensive cardiomyopathy
D. Discrete membranous subaortic stenosis

Figure 15·2. Pulse and continuous wave Doppler,
mitral inflow.

QUESTION 2. Echocardiogram findings include
which of the following (select all that apply)?
A. Systolic anterior motion of the mitral valve
(SAM)
B. Cavity obliteration
C. Bright subendocardial stripe
D. Color Doppler demonstrating a concomitant
mitral regurgitation (MR) and increased left
ventricular outflow tract (LVOT) velocities
E. Echogenic structwe consistent with an
implantable defibrillator

Figure 15·3. Pulmonary vein flow.
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Figura 15·8.

Figure 15-5.

QUESTION 3. The Doppler findings show (select
all that apply):
A. Normal mitral inflow pattern and normal
pulmonary vein pattern
B. Pseudonormal mitral inflow pattern and
systolic flow reversal in the pulmonary vein
consistent with severe MR
C. An abnormally increased LVOT gradient
D. A continuous wave (CW) gradient showing
late systolic MR
Figure 15~.
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QUESTION 4. The echocardiographic images
(Videos 15-6 to 15-12 and Figs. 15-5 to 15-10)
demonstrate which of the following?
A. Resolution of the SAM
B. Marked reduction in MR
C. Marked reduction in LVOT gradient
D. All of the options
E. None of the options

',.,

1!Xm

.! 5}

CJS
~ow

SV-4 Om<-

\

HGton

IQJ

I

89')'.

) "'~

~

)6,.1;+-i:
9 7cm

,.
"'"'
• "!

~,;,.:··?~.

,.

7~''J'.

P

'•'•·

E '--": E

zo

.....

1\0

c-.'i

'

.,
I'

,.,

- 1:?0

-6.0

-c.rnill>

J'

--60

-·11 0
/~nun/\

CASE 15 I 33
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QUESTION S. The pulse and tissue Doppler
indicate (select all that apply):
A. Normal hemodynamics and normalization of
the mitral inflow abnormalities
B. Resolution of the LVOT gradient
C. Persistence of pseudonormal mitral inllow
pattern
D. Resolution of the pulmonary systolic reversal
flow
E. Brain natriuretic peptide (BNP) level is likely
to be elevated

Figure 15-9.

QUESTION 6. The change in the echocardiogram
Doppler findings is most likely due to:
A. Aggressive therapy with a beta·blocker and
disopyramide
B. Surgical myectomy
C. Alcohol septal ablation
D. Rehydration ofhypovolemic patient

Figure 15·10.
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Answers
ANSWER 1: A. The patient has asymmetric septal
hypertrophy, SAM, and LVOT gradient.

ANSWER 6: B. The answer is surgical myectomy as her
basal septum appears considerably thinner, and on
short-axis 2D views, a groove at the site of myectomy is
apparent (Fig. 15-12, arrow).

ANSWER2: 4 B, D, E. A bright subendocardial stripe,
which is not present, is associated with Fabry disease. A
defibrillator was placed, as this patient had multiple risk
factors for sudden cardiac death including family history, episodes of syncope, and ventricular tachycardia on a
Holter monitor.
ANSWER 3: ~ c. Of note in patients with HCM and
significant increase in wall thickness, a normal mitral inflow is almost always indicative of diastolic dysfunction
and elevated filling pressures. The CW gradient in Figure
15-11 has a characteristic dagger shape and late systolic peak of the LVOT velocities seen in HCM patients
with LVOT gradients.

Figure 15-11.

ANSWER 4: D. The patient has resolution of the SAM,
marked reduction in MR, and marked reduction in LVOT
gradient.
ANSWER 5: B, <:; D, E. There is resolution of the LVOT
gradient and resolution of the pulmonary vein systolic
flow reversal flow but a pseudonormal mitral inflow pattern and markedly elevated E/P (ratio of Ewave left ventricular [LV] filling to the myocardial E' wave in diastole),
which is likely to be consistent with an elevated BNP. In
HCM, in spite of the gradient-reducing therapies, patients still have significant left ventricular hypertrophy
(LVH) as well as associated myocardial fibrosis and diastolic dysfunction (the A wave duration on the pulmonary venous flow is increased, the EIE' is elevated, and in
a patient with LVH, the expected mitral inflow pattern is
EIA [ratio of E wave to A wave velocities during cardiac
filling] reversal).

Suggested Reading
Schonbeck MH, Brunner-La Rocca HP, Vogt PR. et al. Long-tenn
follow up in hypcrnophic ohstruttive aud.iomyopathy after
$eptal myectomy. Ann Thort#Surg. 1998;65:1207-1214.

Figure 15·12.

CASE 16
End-stage Renal Disease on Hemodialysis

T

he patient is a 35-year-old woman who has a significant past medical history of end-stage renal
disease on hemodialysis through a PermCath (Covidien, Mansfield, Massachusetts) and was admitted in septic shock. The patient was transfetted to the intensive care unit and now has multiple positive
blood culnues.

Figure 16-1.

Figure 16-3.

QUESTION l. Figures 16-1 to 16-3 show:

Figure 16-2.

A. A vegetation attached to the left atrial (IA)
and left pulmonary vein connection
B. A thrombus attached to the anterior right
atrial (RA) to superior vena cava (SVC)
connection
C. A vegetation attached. to the posterior RA to
SVC connection
D. A thrombus attached to the IA body to
appendage connection
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Answers
ANSWER 1:

c.

Considering the positive culture, the
mobile structure is likely infected, that is, a vegetation.
Its location is the posterior RA and SVC connection
area. A 3D transesophageal echocardiogram provides
rotational views of the shape and motion of the
vegetation.

Suggested Reading
Sandtoni S, McGill R., Brouwer D. Hemodialysis catheter-associated
endocarditis: clinical features, aUks, and com. Stmin DUd.
2003;16:263-265.

Flu with Recent Onset of Congestive Heart Failure

T

he patient is a 36-year-old woman with a history of the flu 6 weeks prior to admission and onset of
congestive heart failure in the last 10 days. See Figures 17-1 and 17-2 and Videos 17-1 and 17-2.

".of '•
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.!\...

Figure 17·1. Twelve-lead ECG.

QUESTION 1. All of the following are true except:
A. The patient has severe left ventricular (LV)
dysfunction
B. There is LV mass-electrocardiogram (ECG)
voltage discordance
C. The increase in LV wall thickness is best
explained by amyloid
D. The increase in LV wall thickness is best
explained by myocarditis

Figure 17-2. There was an increase in the LV wall
from 10 mm to 13 mm in 7 days.
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Answers

Al - l : myocarditis

Al -2 : inflammatory cells
Figure 17-3.

ANSWER 1: c. This patient was found to have acute fulminant myocarditis as shown in the histology Figure 17-3
{A1-1; A1-2; A1-3).
Echocardiogram features of acute fulminant myocarditis include the following:
LV with or without right ventricular (RV) systolic dysfunction, which may be global or segmental. There is
often an acute increase in LV wall thickness that can also
be seen in acute cardiac transplant rejection.
There is a variable natural history. The differential
diagnosis for ECG LV voltage-echo mass discordance
includes amyloidosis, but in the acute setting it suggests
myocarditis.

Fatigue, Weight Loss, and Anorexia

T

he patient is a 37-year-old man with fatigue, a 20-lb weight loss, and worsening anorexia over the
past 6 months.

Figure 18-3.

Figure 18-1.

QUESTION 1. A saline contrast bubble study was
ordered to evaluate for a patent foramen ovale (PFO).
Saline contrast was injected into the right arm.
In Figure 18-1 and Video 18-1, what do you see?
A. A righr.to-left shunt consistent with. a PFO
B. A ventricular septal defect
C. An atrial septal defect
D. Saline contrast entering the left atrium before
the right atriwn
QUESTION 2. Based on the M-mode inferior
vena cava (NC) findings (Fig. 18-2), the right atrial
pressure is:
A. Normal
B. Elevated
C. Low

Figure 18-2.

QUESTION 3. The spectral Doppler (Fig. 18-3)
shows:
A. An increased. diastolic gradient across the
tricuspid valve
B. Tricuspid regurgitation
C. Pulmonic stenosis
D. Findings consistent with carcinoid syndrome
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QUESTION 4. In Figure 18-4 and Video 18-2, the
apical four~chamber color Doppler views demonstrate:
A. Tricuspid stenosis
B. Diastolic flow convergence across the right
ventricular (RV) inflow tract
C. Tricuspid regurgitation
D. Findings consistent with carcinoid syndrome

QUESTION 5. In Figure 18·5 and Video 18·3, the

Figure 18-4.

apical four..chamber views demonstrate:
A. Tricuspid stenosis
B. Findings consistent with carcinoid syndrome
C. A Gerbode defect
D. A right atrial mass

QUESTION 6. What is the mechanism responsible
for the saline contraSt bubbles entering the left atrium
before the right atrium?
A. There is an arteriovenous fistula
B. This patient has corrected transposition of the
great vessels
C. An echocardiogram contrast agent used to
opacify the left ventricle (LV) was given
instead of saline
D. There is a right atrial mass obstructing the
superior vena cava

Figure 18-5.
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Answers
ANSWER 1: D. Saline contrast enters the left atrium
before saline contrast is seen in the right atrium.
ANSWER 2: B. Right atrial pressure is elevated, as
there is no inspiratory decrease in IVC size.
ANSWER 3: A. The spectral Doppler shows an increased
diastolic gradient across the tricuspid valve.

ANSWER 6: D. There is a right atrial mass obstructing
the superior vena cava.
This led to collaterals from the azygous and hemiazygos vein to the left upper pulmonary vein as shown
on the computed tomography scans in Figures 18-6 and
18-7 (Reprinted from Beigel R, Thomson LEJ, Siegel RJ.
An unusual case of saline contrast injected in the anterior cubital vein appearing in the left heart prior to the
right heart. JAm Coli Cardiol. In Press, with permission
from Elsevier.).

ANSWER 4: B. The apical four-chamber color Doppler
views demonstrate diastolic flow convergence across
the RV inflow tract.

ANSWER 5: D. The apical four-chamber views demonstrate a right atrial mass.

Figure 18·6.
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Answers
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Figure 18·7A-C.

Suggested Reading
Gr.a~t

D, Gha~ B, Szapiro D, et al. System.ic-to-pulmoruuy venous
shunt in superior vena cava obsuuction .revealed on dynamic
helical CT.A]RAm] Romtgmq/. 2001;176:211-213.

CASE
Syncope

A

3D transesophageal echocardiogram {TEE) (Video 19-1) and M-mode (Fig. 19-1) are shown for a
37-year-old woman with syncope.

QUESTION 1. The abnormality shown is:

A.
B.
C.
D.
E.

Aortic stenosis
Left atrial myxoma
Infective endocarditis
Mitral valve prolapse
None of the options

Figure 19-1.

Answers
ANSWER I: B. The 3D TEE video shows the mitral
valve from the left ventricular perspective. The myxoma
enters the left ventricle during diastole.
In the M-mode image (Fig. 19-2), the mitral valve
(A) is seen (arrow), and the myxoma (B) prolapses into
the mitral orifice with each diastole.
Additionai2D TEE images clearly show the myxoma
and Doppler diastolic mitral gradient (Videos 19-2 to
19-6 and Fig. 19-3).

Figure 19·3.

Figure 19-2.

Suggested Reading
Tolstrup K. Shiota T, Gurudevlln S, et al. Left atrial myxomas:
c:ottdation of two-dimensional a.ttd live ~-dimensional transesophageal echocardiogr.aphy with the cl.inical a.ttd pathologic

.6nc:fin&J. I Am Soc Ethocardiogr. 2011;24:618-624.
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Lip and Skin Lesions with the Appearance of Blebs/Papules
38-year-old healthy woman developed Up and skin lesions with the appearance of blebs/papules
2 months ago.
She had swelling of her legs) progressive dyspnea on exertion) fatigue for 2 weeks) and paroxysmal
nocrurnal dyspnea for 4 days.

A

QUESTION 1. The findings in Videos 20-1 to 20-4
are most consistent with:
A. Ischemic cardiomyopathy
B. Cardiomyopathy due to valvular disease
C. Acute perimyocarditis
D. Peripartum cardiomyopathy
E. Idiopathic cardiomyopathy

QUESTION 2. Based on the transesophageal echocardiogram) the lack of opening of the aortic valve is
due to:
A. Aortic valve stenosis
B. Low cardiac output
C. A thrombus occluding the valve

Answers
ANSWER I: c. The prodrome with skin and mucosal
lesions are consistent with a viral myocarditis. The most
common viruses associated with myocarditis are Coxsackievirus, influenza virus, adenovirus, echovirus, cytomegalovirus, and HIV.
The depressed myocardial function may be due to direct cytotoxicity via receptor-mediated entry of the virus
into cardiac myocytes as well as an adverse autoimmune
response to the infectious agent.

Clinical Course
The patient had clinical deterioration and had a left ventricular assist device placed.
Due to thrombosis and limb ischemia, the patient
was taken to the operating room for revision of the external cannula.
A transesophageal echocardiogram was performed
(Videos 20-5 and 20-6).

Suggested Reading
Felker GM, Boehmer JP. Hruban

RH, et aL Echoc:udiographlc
fittd.ingll in fUlminant and acute myocarditis. f Am Coli OmlioL
2000;36:227-232.
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ANSWER 2: c The very low cardiac output and stroke
volume causes the valve to open only minimally and
very briefly. In addition, due to the very low cardiac output, there is spontaneous contrast ("stasis") in the aortic root. This was a preterminal event, and the patient
expired a few hours later.
A biopsy demonstrated lymphocytic infiltrate and necrosis consistent with acute viral myocarditis.

Acute Shortness of Breath following Surgery due to a Motor Vehicle Accident

A

40-year-old man had orthopedic swgery following a motor vehicle accident. He subsequendy
developed acute shortness ofbreath. Transthoracic echocardiogram images were obtained (Figs. 21-1
to 21-3 and Video 21-1).

Figure 21-1.

Figure 21-3.

Figure 21-2.

QUESTION 1. The most likely diagnosis is:
A. Right ventricular (RV) stress cardiomyopathy
B. RV infarction
C. Fat embolus
D. Pulmonary embolism (PE) with clot from legs

QUESTION 2. RV echocardiographic predictors of
outcome in acute pulmonary embolism include:
A. RV/left ventricular (LV) end-diastolic
diameter ratio
B. Stress and strain rates
C. RV fractional area change
D. RV/LV end-diastolic diameter ratio and RV
fractional area change
E. Stress and strain rates and RV fractional area
change
QUESTION 3. True or False? RV dilatation occws
after an increase in pulmonary vascular resistance
(PVR) in acute PE.
QUESTION 4. True or False? Regional RV wall
motion abnormalities in PE are completely reversible.
45
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Answers
ANSWER I: D. The mass is shaped like a cast from the
iliofemoral veins and is consistent with a clot "in transit"
causing pulmonary emboli.
During the echocardiographic exam, the clot disappeared and embolized to the lungs (Video 21-2).
ANSWER 2: E. The RV/lV end-diastolic diameter ratio
was shown to be a predictor of adverse clinical events
and/or hospital survival in patients with acute pulmonary
embolism.
RV fractional area change was found to be an independent predictor of heart failure, sudden death, stroke,
and/or mortality in studies of patients after pulmonary
embolism and myocardial infarction.
Stress and strain rates are less useful due to lack of
normative data.

Suggested Readings
Fam:.t Z, Shechte.r M, Vc.rcd. Z, et al. Review ofechocardiop-aphically
diagnosed right heart entrapment ofpulmonary emboli-in-transit
with emphasis on management. Am Htt.tnf. 1987;113:171-178.
Rudski LG, Lai WW, Afi.lalo J, et al. Guidelines fOr the echowdiographic assessment of the right heart in adults: a report from

ANSWER 5: FALSE. Conditions that acutely increase
PVR, such as pulmonary embolism, result in increases in
RV size prior to the augmentation of pulmonary pressures, which ultimately may result in RV hypertrophy.
.ANSWER 4t TRUE. Initial increases in RV volume and
diameters are often accompanied by a specific pattern
of abnormal regional wall motion in which the mid-RV
free wall becomes hypo or dyskinetic with relative
sparing or even a hyperkinetic RV apex as seen in
Video 21-2. Regional RV wall motion abnormalities in
PE are completely reversible with improvement in pulmonary hemodynamics.

the American Society of Echocardiography endorsed by the
European Association of Echowdiography, a ~tered branch
of the European Society of Cardiology, and the Canadian So·
ciety of &hocardiograpby. JAm Soc &hoa~rt&gr. 2010;23(7):
685-713.

Syncopal Event with a Bruised Sternum
41-year-old African American man presents after a syncopal event that occurred while driving a car.
The patient was involved in a head-on collision and had a bruised sternum.
The physical exam is remarkable for a well-developed 41-year-old man in no acute distress. Neck veins
are not elevated and carotid pulses are symmetric and normal in caliber. Lungs are dear to auscultation
bilaterally. Cardiac exam reveals a point of maximum impulse displaced to the anterior axillary line.
The.re is a normal Sl and S2 with. no murmurs, rubs, o.r gallops. There is no peripheral edema.
An echoca.rdiogram is ordered to assess left ventricular (LV) systolic function (Videos 22-1 to 22-4).

A

QUESTION 1. Which of the following studies
should be performed to clarify the diagnosis?
A. Repeat echocardiogram with LV contrast
B. Myocardial perfusion single-photon emission
computed tomography
C. Coronary angiography
D. Coronary computed tomographic angiography
E. Tilt table test

QUESTION 2. After looking at Videos 22-5 to 22-7,
what is the most likely etiology of cardiomyopathy?
A. Ischemic heart disease
B. Acute myocarditis
C. Arrhythmogenic right ventricular (RV) dysplasia
D. Noncompacrion ca.rd.iomyopath.y
E. Hypertrophic cardiomyopathy

Answers
ANSWER 1: A. The patient has a markedly depressed
LV systolic function with marked LV hypertrophy. Although working up ischemia with a myocardial perfusion study, coronary angiography, or coronary computed tomographic angiography may be indicated, the best
first step would be to perform an echocardiogram with
LV contrast (Videos 22-5 to 22-7). There is no indication
for tilt table testing.

ANSWER 2: D. Noncompaction cardiomyopathy, also
called spongiform cardiomyopathy. is a rare cardiomyopathy that results from the failure of myocardial development during embryogenesis. Noncompaction can be
diagnosed on the basis of a ratio of noncompacted myocardium to compacted myocardium of 2:1 or greater.
Microbubble contrast helps to separately visualize noncompacted myocardium, which allows contrast to freely
travel within its sinusoids, from compacted myocardium,
which has a more contrast-free appearance.

Suggested Reading
Capt:Ut G. Nihoyannopoulo.s P.. Left ventricular non-compaction:
genetic: heterogeneity, diagnosiJ and cl.itt.ical c:ourse. lnt] OmlioL
2010;140:145-153.
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Weight Loss and Low-Grade Fevers
41-year-old man was admitted to the hospital with a 1-month history offatigue, shortness of breath,
weight loss, and low-grade fevers.
On physical examination, he is ill-appearing. He has a blood pressure of 119/56 mm Hg, heart rate of
123 beats per minute, respiratory rate of 18 breaths per minute, temperature of 100.8°F; and his oxygen
saturation is 97%. He has bounding (3+) peripheral pulses, a 1/6 systolic ejection murmur, and 1/4
diastolic murmur at the apex as well as a gallop.
Computed tomography (C'D scan revealed a splenic infarction versus a mass. Blood cultures were also
obtained.
See Videos 23-1 to 23-3.

A

QUESTION 1. Which of the following are true?
A. There is a bicuspid aortic valve with mild
aortic regurgitation (AR)
B. There is a trileallet aortic valve with severe AR
C. There is a bicuspid aortic valve with severe AR
D. There is an aortic valve vegetation
E. There is a bicuspid aortic valve with severe AR
and an aortic valve vegetation

Figure 23·1.

QUESTION 2. Additional transthoracic images are
performed. Shown are color Doppler (Fig. 23-1) and
pulse Doppler (Fig. 23-2) images. What is the significance of the Doppler findings in the figures?
A. There is severe mitral regurgitation (MR)
B. There is mild MR
C. There is severe AR
D. None of the options
QUESTION 3. The patient develops hypoxic hypercapnic respiratory failure requiring intubation. A
transesophageal echocardiogram (TEE) is performed
(Videos 23-4 to 23-8).

Figure 23-2.
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Based on the TEE findings:
A. You initiate antibiotic therapy
B. You call for surgical consultation the next day
C. You arrange for emergent aortic valve
replacement
D. You send the patient for aCT scan to rule out
aortic dissection
E. You initiate antibiotic therapy and arrange for
emergent aortic valve replacement
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Answers
ANSWER 1: E. The aortic valve is bicuspid with a raphe
between the right and left coronary cusp, at times
creating the illusion of a trileaflet aortic valve. The aortic
valve is thickened with evidence of vegetation and
damage of the cusps in the long-axis view. The color
Doppler shows wide open AR with diastolic MR.
ANSWER 2: c There is evidence of severe AR.
Figure 23-3, using color Doppler, demonstrates the
presence of diastolic MR, which is seen with severe
acute AR and is associated with severely elevated left
ventricular end-diastolic pressure. Figure 23-4 depicts
the pulse wave Doppler finding of holodiastolic flow reversal in the descending aorta consistent with severe
AR.

Figure 23·3.

ANSWER 3: E. The findings are consistent with acute
severe AR and emergent surgical repair is indicated because of rapid clinical deterioration.
In addition, there is tachycardia and preclosure of the
mitral valve as well as diastolic MR all indicative of acute
severe AR. Blood cultures from a minimum of two sites
should be obtained and antibiotics should be started.

Figure 23-4.
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Answers
SUBSEQUENT FINDINGS
Surgical findings show aortic valve endocarditis
(Figs. 23-5 to 23-7).
Cultures from the blood and valve tissue grew
Streptococcus Abiotrophia.

Figure 23·6.

Figure 23-5.

Figure 23·7.

Suggested Reading
Vogt P.R. von Scgesser LK. JeDni R. et al. Emergency su.rge.ry for
acute infective aortic wive endocarditis: performance of c.ryopreserved homografts and mode of .f.Wwe. Eur J OzrdMtl.umu: Sulf.
1997;11:53-61.

Atrial Fibrillation and Shortness of Breath
42~year~old

woman had her first episode of atrial fibrillation 3 years ago. Over the last year. she
developed symptoms of fatigue and shortness of breath.
Physical examination showed no signs of cardiac decompensation. On auscultation. a split second
heart sound was noted.
See Figures 24·1 to 24·3 and Videos 24.1 and 24·2.

A

Figure 24-1. M-mode, parasternal long-axis view.
Figure 24·3. Conventional 20 TEE with and without color Doppler at 110°.

QUESTION 1. What is the diagnosis?
A. Ventricular septal defect
B. Secundum atrial septal defect
C. Atrioventricular (AV) canal defect
D. Lefr.to·right shunting through a stretched
patent foramen ovale

A

B

Figure 24-2. A. Conventional 2D transesophageal
echocardiogram (TEE) with color Doppler in
different planes at
B. Conventional 2D TEE
with color Doppler at 30°.

oo.
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QUESTION 2. How would you proceed?
A. The patient has only mild symptoms; a routine follow-up in 6 months is sufficient
B. Closure of the atrial septal defects (surgery or
transcatheter closure)

QUESTION 3. What has to be judged after device
positioning?
A. Device position
- Device position has to be stable
- Both disks should be opposed to the septum
secundum
B. Residual shunt/additional defects
C. Complications
- Pericardia! effusion
-Obstruction of a pulmonary vein/coronary
SinUS

-Disturbance of AV-valve function
-Thrombi
D. All of the options
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Answers
ANSWER 1: B. The short-axis view (Fig. 24-2 and
Video 24-1 ) at 30° shows that the patient had no aortic
rim, and the long-axis view (Fig. 24-3 and Video 24-2) at
11 0° documents two atrial septal defects in the secundum portion of the atrial septum.

• Right heart
catheterization:
Qp: Qs 1.9
• Bailon sizing

caudal defect:

ANSWER 2: B. Indications for atrial septal defect closure include symptoms and/or right ventricular/right atrial
enlargement and/or a pulmonic blood flow: Systemic
blood flow> 1.5 and/or paradoxical embolism.1
The patient has symptoms, and the M-mode (Fig. 24-1 )
shows right ventricular enlargement.
Therefore, treatment is indicated, and it was decided
to close the defect with percutaneous closure devices.
The procedural steps are shown in Figures 24-4 to
24-6 and Video 24-3.
Right heart catheterization documented a relevant
shunt, and the additive measurements of both defects
were larger than 40 mm. Therefore, the defects could
not be closed with a single device, and two devices had
to be implanted.
The procedural steps are shown in Figures 24-5 and
24-6 and Video 24-3.

18mm
• Bailon sizing
cranial defect:
23mm

2 Amplatzer extra stiff wires and
2 sizing balloons (40 mm - NumediNMT) are placed in the defects

Figure 24-4. Right heart catheterization and
measurements with balloon sizing.
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Answers

B

A

Figure 24·5. A. Two Amplatzer delivery sheath can be seen: one is positioned in the caudal (9 F)
and the other in the cranial defect (10 F). B. The placement of a 18-mm and a 24-mm Amplatzer
septal occluder is shown.

ANSWER 3: D. Stable device position, closure of the
defect with no residual shunt, and lack of procedural
complications are all part of the postprocedural assessment. See Video 24-4 to 24-6 and Figures 24-7 to 24-9,
which demonstrate what needs to be assessed after device positioning.

Figure 24-6. Assessment before device release.
3D TEE zoom: Both occluders are positioned but
still attached to the delivery cables. The caudal
occluder is Hsandwiched" in between the disks of
the larger cranial defect.

CASE 24 I 55

Answers

A

B
Figure 24-7. Six-month follow up. The 30 TEE zoom images show a left atrial (A) and a right atrial
(B) view of the occluders.

Figure 24-8. Six-month follow up. 20 TEE 90°
view: The position of both occluders is shown.
At the 6-month follow up, she no longer had
dyspnea and experienced an improvement in
functional capacity.

Reference
1. Warnes CA., Williams RG, Bashore TM, et al. Atrial septal
defect. In: ACC/AHA 2008 guidelines for the management
of adults with congenital heart disease. ] Am CAN Card;ql.
2008;52(23):el73-cl78.

Figure 24-9. 1n this image, complete closure is
confirmed by administration of agitated saline
intravenously during a Valsalva maneuver.

CASE 25
Marfan Syndrome with Sharp Chest Pain
he patient is a 43-year-old woman with a history of Marfan syndrome. She had a Bentall procedure
10 years ago with. a composite Dacron graft (INVISTA, North Wichita, Kansas) replacing the
native ascending aorta and a mechanical St. Jude Medical aortic valve (St. Jude Medical, St. Paul, Min·
nesota). The patient now presents complaining of sharp chest pains worse not only with inspiration but
also with firm palpation. An echocardiogram was done to further evaluate the patient's chest pain (Videos
25·1 to 25·3 and Figs. 25·1 to 25·3).

T

Figure 25·1.

Figure 25-3.

QUESTION 1. The transthoracic echocardiogram
demonstrates:
A. An ascending aortic dissection
B. An artifact
C. A malfunctioning aortic valve
D. None of the options
QUESTION 2. Which do you recommend?
A. Emergent aortic surgery
B. An invasive aonogram and coronary angiogram
C. No further evaluation
D. A computed tomography (Cf) angiogram or
magnetic resonance imaging (MRI)

Figure 25-2.
56

CASE 25 I 57

Answers
ANSWER 1: D. The echocardiogram shows a mobile
linear echo density within the Dacron aortic root graft.
No definitive diagnosis can be made based on these
images.
ANSWER 21 D. Further evaluation with a CT or MRI is
warranted to get a better assessment of the endolumen
of the graft and a 3D reconstruction to facilitate the
diagnosis.
The echo abnormality is due to a kink (Fig. 25·4,
am>w) in the aortic graft which moves in and out of
plane with each cardiac cycle, giving the appearance of
a dissection flap, which would be unlikely in a Dacron
graft.

Figure 25-4.

Reference
1. Al-Moha.We.o. M, Skangard P, Khoo C, et al. Expanding uch

ancwyxm causing a "kink" in a Be.o.tall graft and heart f.Ulure. J
ThontC lmllging. 2012;27:W88-W90.

Worsening Dyspnea on Exertion and Reduced Exercise Capacity
44-year-old woman presents with a 6-month history of worsening dyspnea on exertion. She has
reduced exercise capacity and has to stop to rest after walking one to two blocks.
On physical exam, her blood pressure is 125/76 mm Hg, and her pulse is 72 beats per minute and
regular. Neck veins are ftat. Carotid pulses are bounding. Lungs are clear to auscultation bilaterally.
Cardiac exam reveals a hyperdynamic apical impulse in the fifth intercostal space, midclavicular line.
There is a 3/6 systolic nonradiating ejection murmur in the left upper sternal border. Extremities are
warm with no peripheral edema.
Echocardiography is performed to evaluate left ventricular systolic function (Video 26-1).

A

Q.UESTION 1. On the parasternal long-axis view,

Q.UESTION 2. See Videos 26-2 to 26-4. The large

there is evidence of enlargement of what?
A. Aortic root
B. Right ventricle
C. Coronary sinus
D. Left atrium
E. Coronary sinus and left atrium

tubular structures surrounding the heart are most
likely:
A. Hydatid cysts
B. Cysticerci
C. Coronary arteries
D. Engorged pulmonary veins
E. None of the choices

Answers
ANSWER 11 E. Both the coronal)' sinus and the left
atrium are enlarged. The coronal)' sinus lies within the
left atrioventricular groove and is visualized just posterior
to the mitral annulus within the pericardia! space. It is
usually less than 1 em in diameter, but in this patient,
it is nearly 3 em in diameter.

Suggested Reading
Luo L, Kebede S, Wu S, et al. U>ronary artery fistulae. Amf MtJ Sci.
2006;332:79-84.
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ANSWER 2: c The engorged structures are the patient's
own coronal)' arteries. This patient has a coronary arteriovenous fistula with left-to-right shunting and high-output
congestive heart failure. The high-flow state that occurs
with this condition causes enlargement of all the coronary
arteries and cardiac veins.

Transient Ischemic Attack
44-year-old woman suffered from a transient ischemic attack 2 years ago. An echocardiogram
revealed a patent foramen ovale (PFO) in association with an atrial septal aneurysm. No other
cause for her ischemic cerebral event could be determined. Therefore, she underwent PFO closure, and a
20-mm Premere device (Yelocimed LLC, Minneapolis, Minnesota) was implanted uneventfully. Aspirin
(100 mg) daily and clopidogrel (75 mg) daily were prescribed after the procedure.
At her first follow-up echocardiograrn, the device position appeared appropriate, and there was no
residual shunt through the PFO. However, a small thrombus was seen attached to the right atrial side of
the Premere occluder. This is shown in the .following image in a long-axis view (live 3D transesophageal
echocardiogram [TEE]). (See Fig. 27-1 and Video 27-1.)

A

QUESTION 1. Which therapy would you recommend to treat the thrombus?
A. Continue with aspirin and clopidogrel and
perform another follow-up TEE in 4 to
6weeks
B. Anticoagulation therapy
C. Anticoagulation therapy and aspirin
D. Anticoagulation therapy. aspirin, and dopidogrel
E. Surgery
Figure 27-1. Two mobile thrombotic formations
attached to the right atrial side of the
Premere occluder (/AS, interatrial septum;
LA, left atrium; RA, right atrium).

QUESTION 2. A follow-up echocardiogram showed
that the thrombus enlarged to a size of 20 x 20 mm
even under full anticoagulation therapy in combination with aspirin. Which further strategy would you
suggest according to your echocardiogram findings?
A. Continue with anticoagulation therapy and
aspirin and perform another TEE in 6 weeks
B. Add clopidogrel to anticoagulation therapy
and aspirin
C. Send the patient to surgery
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Answers
ANSWER 1: C The overall incidence of thrombus
occurrence after transcatheter PFO closure is rare.
Currently, there are no accepted guidelines regarding
the best management strategy in case of a thrombus
on a device.
In our case, full anticoagulation therapy in combination with aspirin was administered.
The following 3D TEE full volume image shows the
situation 2 months later (Fig. 27-2 and Video 27-2).
The thrombus enlarged to a size of 20 x 20 mm even
under full anticoagulation therapy in combination with
aspirin.
No embolic events occurred.
Coagulation disorders were excluded, and thus
this represents a case where aspirin was found not to
be effective in preventing thrombus formation in this
patient.

ANSWER 2: C Again, there is no accepted "best
practice" or guidelines available to guide treatment.
According to the large size of the thrombus (Fig. 27-3),
the decision was made to remove the thrombotic mass.
Intraoperatively, it was shown that the thrombus was
attached to a part of the release string of the Premere
occluder.
Therefore, this part was removed, and the occluder
was left in place (Fig. 27-4 and Video 27-3).

Figure 27-3. The removed thrombotic mass is
shown in this image.

Figure 27-Z. Thrombotic mass attached to the
right atrial side of the Premere occluder
(lAS, interatrial septum; RA, right atrium;
SVC, superior vena cava).

Figure 27-4. 20 TEE 6 weeks after thrombus
removal. No recurrence of thrombus formation
could be detected.

Reference
1. Krumsdorf u. Ostermayer S, Billinger K, et al. Incidence and
clinical town of thrombus formation on atrial septal defect

and patent foramen ovale closure devices in 1.000 consecutive
patients.]Am CAl Cmliol. 2004;43:302-309.

Atrial Fibrillation, Dyspnea with Heavy Exertion

T

he patient is a 47-year-old man with a history of atrial fibrillation. Eleven months prior to the
transthoracic echocard.iogram, he underwent a prolonged atrial fibrillation ablation procedure.
He now returns complaining of dyspnea with heavy exertion. A tran.sesophageal echocard.iogram is done
to further evaluate his dyspnea (Fig. 28-1).

QUESTION 1. What does the Doppler show?
A. The mitral inflow suggests mitral stenosis (MS)
B. There isMS and mitral regwgitation
C. This is a normal pulmonary vein flow
D. This is consistent with pulmonary vein stenosis

QUESTION 2. True or False? The aliased color
vdociries come from the pulmonary vein (Fig. 28-2).

Figure 28-1.

QUESTION 3. Why might there be pulmonary vein
stenosis?

A. Congenital
B. Atrial fibrillation ablation

Figure 28-2.
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Answers
ANSWER 1: D. The Doppler shows pulmonary vein
stenosis (Fig. 28-3 and Video 28-1 ).
ANSWER 2: TRUE.
ANSWER 3: B. Atrial fibrillation ablation can lead to
pulmonary vein stenosis due to thermal or cryoablation
damage, which can shrink the pulmonary vein.
In addition, this patient (Fig. 28-4) had a Watchman
closure device (arrow) for occlusion of the left atrial
appendage. This device could potentially obstruct the
left pulmonary vein. However, the gradient occurred
after atrial fibrillation ablation and before the Watchman device was inserted.

Figure 28·3.

Figure 28-4. Left upper pulmonary vein (asterisk).
Suggested Reading
Stavrak.is S, Madden GW. Stoner JA. et al. Transesophagcal echo-cardiography for the diagnosis of pulmonary vein stenosis after
catheter ablation of atrial fibrillation: a systematic review• .&htJ-

carJiography. 2010;27:1141-1146.

Preparation for Kidney Donation

A

48-year-old healthy man is referred for a stress echocardiogram. in preparation for kidney donation.
A mass is noted in the right atrium moving between the right atrium and the right ventricle dwing
the cardiac cycle (Fig. 29-1 and Video 29-1.)

QUESTION 1. What should you do next?
A. Start anticoagulation; the mass is probably a

thrombus
B. Perform a transesophageal echocardiogram
(TEE) to further evaluate the mass
C. Send off blood cultures to work the patient up
for endocarditis
D. Nothing for now. The mass is probably benign
and is on the right side so no risk of stroke

QUESTION 2. See Figure 29·2 and Videos 29·2
to 29-5. What is a likely diagnosis after these TEE
Figure 29-1.

images?
A. Endocarditis
B. Right atrial (RA) myxoma
C. Thrombus in transit
D. RA sarcoma
E. Metastatic disease to the right atrium

Figura 29-2.
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Answers
ANSWER 1: B. Although blood cultures could be considered, there is no history of constitutional symptoms
or intravenous drug abuse, and endocarditis is unlikely.
In situ thrombus would be unlikely, given the patient
does not have atrial fibrillation. A mass should never be
ignored, and a TEE will better delineate the structure as
to size and attachment and so forth. A valvular lesion
would raise suspicion for endocarditis, and a thrombus
in transit from a venous leg or pelvic structure could be
better identified with the TEE. Additional lesions in
other areas of the heart may also be detected and aid in
diagnosis. Furthermore, a lesion of this size should be
considered for surgical removal, and the surgeons would
need to have more information from the TEE before
planning the surgery.
A.NSWER21 D. Figure 29-3 and Videos 29-3 and 29-4
demonstrates a large heterogeneous mass in the right
atrium (single asterisk) that has invaded through the
atrial wall (arrows), and the mass is seen to involve the
pericardia! and extra cardiac space (double asterisk).
The location of the mass and the fact that it has invaded the tissues increases the likelihood that this is a
malignant lesion, most likely sarcoma. The mass was
excised, and pathology confirming angiosarcoma is
shown in Figure 29-4.

Figure 29·3.
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Answers

A

B

Figure 29-4A,B. High-grade angiosarcoma.

Suggested Readings
Butany J, Nair V. Naseemuddin A, et al. Cardiac tumors: diagnosis
and management. LAnm Omol 2005;6(4):219-228.
Orlandi A, Ferlosio A, Roselli M, et al. Cardiac sarcomas: an update.
]Tho1'1# Omol. 2010;5(9):1483-1489.

Yang HS, Sengupta S, Umland MM, et al. Primary cardiac angio·
sucoma. evaluated with contrast two-dimensional and real·
time three-dimensional echocardiography.. Eur f EchtJc~~rtliiJgr.
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Jugular Venous Distension, Tachycardia, and Borderline Hypotension

A

48-year-old man complains of shorm.ess of breath and fatigue. He has jugular venous distension,
tachycardia (heart rate of 108 to 124 beats per minute), and borderline hypotension with a systolic
blood pressure of90 mm Hg. See Videos 30-1 and 30-2 and Figures 30-1 and 30-2.

QUESTION 1. The echocardiogram Doppler studies
demonstrate:
A. Posterior pericardia! effusion
B. Doppler mitral inftow tracing consistent with
pericardia! tamponade
C. Large, bilateral pleural effusions
D. All of the options
QUESTION 2. You recommend:
A. Computed tomography or magnetic resonance
imaging to further evaluate for tamponade
B. Urgent pericard.iocentesis
C. Urgent thoracentesis
Figure 30..1.

Figure 30..2.
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Answers
ANSWER 1: D. A respiratory variation of > 25% in
Doppler mitral inflow is consistent with pericardia! tamponade. There is a posterior pericardia! effusion and
large, bilateral pleural effusions.
ANSWER 2: C. Large pleural effusions can result in hemodynamics and a Doppler mitral inflow pattern exactly
like tamponade due to pericardia! fluid accumulation.
A thoracentesis should be done first (Video 30-3 and
Fig. 30-3); if there is still evidence of tamponade physiology
on echo, a pericardiocentesis can be reconsidered.

Suggested Reading
Kaplan LM, Epstein SK, Schwanz SL, et at. Clinital., echoc-ardiographic, and hemodynamic evide.oc:e of cardiac wnponade
caused by large pleural dfusions. Am ] Rupir Crit C4rt MeJ.
1995;151:904-908.

Figure 30·3. Postthoracentesis, the patient's systolic blood pressure rose to 110 mm Hg, pulse rate
dropped to 88 beats per minute, and, as shown
here, the Doppler mitral inflow tracing normalized with resolution of the respiratory variation.
Thus, the patient's finding of Hpericardial tamponadeN resolved with thoracentesis.

Antiphospholipid Antibody Syndrome
50-year-old woman with a history ofantiphospholipid antibody syndrome. a history of ST segment
elevation (Q wave) myocardial infarction .involving the left anterior descending artery, history of
recurrent deep vein thrombosis status post inferior vena cava filter. and who is status post mitral valve
replacement presents with 1 week of increasing dyspnea on exertion, now with dyspnea at rest. Her prescribed medications include fondaparinu.x and clopidogrel. A transthoracic echocardiogram is performed
(Figs. 31-1 to 31-3). followed by a 3D aansesophageal echocardiogram (Figs. 31-4 and 31-5).

A

Figure 31-3.
Figure 31-1.

QUESTION 1. The recommended treatment for
this condition is:
A. Immediate surgery
B. Fibrinolytics
C. Plasmapheresis
D. Pulse steroids
E. More than one of the choices

Figure 31-2.
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QUESTION 2. This patient has the following type
of valve:
A. Bioprosthetic mitral valve
B. Starr-Edwards caged-ball valve
C. BileaBet mechanical valve
D. None of the options

Figure 31-4.

Figure 31-5.

QUESTION 3. The following is the most likely nonnal
range of transmittal gradients for this type of valve:
A. Peak, 10 to 12; mean, 2.5 to 5 mm Hg
B. Peak, 17 to 20; mean, 8 to 12 mm Hg
C. Peak, 5 to 10; mean, 1 to 2 mm Hg
D. None of the options
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Answers
ANSWER 1: E. This patient has thrombosis of her pros-

thetic mitral valve. There is no consensus among the
major societies for initial therapy for prosthetic valve
thrombosis (PVT). Furthermore, in this case-and not
addressed in the guidelines-is the value of steroids and
plasmapheresis in the treatment of PVT associated with
antiphospholipid antibody syndrome. 1
The various guideline recommendations for PVT are
summarized here:
- American College of Cardiology/American Heart
Association2 :
Fibrinolytic therapy for a left-sided prosthetic valve
obstructed by thrombus is associated with significant risks (cerebral emboli in 12% to 15% of
cases) and is often ineffective. Fibrinolytic therapy
in such patients is reserved for those in whom
surgical intervention carries a high risk and those
with contra indications to surgery. In patients with
a "small clot" who are in NYHA functional class 1
or II, treatment with short-term intravenous UFH
therapy or continuous infusion of fibrinolytic therapy may be considered.
- European Society of Cardiologyl:
Surgery as first-line treatment regardless of clinical status and thrombus size however, fibrinolysis
should be considered in:
-Critically ill patients unlikely to survive surgery because of comorbidities or severely impaired cardiac function before developing valve thrombosis.

References
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-Situations in which surgery is not immediately
available and the patient cannot be transferred.
- Thrombosis of tricuspid or pulmonary valve replacements, because of the higher success rate
and low risk of systemic embolism.
- American College of Chest Physicians4:
Thrombolysis for all right-sided valves and for leftsided valves iv thrombus is< 0.8 cm2 • For patients
with left-sided PVT and large thrombus area{> 0.8
cm2), emergency surgery should be considered.
If surgery is not available or considered high risk,
they suggest fibrinolytic therapy.
- Society of Heart Valve Disease5:
Thrombolysis is the first-line treatment for obstructive PVT, independent of NYHA class and thrombus size if there are no contraindications.
ANSWER 2: c. The patient has a bileaflet St. Jude
mitral valve and one of the leaflets is not moving due to
a thrombosis.
ANSWER 3: A. Depending on the ring size, normal
mechanical bileaflet mitral valve gradients average peak,
7 to 15; mean, 2 to 6 mm Hg.

5. Lengyel M, Horstkorte D, V~ller H, et aL Working Group Infec..
tion, Th.rombosis, Embolism and Bleeding of the Society for Heart
Valve Disease. RecommendatiotJ8 for the management ofprosthetic
valve thrombosis.] HtMt Vah- Dit. 2005;14:567-575.
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Closure of Patent Foramen Ovale
had a closure of a patent foramen ovale (PFO) with a 30~mm Helex septal oc~
duder (W. L. Gore & Associates, Flagstaff, Arizona) after a left hemispheric stroke and recurrent
transient ischemic attacks (TIAs).
She reported no further TIAs after the implantation.
At a 6·month follow·up transesophageal echocardiogram (TEE) after PFO closure, Figures 32·1 to
3~3 and Videos 32·1 to 32·3 were obtained to confirm device position.

A

52~year~old woman

A

A

B
B
Figure 32·1. A. 20 TEE 45•. B. 30 TEE full-volume
acquisition.

Figure 32·2. 20 TEE: X-plane (Go• and 150°) with
color Doppler.

Figura 32·3. A. 20 TEE: Long-axis (LAX) view (112°)
contrast study: Administration of agitated saline
via a cubital vein. B. 3D TEE enface view from
the left atrial (LA) side.

QUESTION 1. Based on Figures 32-1 to 32-3 and
Videos 32-1 to 32-3, what is your diagnosis?
A. The septum secundum is sealed adequately
by the left and right atrial discs of the Helex
septal ocduder
B. No complications after device implantation
can be detected
C. A complication after device closure can be
verified
D. A residual shunt can be detected
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Answers
ANSWER 1: c The images (Fig. 32-1 and Video 32-1 )
demonstrate thatthe septum secundum is not adequately
sealed by the left and right atrial discs; a gap is seen
along the septum secundum. The color flow (Fig. 32-2
and Video 32-2) clearly documents a residual shunt in
this region, which has to be considered a complication.
In the contrast study {Fig. 32-3A and Video 32-3A),
an atypical LA tissue bridge can be seen while the probe
is turned. This tissue bridge prevents the LA disc from
sealing the interatrial septum (lAS).
The 3D TEE enface view {Fig. 32-3B and Video 32-3B)
confirms these findings: the LA disc is trapped and kept
away from the lAS by this atypical tissue bridge as seen
in Figure 32-4.
The Helex septal occluder is composed of a super
elastic, spiral-shaped, single-strand nitinol wire covered
with a biocompatible membrane composed of expanded
polytetrafluoroethylene. After release from the sheath,
the wire assumes a spiral shape. It consists of two circular, equally sized discs, fixed by an integral locking system passing through the center of the device from left to
right. This locking system connects the atrial discs at their
centers and stabilizes the occluder in the defect.
A multicenter experience in 128 patients with previous paradoxical embolism undergoing PFO closure with
the Helex septal occluder reported complete closure in
90% of patients at a mean follow-up of 21 ± 11 months
with no recurrent embolic events and no device-related
thrombus formation. 1
Across studies, a trend toward increased events related to residual leaks can be seen.2
Due to the mechanical problem causing the residual
shunt in this case, it cannot be expected that the residual
shunt will decrease over time.
Therefore, the patient underwent a second closure
procedure with a 20-mm Premere device.
Figure 32-5 and Video 32-4 document complete
closure after placement of a second device.
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Figure 32-4. 3D enface view from the LA side:
The occluder is separated from the septum by the
atypical left LA bridge (LA, left atrium;
lAS, interatrial septum).

Figure 32-5. Flouroscopic image after placement
of a second device (20-mm Premere occluder [Velocimed LLC, Minneapolis, Minnesota]). Contrast
injection confirms complete closure.

Familial Hyperlipidemia and Exertional Chest Pain
52~year~old woman

with familial hyperlipidemia complains of exerrional chest pain but walks 2 to
5 miles daily without difficulty. She is feeling depressed and has had weight gain.
She has a 1~lead electrocardiogram {ECG) as depicted in Figure 33~ 1 and undergoes a supine bicycle
stress echocardiogram with imaging at rest (heart rate [HR] 52 beats per minute; Videos 33-1 and 33-2),
at intermediate exercise (HR 90 beats per minute; Videos 33-3 and 33-4). and during peak stress (HR 131
beats per minute= 78% maximum predicted HR; Videos 33-5 and 33-6), end-systolic frames depicted.
Left ventricular ejec:tion fraction is normal at rest without wall motion abnormalities (Fig. 33-2).

A

Figure 33·1. Resting 12-lead ECG.

QUESTION 1. Which statement is true?
A. The left ventricle (LV) is smallest at the
intermediate stage exercise, suggesting a
hibernating myocardium at rest
B. The LV cavity dilateS at peak stress in a
uniform pattern, suggesting a nonischemic
cardiomyopathy
C. The LV cavity dilateS in a regional pattern
dwing peak stress, suggesting an ischemic
response to stress
4-chamber views

A
Baseline

Intermediate
2-chamber views

Peek

B
Figure 33·2-A.B.
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B

A
Figure 33·3A.B. Angiogram showing significant left anterior descending (LAD) disease after a
large diagonal branch.

QUESTION 2. See Figure 33-3. The regional abnormality is consistent with:
A. Mid-LAD artery disease
B. Left main disease
C. Large, dominant right coronary artery disease
D. Left circumflex disease (LCx)
E. LAD and LCx
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Answers
ANSWER 1: C It is correct that the LV is smallest

ANSWER 2: A. The images demonstrate distal lateral,

during intermediate stage exercise. This is a normal
response to exercise, and in a patient with normal
LV systolic function to start does not imply a hibernating
myocardium. Our patient has regional variation in myocardial contractility during peak stress (Fig. 33-4), consistent with obstructive coronary artery disease. A
patient with global LV dilatation at stress may have a
nonischemic cardiomyopathy, significant valvular disease, or may have ischemic disease due to left main or
triple vessel disease.

apical and distal anterior, and inferior hypocontractility
at peak stress (appearing as dilatation compared with
intermediate stage exercise) consistent with a mid-LAD
lesion. A dominant right coronary artery typically supplies the basal- to mid-inferior wall and inferior interventricular septum and portion of the posterior wall.
The LCx supplies the basal- to mid-lateral wall and portion of the posterior wall.

A

B

c

D

Figure 33-4A-D.
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Aortic Valve Replacement after Endocarditis

A

52-year-old man has a past history of bioprosthetic aortic wive replacement secondary to aortic
valve endocarditis. He now presents to the hospital with. 2 months of worsening shortness of breath.
and lower extremity edema. A uansesophageal echocardiogram (TEE) was performed (Fig. 34-1 and
Videos 34-1 to 34-4).

QUESTION 1. Based on this TEE image. your diag·
nosiS IS:
A. Ventricular septal defect
B. Ruptured sinus ofValsalva
C. Gerbode defect
D. Ruptured sinus ofValsalva and Gerbode
defect
E. Patent ductus arteriosus

Figure 34-1.

Answers
ANSWER 1: c. The 20 echo Doppler features include
a systolic, high-velocity, unidirectional flow through the
lesion located between the aortic annulus and the right
atrium. This is consistent with a Gerbode defect and not
with a rupture of sinus of Valsalva aneurysm where the
flow would be both systolic and diastolic.1
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Weight Loss, Fatigue, Increasing Dyspnea, and Leg Edema
54-year-old man has suffered from weight loss and fatigue for 3 to 6 months and increasing dyspnea
for 6weeks.
Leg edema occulTed over the last 4 weeks, and the patient was referred for an echocard.iographic
workup.
The transthoracic echocardiogram images in Videos 35-1 to 35-3 and Figures 35-1 to 35-3 were acquired.

A

Figure 35·3. Transthoracic parasternal
short-axis view.

Figure 35-1. Transthoracic apical4-chamber view.

Figure 35·2. Transthoracic parasternal

QUESTION 1. Which is the most likely diagnosis
according to these ech.ocardiogram findings and the
medical history?
A. Hypertrophic cardiomyopathy
B. Hypertension
C. Cardiac amyloidosis
D. Left ventricular noncompaction
QUESTION 2. Which diagnostic test would you
suggest to confirm the diagnosis?
A. Left heart catheterization
B. Pericardiocentesis
C. Myocardial biopsy
D. Magnetic resonance imaging

long-axis view.
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Answers
ANSWER 1: C These echocardiographic images show
the typical appearance of cardiac amyloidosis in an
advanced stage of the disease.
The typical features-a concentric left and right ventricular thickening, a normal left ventricular cavity size,
dilated right and left atria, and a tiny pericardia! effusion-am be observed in this patient.1 The left ventricular systolic function is usually preserved up to a late
stage of the disease. Diastolic dysfunction normally
occurs early in cardiac amyloidosis and can be assessed
by using standard and Doppler echocardiography.
A myocardial texture appearance with "granular
sparkling" allows for the diagnosis of a cardiac amyloidosis with a sensitivity of 87% and specificity of 81%.2

Figure 35-4. Hematoxylin-eosin staining (5x}.
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c. Amyloidosis remains a tissue diagnosis;
therefore, a tissue biopsy, either of an affected organ or
a surrogate site (e.g., abdominal fat), is mandatory to
demonstrate the disease.
Amyloid deposition is verified by classic Congo red
staining or electron microscopy.
Figures 35-4 and 35-5 demonstrate the amyloid
deposition by Congo red staining in an endomyocardial
biopsy.
A myocardial biopsy was performed.
Once amyloidosis is diagnosed by biopsy, further
clarification includes classification by the identification
of the precursor protein and the assessment of disease
extension (organ involvement).

ANSWER 2:

Figure 35·5. Congo red staining (Sx).

Diabetes, Hypertension, and Hypercholesterolemia

A

54-year-old man has diabetes. hypertension. and hypercholesterolemia. He complains of dyspnea
on exertion and has limited his activities.
A stress test showed no evidence of inducible ischemia. He has a complete 20. color. and Doppler
transthoracic echocardiogram (Figs. 36·1 to 36.4 and Videos 36·1 to 36·6).

Figure 36-1.

Figure 36·3.

Figure 36-4.

Figure 36-2.

QUESTION 1. The patient's dyspnea may be due to:
A. Severe aortic valve stenosis
B. Signllicant mitral regurgitation
C. Dilated cardiomyopathy
D. A subaortic membrane
E. Aortic regurgitation
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Answer
ANSWER 1: D. The patient has a subaortic membrane.
The images illustrate the importance of thorough
interrogation of the area of the left ventricular outflow
tract (LVOT) and implementing use of color Doppler.
Figure 36-1 does not visualize any aortic valve disease or
a membrane. Figure 36-2 demonstrates color aliasing in
the LVOT, suggesting high-velocity flow. No mitral
regurgitation is seen. On zoom images with the transducer slightly angulated (Figs. 36-3 and 36-4), the
membrane is visualized. Additional Doppler images
shown in Figures 36-5 and 36-6 confirmed a fixed
(nondynamic) gradient consistent with moderate
obstruction at rest. There was only minimal aortic regurgitation. A stress echocardiogram may demonstrate
increased gradient correlating with the patient's symptoms during stress.

Figure 36·5. LVOT gradient proximal to the
membrane-14 mmHg.

Figure 36-6. Left ventricular to aortic gradient
across the membrane- 30 mmHg.

Suggested Reading
Te.is A, Sheppard MN, Alpendurada F. Subaonic mcmbr.uJ.C:: torrelation of imaging with pathology. Eur Htart]. 2010;31:2822.

Mitral Valve Repair for Mitral Regurgitation
55-year-old man underwent mitral valve repair 3 months ago for symptomatic severe mitral regutgitation. He felt well until last week when he developed a recurrence of dyspnea on exertion.
On physical exam) his blood pressure is 120/60 mm Hg, pulse is 70 beats per minute and regular,
neck veins are flat) and carotid pulses are normal. Lungs are dear to auscultation bilaterally. Cardiac exam
reveals a well-healed midline scar, a normal Sl and S2, and no S3 gallop. There is a 2/6 holosystolic murmur at the apex that radiates to the axilla. Extremities are warm with no peripheral edema.
Echocardiography is performed to evaluate left ventricular (LV) systolic function (Figs. 37-1 to 37-4
and Videos 37-1 to 37-3).

A

Figure 37-3.
Figure 37-1.

Figure 37-4.

QUESTION 1. The main abnormality on the transFigure 37-2.

thoracic echocardiogram is in the region of the:
A. Aortic sinuses
B. LV outflow tract
C. Anterior mitral annulus
D. Posterior mitral annulus
E. Posterior mitral leaflet
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QUESTION 2. Your recommendation would be:
A. Conservative management with repeat
transthoracic ech.ocardiogram in 1 month
B. Transesophageal echocardiography
C. Myocardial contrast ech.ocardiography
D. Cardiac catheterization with assessment of LV
pressures and ventriculography
E. Cardiac resynchron.ization therapy

Figure 37·6.

QUESTION 3. The diagnosis is:
A. Dehiscence of the posterior aspect of the
mitral annuloplasty ring
B. Normally functioning annuloplasty ring
C. Mitral annular abscess
D. Flail of the posterior leaflet
E. Flail of the anterior leafier
Figure 37-5.

Answers
ANSWER 1: D. The transthoracic echocardiogram
demonstrates an abnormal space between the posterior
aspect of the mitral annuloplasty ring and the posterior
mitral annulus. Color Doppler shows flow behind the
annuloplasty ring during diastole. The other cardiac
structures described appear normal.

ANSWER 2: B. As the patient has had a change in
symptoms, he should undergo transesophageal echocardiography (Figs. 37-5 and 37-6 and Videos 37-4 to
37-9) to better evaluate the degree of mitral regurgitation and function of the mitral annuloplasty ring. Blood
cultures should be obtained as well, as prosthetic valve
endocarditis can present insidiously.

Suggested Reading
Kronzon I, Sugeng L, Perk G, et al. Rtal-dme 3-dimension.all:l'aruesoph.ageal ecb.otardiogr.aphy in the evaluation of postoperative
mitr.al att.11uloplasty ring and prosthetit valve delilitente. ] Am
Coli Cmlio£ 2009;53:1543-1547.

.A.NSWBR 3: A. There has been dehiscence of the posterior aspect of the mitral annuloplasty ring, likely secondary to undersizing of the ring for the mitral annulus.
This is evident on the 20 midesophageallong-axis images and the 3D TEE video. Color Doppler shows that
there is free flow around the annuloplasty ring, which is
hanging freely in the left atrium.

Abrupt Onset Chest Discomfort and Abdominal Pain

A

healthy 56-year-old man was in his usual state of health until he developed the abrupt onset of
midsternal chest discomfort and epigastric abdominal pain. Thinking this to be indigestion, he took
antacids with minimal relief of his symptoms. One day later, he developed acutely worsening shortness
of breath, prompting him to call for emergency assistance.
On arrival to the emergency room, his blood pressure was 71/46 mm Hg, pulse was 115 beats per
minute, and respiratory rate was 30 breaths per minute. 0 2 saturation was 95% on room air. He was in
moderate distress. Neck veins were distended. Lung exam demonstrated bibasilar rales. The precordial
impulse was hyperdynamic, with a f.Unt 2/6 early systolic murmur heard best in the left lower sternal
border. Extremities were cool with no edema. Peripheral pulses were thread (Figs. 38-1 to 38-6 and
Videos 38-1 to 38-4).
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Figure 38-1. Twelve-lead electrocardiogram.
Figure 38·3. TTE, A4C: Systole.

Figure 38·2. Transthoracic echocardiogram (TTE),
apical four chamber (A4C}: Diastole.

Figure 38-4. TTE, A4C zoomed: Diastole.
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Figure 38-5. TIE, A4C zoomed: Systole.

Figure 38-7. TIE continuous wave Doppler across

mitral valve.
QUESTION 1. The most likely mechanism of mitral
regurgitation in this patient is:
A. Infective endocarditis
B. Ruptured chordae tendineae with flail
posterior leaflet
C. Ruptured anterolateral papillary muscle
D. Ruptured posteromedial papillary muscle
E. Malcoaptation of the posterior leaflet

Figure 38-6. TIE, A4C color.

QUESTION 2. The best explanation for the incomplete mitral regurgitation spectral Doppler profile in
this patient is (Fig. 38-7):
A. Eccentric mitral regurgitation that moves away
from the transducer
B. Rapid rise of left atrial pressures, producing a
cessation of flow in late systole
C. Systolic anterior motion of the anterior mitral
leaflet
D. Doppler a.rtifact from rapid patient respiration
E. Doppler arti.f.lct from rapid heart rate
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Answers
ANSWER 1: C This patient has suffered acute rupture
of the anterolateral papillary muscle with resultant acute
severe mitral regurgitation. The most likely mechanism
of rupture is posterior wall myocardial infarction with
ischemic necrosis of the papillary muscle head. The apical four-chamber view shows the typical "meat on a
stick" appearance of the necrosed papillary muscle
head still attached to the mitral leaflet. Posteromedial
papillary muscle rupture is more common than anterolateral papillary muscle rupture. The apical two-chamber
view is the best to demonstrate which papillary muscle
head is affected. The posteromedial papillary muscle is
typically shown on the left (inferior wall) side, whereas
the anterolateral papillary muscle is typically shown on
the right (anterior wall) side. Although the findings are
seen on transthoracic echocardiography in this case,
transesophageal echocardiography is the best test to
delineate the precise mechanism of leaflet dysfunction
in a patient with acute severe mitral regurgitation.

Suggested Reading
Czarnecki A, Thakrar A, Fang T, et al. Acute severe mitral regurgita.~
tion: c:onsid.eration of papillary muscle arcllitettwe. ~c
UlnrlsounJ. 2008;6:5.

ANSWER 2t B. The spectral Doppler profile demonstrates the "V wave cutoff sign," which is typical in
acute severe mitral regurgitation. This is secondary to a
midsystolic cessation of flow due to the rapid rise in left
atrial pressures that occur in a patient with high regurgitant volumes and a small, noncompliant left atrium.
This is also the reason that the murmur of acute severe
mitral regurgitation may be faint or entirely absent.

Paravalvular Leak

A

57-year-old man had mechanical mitral valve replacement 3 years ago due to severe mitral
regurgitation after endocarditis. Six months later, a significant paravalvular leak was verified, and
a second operation was performed (St. Jude Medical mechanical valve). In the following months, he
developed increasing dyspnea and leg edema. The uansesophageal echocardiogram (TEE) study is shown
in Videos 39~1 to 39~4 and Figures 39~1 to 39-7.

Figure 39-1. 20 TEE 18° in diastole.
Figure 39-J. 20 TEE 50° without color Doppler.

Figure 39-:Z. 20 TEE 18° in systole.
Figura 39-4.. 20 TEE 50° with color Doppler.
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Figure 39-5. 2D TEE 114° with color Doppler.

Figure 39-8. 2D TEE 114° in diastole.

Figure 39-6. 3D full-volume aquisition with color.

Figure 39-9. 2D TEE 114° in systole.

QUESTION 1. Which. is the correct diagnosis?
A. Paravalvular leak in anterolatetallocation
B. Paravalvular leak in anteromediallocation
C. Paravalvular leak in posteromedial location
D. Paravalvular leak in posterolateral location
Figure 39-7.

QUESTION 2. The patient underwent closure of
the defect using an Amplatzer vascular plug. Two
months later) the patient again complained ofincreas·
ing dyspnea. The 2D TEE images (Videos 39-5 and
39·6 and Figs. 39·8 and 39·9) document the situa·
cion. Which. is your diagnosis? (Sdect all that apply.)
A. Valve obstruction
B. Ongoing rupture of the mitral prosthetic ring
C. Infective endocardltis
D. Residual paravalvular leak
E. Device embolization
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Answers
ANSWER 1: C. One potential complication after cardiac valve replacement is the development of a paravalvular leak, representing one of the most frequent causes
for redo surgery.,
Major paravalvular leaks following surgical valve
replacement are reported to occur in 1% to 5% of patients who have undergone surgical valve replacement?
In this case, the defect is located posteromedially and
includes approximately one-third of the circumference
of the prosthetic ring.
The full-volume acquisition with color Doppler documents a broad color jet.
If a paravalvular leak is associated with symptoms
due to significant regurgitation volumes or hemolysis,
surgical repair is generally the preferred treatment option. However, the perioperative mortality increases with
each redo procedure. After the first reoperation, a mortality rate of 13% has to be expected, increasing up to
15% after a second and 37% after a third procedure.3
In addition, freedom from paravalvular leak recurrence is less likely with each reoperation. Paravalvular
leaks reoccur after mitral valve replacement (first redo)
in 8%, in 20% after a second redo, and in 42% of patients after a third redo procedure.4
Due to the dimensions of the paravalvular leak in this
case, surgery was considered the best treatment option,
but the patient refused surgery.
Thus, a catheter-based approach to close the paravalvular leak was performed. To date, there is no standardized approach and no published best practice for
this procedure. Consequently, the technical approach
and results vary for each patient and even for individual
lesions in the same patient.
The strategy in this case was to primarily place one
occluder (Amplatzer vascular plug [AVP] Ill 1415 mm,
AGA Medical Corporation, Plymouth, Minnesota) and
treat a residual leakage-if necessary-in a second
procedure
The result after placement of an AVP Ill occluder is
shown in Video 39-7 and Figure 39-10.

ANSWER 2: B, D. An extensive movement of the valve
during the cardiac cycle can be observed ("rocking
valve") in the posterior part of the ring, indicating an
enlargement of the paravalvular leak.
No device can be identified posteriorly in the defect.
The 3D TEE zoom image in Figure 39-11 shows that
nearly half of the circumference is ruptured, which indicates an ongoing process.
The device embolized in the distal aorta and could be
snared and retrieved uneventfully.
Due to the recurrence of the paravalvar leak, the
patient was sent to surgery.

Figure 39-10. Result after placement of an AVP Ill
occluder (1415 mm).

Figure 39-11. No closure device is visible.
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Hypertension and Transient Ischemic Attack

A

57-year-old woman from El Salvador has a history of hypertension and transient ischemic attacks.
She has an abnormal dectrocardiogram shown in Figure 40-1.
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Figure 40-1.

QUFSI10N 1. The echocardiogram in Videos 40-1
to 40-4 shows:
A. A dilated left ventricle (LV) with basal
aneurysm
B. An LV apical thrombus
C. An LV apical aneurysm

QUESTION 2. The cause of the cardiomyopathy is:
A. Ischemic; anterior infarction with
development of LV apical aneurysm
B. Chagas disease
C. Noncompaction cardiomyopathy
D. Hypertensive heart disease

Answers
.ANSWER 1: C The echocardiogram demonstrates a
dilated LV with segmental wall motions and an apical
aneurysm.

Suggested Readings
kquatella H. &.hoc:ardiograpby in Cbagas bean ®ease. Ci~.
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State~~: a symmatic review. ]AMA. 2007;298(18):217 1-2181.
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ANSWER 2: B. Chagas disease is caused by the Triatominae bug, Trypanosoma cruzi. The disease is endemic
in much of Mexico and Central and South America, and
more than 300,000 people with I cruzi infection live in
the United States.
There is a prolonged asymptomatic form_ However,
20% to 30% develop chronic, often severe, symptoms.
Heart rhythm abnormalities are common, and the dilated cardiomyopathy with apical aneurysm is typical
for the disease. Moreover, right bundle branch block is
commonly seen in patients with Chagas disease_ In addition, patients may have dilatation of the esophagus
and megacolon_

Stress Echo for Dyspnea on Exertion

A

57-year-old woman is referred for stress echocardiogram for evaluation of dyspnea on exertion
(DOE). The images in Figures 41-1 to 41-5 and Videos 41-1 to 41-2 are the pertinent findings.

Figure 41-1.

Figure 41-4.

Figure 41-Z.

Figure 41-5.

QUFSTION 1. Based on the information shown,
the patient's DOE is most likely due to:
A. Coronary artery disease

B. Diastolic dysfunction with elevated left
ventricular end diastolic (LVED) pressure

C. Lung disease
D. Pulmonary hypertension
E. Lung disease and pulmonary hypertension

Figure 41-3.
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Answers
ANSWER 1: E. The patient has moderate-to-severe
pulmonary hypertension during stress, with estimated
pulmonary artery (PA) systolic pressure of 54 mm Hg
plus central venous pressure. Her PA pressure was normal at rest as depicted in Figures 41-6 to 41-8. During
stress, she has a normal pulmonary venous inflow pattern excluding an elevated LVED pressure as the cause of
her pulmonary hypertension. There is no evidence of
wall motion abnormalities at rest or during stress, making coronary artery disease much less likely.

Figure 41-7. Peak RV systolic pressure.

Figure 41-6. Rest right ventricular (RV)
systolic pressure.

Figure 41-8. Peak pulmonary venous inflow.

Suggested Readings
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Rapid Atrial Fibrillation

A

61-year-old man presents to the emergency room with atrial fibrillation and a rapid ventricular
response.
After anticoagulation and rate control, a transesophageal echocardiogram (TEE) is performed prior to
cardioversion (Figs. 42-1 and 42-2 and Videos 42-1 and 42-2).

QUFSI'ION 1. All of the following would be appropriate ac~t:
A. Continue anticoagulation
B. Perform direct current cardioversion
C. Obtain computed tomography surgery
consultation
D. Order magnetic resonance imaging (MRI)

QUFSI'ION 2. The patient underwent cardiac MRI,
which showed a nonenhancing lesion. All ofthe following
would be appropriate except:
A. Surgical consultation

Figure 42-1.

B. Anticoagulation with clinical follow-up in 2 to
3 months
C. Anticoagulation with follow-up TEE after 4 to
6weeks

Figure 42-2.
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Answers
ANSWER 1: B. All but cardioversion would be appropriate. The left atrial (LA) appendage is clearly visualized
and demonstrates no thrombus (Fig. 42-3). The mass is
quite large and pedunculated and appears attached to
the inferior aspect of the LA wall. This is a very unusual
place for the most common LA tumor, myxoma. Therefore, in a patient with atrial fibrillation, LA thrombus is
still a likely diagnosis.
ANSWER2: B. Although a nonenhancing MRI increases
the likelihood that this lesion is a thrombus, myxomas do
not always demonstrate enhancement, and this diagnosis
cannot be entirely excluded. After 4 to 6 weeks of anticoagulation, it would be expected that a thrombus would
have decreased or changed in size, whereas a myxoma
would not be affected and in fact could increase in size.
The risk of surgery versus the risk of embolization while
waiting should be considered.
The patient was treated with heparin and then warfarin. A repeat TEE was performed 4 weeks after the
first TEE and demonstrated a slight increase in the size
of the mass (Fig. 42-4). This asymptomatic patient underwent surgical removal of the mass, which turned out
to be an LA myxoma (Fig. 42-5).

Figure 42.-3.

Suggested Reading
Tolsuup K. ShiotaT. Gurudevan S, et al. Left atrial myxomas: corn:lation of rwo-dimc.ns.ional and live three-dimc.osional. transesophageal echocardiography with the clinical. and pathologic findings.
f Am Soc .&hocart&gr. 2011;24:618-624.

Figure 42-4. 3D echocardiography (P, proximal
portion attached to left atrial [LA] wall; D, distal
mobile component; arrow, stalk).

Figure 42-5. Pathology specimen (P, proximal
portion attached to lA wall; D, distal mobile
component; arrow, stalk).

Resection of a Mitral Valve Tumor
he patient is a 61-year-old man with a 10-year history of end-stage renal disease secondary to diabetes mellitus who is currendy on hemodialysis. He was referred &om an outside hospital for resection of a tumor associated with the mitral valve, which was discovered incidentally on echocardiography.
He is clinically asymptomatic and denies chest pain or shortness of breath.
Physical exam reveals a chronically ill-appearing 61-year-old man in no distress. Blood pressure is
170/85 mm Hg. pulse is 88 beats per minute, and respiratory rate is 20 breaths per minute. Lungs are
clear to auscultation bilaterally. Chest shows scars on the anterior chest wall &om previous vascular access
sites. Cardiac exam reveals a nondisplaced. point of maximum impulse with normal Sl and S2 and an S4
gallop. There is a faint 2/6 holosyst:olic murmur in the left lower sternal border that does not radiate. See
Videos 43-1 to 43-5.

T

QUESTION 1. The most likdy diagnosis is:
A. Mitral valve endocarditis with mitral annular
abscess
B. Caseous calcification of the mitral valve annulus
C. Left atrial myxoma
D. Mitral valve papillary fibroelasroma
E. Mitral valve prolapse

QUESTION 2. The best management option for
this patient would be:
A. Mitral valve replacement
B. Mitral valve repair
C. Mitral and aortic valve replacement
D. Aortic valve replacement
E. No cardiac surgery is necessary at this time

Answers
ANSWER 1: B. The transthoracic echocardiogram
demonstrates evidence of a large calcific mass along the
posterior aspect of the mitral annulus. There is central
echolucency, consistent with the diagnosis of caseous
calcification of the mitral annulus. There is normal function of the mitral valve with mild mitral regurgitation
and very mild mitral stenosis.

ANSWER 2: E. Caseous calcification of the mitral annulus (CCMA) is a rare variant of mitral annular calcification (MAC), constituting about 0.63% of all MAC cases.
Although CCMA is usually a benign, asymptomatic condition, it is often misconstrued as a cardiac tumor, a
thrombus, or an abscess, which leads to unnecessary
investigations and interventions. In the absence of significant mitral stenosis or mitral regurgitation, surgical
intervention is not indicated in patients with caseous
calcification of the mitral annulus. The internal material
is caseous and putty-like material and is surrounded by
a calcified envelope. Microscopic examination shows
this material to be amorphous, acellular, basophilic, and
calcific, with a mild chronic inflammatory reaction
manifested mainly by macrophages.

Suggested Reading
Arora H, Madan P, Simpson L. et al. Caseous cal.ciiication of the
mitral an.nulw. Ttx Hmrt Inst]. 2008;35(2):211-213.
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Coronary Artery Bypass Graft and Aortic Valve Replacement

A

61-year-old man with a history of coronary artery bypass grafting and aortic valve replacement
presents with worsening fatigue and dyspnea on c:xc:rtion for the past 3 months. About 1 month ago.
he noted a twinge of chest pain and, following this, his symptoms became much worse. He denies fever,
chills, or rigors. On presentation to the emergency room, he is found to be in florid hypoxic respiratory
failure and is intubated.
On physical exam, blood pressure is 161/45 mm Hg, pulse is 110 beau per minute and regular, neck
veins are distended, and carotid pulses are brisk. Lungs are dear to auscultation bilaterally. Cardiac: exam
reveals a well-healed midline scar, a normal S1 and S2 with no S3 or S4 gallops. There is a 3/6 continuous
murmur in the left upper sternal border that is nonradiating. Extremities are cool with no peripheral edema.
The patient undergoes a transesophageal echocardiogram (TEE) shown in Videos 44-1 to 44-4.

QUESTION 1. The transesophageal echocardiogram
shows a rupture of the:
A. Posterior mitral leaflet
B. Right coronary cwp
C. Posteromedial papillary mwcle
D. Anterolateral papillary muscle
E. Mitral intervalvular fibrosa

QUESTION 2. The continuous murmur likely results

&om How between the:
A. Aorta and right atrium (RA)
B.
C.
D.
E.

Aorta and left atrium (LA)
Left ventricle (LV) and RA
LV and right ventricle
None of the options

Answers
ANSWER 1: E. The TEE demonstrates a perforation
through the mitral intravalvular fibrosa and the aortic
sinus consistent with an aortic root abscess. This is seen
on the 2D and 3D TEE color Doppler.

Suggested Reading
Leung DY, Cranney GB, Hopkins AP, et aL Role of transoesophageal
echoc:ardiography in the diagn01is and management of aonic
root abscess. Br Hellrtj. 1994;72:175-181.
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ANSWER2: B. As the pressure in the aorta is higher in
the LA throughout systole and diastole, there is continuous flow from the aorta to the LA, which results in a
continuous murmur.

Worsening Abdominal Bloating

A

61-year~ld

retired physician presents with a 6-month history of worsening midepiga.stric bloating
sensation associated with fatigue, diarrhea, and lower extremity edema. He has occasional episodes
of heat intolerance and has had a 15-lb weight loss.
Physical examination reveals a thin, fatigued. chronically ill-appearing 61-year~ld man in no acute distress.
Blood pressure is 110/60 mm Hg, pulse is 90 beats per minute, and respiratory rate is 18 breaths per minute.
Neck veins are elevated to the level of the jaw. Lungs are dear to auscultation. There is a right parasternal lift
and a palpable right ventricular heave. There is a normal S1 and S2 with a 3/6 holosystolic murmur heard best
in the left lower sternal border. Abdomen is distended with evidence of 3 mm of shifting dullness and a palpable fluid wave. There is 3+ pitting edema extending to the midthigh (Fig. 45-1 and Videos 45-1 to 45-7).
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Figure 45-1.

QUESTION l. The primary valvular lesions are:
A. Mitral and aortic regurgitation
B. Mitral regurgitation only
C. Tricuspid regurgitation only
0. Tricuspid and pulmonary regurgitation
E. Aortic, mitral, and tricuspid regurgitation
QUESTION 2. The most likely cause ofthis patient's
valvular heart disease is:
A. Hyperthyroidism
B. Rheumatic heart disease
C. Carcinoid heart disease
D. Infective endocarditis
E. Radiation valvulitis

Answers
ANSWER lt D. The transthoracic echocardiogram images demonstrate retraction and fibrosis of the tricuspid
and pulmonary valves. There is evidence of severe tricuspid regurgitation and severe pulmonary regurgitation.
The left-sided valves are normal in appearance and
demonstrate normal function.

ANSWER 2: c The appearance of the tricuspid and
pulmonary valves are classic for carcinoid heart disease.
Carcinoid tumor is a neuroendocrine tumor that occurs
in the gastrointestinal tract and lungs. It has a propensity
to metastasize to the liver and when it does so, it
releases large amounts of serotonin (5-hydroxyindoleacetic acid), causing fibrosis of the valves on the right
side of the heart. The serotonin is metabolized in the
lungs. so left-sided valvular heart disease is usually not
seen unless there is an associated patent foramen ovale.

Suggested Reading
N:alawadi SS, Siegel RJ, Wolin E, et al. Morphologic features of cat·
cinoid heart disease a ases&ed by three-dimemional traJlS(!$0phageal ec.hotardiography. &hot:tJrrlitJgmpby. 201 0;27(9): 1098-1105.
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Pulmonary Edema and End-Stage Renal Disease

A

61-year-old woman with New York Heart Association classification class III heart failure has a history of pulmonary edema and end-stage renal disease.
She was found to have aortic valve stenosis and underwent aortic valve replacement. Postoperatively.
she had fevers and pulmonary congestion.
Pltase see the transthoracic echocardiogram ('ITE) images in Figures 46-1 to 46-5 and Videos 46-1 to 46-3.

Figure 46-1.
Figure 46-3.

Figure 46-2.
Figure 46-4.
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Figure 46·5.

Figure 46-8.

Figure 46-9.
Figure 46·6.

Figure 46·7.

QUESTION 1. The postoperative TfE to evaluate left
ventricular (LV) function demonstrates findings consis-tent with which of the following (select all that apply)?
A. A bioprosthetic aortic valve
B. A mechanical prosthetic aortic valve
C. An aortic valve vegetation
D. Prosthetic aortic valve stenosis
QUESTION 2. The postoperative transesophageal
echocardiogram (TEE) done to exclude a vegetation
and further evaluate the cause of the elevated aortic
valve gradient (Figs. 46-6 to 46-11 and Videos 46-4
to 46-6) demonstrates which of the following (select
all that apply)?
A. A bioprosthetic aortic valve. which opens
normally
B. A stenotic bioprosthetic aortic valve
C. An aortic valve vegetation
D. Pseudoaortic stenosis
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QUESTION 3. The postoperative TEE was useful in
showing that the aortic valve gradient is due to which
of the following (select all that apply)?
A. Pseudoaortic stenosis
B. Abnormal pressure recovery
C. A small aortic root
D. A supravalvar membrane

Figure 46-10.

Figure 46-11.
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Answers
ANSWER 1: .A, D. The TIE demonstrates findings consistent with both a bioprosthetic aortic valve and prosthetic aortic valve stenosis.
ANSWER 2: .A, D. The postoperative TEE demonstrates
both a bioprosthetic aortic valve, which opens normally;.
and pseudoaortic stenosis.
ANSWER 3: A. B, c. The postoperative TEE was useful
in showing that the aortic valve gradient is due to pseudoaortic stenosis, abnormal pressure recovery, and a
small aortic root.

SUBSEQUENT FINDINGS
Pressure recovery
• Clinically relevant if aortic root diameter< 3 em
• Convergence of flow through a stenotic AV valve to
the vena contracta ~C) convert potential energy to
kinetic energy~ drop in the pressure at the VC.
• As flow diverges and slows again distal to the VC
there is reconversion of kinetic energy to potential energy with recovery of a proportion of the pressure lost
from the LVOT to the VC.
• As Doppler detect peak velocity at the VC, the transvalvular pressure drop by Doppler is> calculated from
catheterization measurements in the LVOT and aortic
root distal to the VC ~pressure recovery Doppler underestimates aortic valve area and thus overestimates
AS severity compared to catheter based methods.

Pressure recovery can be calculated:
4v2 X 2AVA/Aa X [1 - (AVA/Aa)]
V = maximum Doppler transvalvular velocity
AVA = by the continuity equation
Aa =is the ascending aortic area
Pressure recovery adjusted AVAl [cm 2/m 2]
AVA X Aai(Aa - AVA)Im 2)
Severe aortic stenosis (AS) defined as AVAl :s 0.6 cm2/m2•
If we use these data, we can calculate the true aortic
valve area in our patient with a very small aortic root:
BSA:
1.56 m2
Ao diameter:
-2 em= 3.14 cm 2
AVA:
0.69 cm 2
2
- [(1.9 X 0.785) X 19.8] /81
AVAl:
0.44cm2/m2
Pressure recovery:
-27 mm Hg
Corrected AVAI:
-1.4cm2/m2
Thus, as shown below (Table 46-1 ), our patient has a
normal bioprosthetic aortic valve area when pressure recovery is considered.
AV mean G
AVA:

46.0 mm Hg
0.69 cm 2

~

~

19 mm Hg
1.28 cm2

TABLE 46-1.
valve

Size

Mitroflow
Stented bovine pericardia/

19

Peak gradient

Mean gradient

Effective orifice area

(mm Hg)

(mm Hg)

(cmZ)

18.6 ± 5.3

13.1 ± 3.33

1.1 ± 0.2

Suggested Reading
Nicderberger J, Schima H, Maurer G, et al. Importmce of presB~.~n:
recovery fOr the assessment of aortic stenosis by Doppler ultrasoWld.. Role of aortic size. aortic wive area. and direction of the
stenotic jet in vitro. CimdatitJn. 1996;94:1934-1940.

Mitral Valve Replacement and Hypotension

T

he patient is a 62-year-old man who underwent mitral valve replacement. Six hours after retUrning to the intensive care unit, he develops hypotension with a systolic blood pressure (BP) of
70 mm Hg and a heart rate of 120 beats per minute. Normal saline is given (500 mL), the systolic BP on
norepinephrine is 75 mm Hg, and the central venous pressure is 20 mm Hg.

Figura 47-3.

Figure 47·1.

QUESTION 1. This transthoracic echocardiogram
(Fig. 47-1 and Video 47-1) shows (sdect all that
apply):
A. Bioprosthetic mitral valve
B. An underfilled right ventricle (RV)
C. A clot within the right atrium
D. A clot compressing the right atrium

QUFSTION 2. You recommend:
A. Giving more intravenous Buids
B. Taking the patient back to the operating room
(OR) to remove the clot

QUESTION 3. The cardiac surgeon wants a transFigure 47-2.
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esophageal echocardiogram (TEE) to better evaluate
the patient before going back to the OR. The TEE
(Figs. 47-2 and 47-3 and Videos 47-2 and 47-3)
shows (sdect all that apply):
A. A tumor within the left atrium
B. A clot within the right atrium
C. A clot compressing the right atrium
D. None of the options
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Answers
ANSWER I: .A, B, D. The transthoracic echocardiogram shows bioprosthetic mitral valve, an underfilled
RV. and a clot compressing the right atrium.
A.NSWER2: B. Recommend taking the patient back to
the OR to remove the clot.
ANSWER 3: B, C Conventional transthoracic 20
echocardiography is frequently suboptimal immediately
after open heart surgery (due to limited windows) to
identify pericardia! effusion, localized RV or right atrial
compression, and blood or an organized clot. TEE is often critical in making the diagnosis of postcardiac surgery tamponade because TTE is technically limited, and
the site of tamponade can be localized so that it can
only be detected by TEE.
Figure 47-4 shows the clot that was found compressing the right atrium at the time of re-operation.

Suggested Readings
Chuttani K. Tuchler MD, Pandian NG, et aL Diagnosis of cardiac tamponade after cudiac surgery: relative value of clini·
c.al, echocardiographic, and hemodynamic signs. Am Hu.rt f.
1994;127:91~918.

Figure 47-4.

Kochar GS, Jacobs LE, Kotler MN. Right atrial compression in postope.rative cardiac patie.ou: detection by transesop~ echocardiography.jAm CoD CtuditJL 1990~16:511-516.

Degenerative Mitral Regurgitation

A

63-year-old woman with dyspnea on exertion is diagnosed with degenerative mitral regurgitation due

to a myxomatow mitral valve. She is .referred fur mitral valve surgery, and her intraoperative transesophageal echocardiogram (TEE) images are shown in Videos 48-1 to 48-6 and Figures 48-1 to 48-6.

Figure 48-1.

Figure 48-3.

Figure 48-4.
Figure 48-2.
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QUESTION 1. Which scallop(s) of the mitral valve
are prolapsed and/or flail?
A. Pl andP2
B. P2andP3
C. P2 only
D. Cannot be determined on the basis of the
images provided-additional imaging is
recommended
E. Al andP3

Figure 48-5.

Figure 48-6.

Figure 48·7.

QUESTION 2. With the additional information
afforded by a 3D TEE (Fig. 48-7 and Video 48-7),
which scallop(s) of the mitral valve are prolapsed and/
or flail?
A. Pl andP2
B. P2andP3
C. P2only
D. A2only
E. Al andP3
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Answers
ANSWER I: D. TEE Videos 48-1 and 48-2 suggest flail
of the P1 and possibly P2 scallops of the posterior mitral
leaflets. TEE Video 48-4 does not show a flail of the P2
or P3 scallops of the posterior mitral leaflet. Video 48-5,
the intercommissural view, shows prolapse and flail of
P2 and P3. The data from 2D TEE are thus contradictory.
Additional imaging with a 3D TEE is performed (Fig. 48-7
and Video 48-7).

Suggested Reading
Chandra S, Salgo IS, Sugeng L, et al. Characterization ofdcgenerativt!
mitral wive disease wing morphologic analyiis of.real-rime thJ:CC<dimensional cchocardiographic images: objective insight into
comploity and planning of mitral valve repair. Cirr: CarJiovasc
Imaging. 2011:4:24-32.

.ANSWER 2: B. 3D TEE and direct visualization of the
valve during cardiac surgery (Video 48-8) show that the
P2 (middle) and P3 (medial) scallops are prolapsed and
flail. The patient underwent successful mitral valve
repair with placement of an annuloplasty ring preoperatively or intraoperatively. 3D TEE is very helpful prior to
mitral valve repair as it enables the echocardiographer
to visualize the specific mechanism of mitral regurgitation and helps the surgeon to identify the culprit
scallop(s).

Bioprosthetic Mitral Valve Replacement
65-year-old man had a bioprosthetic mitral valve (MV) replacement 6 years ago. He now presents
with worsening congestive heart failure (CHF). A transesophageal echocardiogram is done to evaluate the cause of the CHF and the bioprosthetic MV function and morphology (Videos 49-1 and 49-2).

A

QUESTION 1. The cause of the CHF is:
A. Severe mitral regurgitation (MR)
B. Impaired left ventricular function
C. Degeneration of the bioprosthetic MY
D. Paraprosthetic MR
QUESTION 2. See Videos 49-1 to 49-3. Is this leak
amenable to catheter closure?
A. Yes
B. No

QUESTION 3. See Videos 49-4 and 49-5. The catheter is across:
A. The bioprosthetic MY orifice
B. The paravalvular leak
QUESTION 4. See Videos 49-6 to 49-8. The guide
catheter is across:
A. The paravalvular leak
B. The valve orifice

Answers
ANSWER 1: D. In addition, the patient has hemolysis,
which is common in patients with paraprosthetic MR.
ANSWER 2: A. This defect should be amenable to percutaneous closure because the defect does not exceed
33% of the circumference of the prosthetic valve.
ANSWER 3: A. With 3D imaging, it is clear that the
catheter is across the valve.
ANSWER 4t A. With 3D imaging, it is clear that the
catheter is across the paravalvular leak.

Figure 49-1.

SUBSEQUENT FINDINGS
See in Videos 49-9 and 49-1 0 the Amplatzer device
closing the perivalvular leak. There is a good result postdeployment (Videos 49-11 to 49-13 and Fig. 49-1 ).

Suggested Reading
Ruiz CE. Clinical outcomes in patienu undergoing percutaneous closure of periprostb..etk paravalvular leaks. Am ] OlrdilJl
2011;58:2210-2217.
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Cirrhosis of the Liver and Myocardial Infarction

A

65-year-old man from Uruguay has a history of cirrhosis of the liver and a prior myocardial
infarction. The c:chocardiogram (Videos 50-1 to 50-5) is done as part of a pre-liver transplant
screening evaluation.

QUESTION I. The c:chocardiogram findings are
consistent with:
A. Chagas disease
B. Inferolateral wall pseudoaneurysm
C. A true inferolateral wall aneurysm
D. Pseudodyskinesis of the inferolateral wall
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QUESTION 2. You recommend:
A. Urgent surgery
B. Medical management
C. Another test
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Answers
ANSWER 1: C True aneurysms generally have a wide
mouth, whereas pseudoaneurysms generally have a
narrow neck:, as shown in Figure 50-1 .

Mural
thrombus
Thinned-out

myocardial 8C8t

True.,..,,...

Peeudoaneuryam

1. Narrow base
2. Walls compoeed of thrombus
and pericardium

1.Widebaae
2. Walls compoeed of myocardium
3. Low risk of rupture

3. High risk of rupture

Figure 50..1.
ANSWER 2: B. Medical management is the appropriate choice. Another test is okay if you are not sure. If
you are uncertain about the diagnosis, additional testing could include a contrast echocardiogram, computed
tomography, or magnetic resonance imaging scan with
contrast.
If you are concerned about Chagas disease, a blood
test for detecting Trypanosoma cruzi, the anti-T. cruzi
assay, could be ordered.
This patient died secondary to his liver disease. As
seen in Figure 50-2, at autopsy, the pathologic findings
confirmed an inferolateral left ventricular aneurysm.
The neck of the aneurysm is wide, and the myocardium, although thin, extends around the perimeter of the
aneurysm.

Figure 50-2.
Suggested Reading
Cc.ntc.rs for Disease Control and Pn:vention. Par.lSites-Amerian trypanosomiasis (also known as Ch.agas disease). http://www.cdc.gov/
parasites/c:h.agaslb.calth__proftssionals/dx.html.

Obesity and Dyspnea on Exertion

A

65-year-old obese woman gets admitted to the hospital with complaints of shortness of breath and
dyspnea on exertion.

QUFSTION 1. Figures 51-1 and 51-2 and Videos 51-1
and 51-2 show:
A. An enlarged left ventricle and a right-to-left
shunt
B. An enlarged right ventricle and a left-to-right
shunt
C. An enlarged right atrium and right ventricle
and a right-to-left shunt

Figure 51-1. Transthoracic four-chamber view.

Figure 51-2. Saline contrast study.
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QUFSriON 2. The next best step would be:
A. A right and left heart catheterization
B. A transesophageal echocardiogram (TEE)
C. Placement of transcatheter atrial septal
occluder device
D. A right heart catheterization with
measurement of saturations
E. Start medical treatment of pulmonary
hypertension
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Figure 51·3.

Figure 51-6.

QUESTION 3. Figures 51-3 to 51-6 and Videos 51-3
to 51-5 demonstrate:
A. A secundum atrial septal defect (ASD)
B. A patent foramen ovale
C. A superior sinus venous defect
0. An inferior sinus venous defect

Figure 51-4.

Figure 51·5.
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Answers
ANSWER 1: C The transthoracic images are of fair
quality due to the patient's body habits. The first image
shows a markedly enlarged right heart with right ventricular hypertrophy and the interatrial septum bulging
to the right, consistent with both the patient's pulmonary hypertension and elevated right atrial pressure. The
second image shows opacification of the left ventricle
with saline contrast, confirming a large right-to-left
shunt. The opacification was almost immediate, but the
exact site of the shunt was not visualized on this study.
ANSWER 2: B. A TEE to identify the anatomy and site of
the shunt would be a very reasonable first step. If a secundum atrial defect, which is the most common ASD, is detected then the TEE would help assess if the patient would
be a candidate for a septal occluder device. There is no
indication for a left heart catheterization. A right heart
catheterization with saturations may still be indicated to
evaluate the physiology of the shunt and evaluate pulmonary vascular resistance but would not clarify if the patient
would be a candidate for percutaneous closure of an ASD.
Correction of the intracardiac defect may be indicated
rather than medical treatment of the pulmonary hypertension.
ANSWER 3: c The images demonstrate a communication between the rupv and the svc, consistent with a
superior sinus venous defect (Figs. 51-7 to 51-1 0). As
sinus venous defects are not amenable to percutaneous
device closure, the patient was referred for surgery. (*,
intact interatrial septum; rupv, right upper pulmonary
vein; svc, superior vena cava.)

Figure 51-8.

Figure 51-9.

Figure 51·10.
Figure 51·7.

Suggested Reading
Ahn J, Park SH, Kim D, et al.

Role of echoc:udiography ia siaus
venous atrial septal defect combined with systemic and pulmonary vascular ®ease. f OurlUJumc UlmuounJ. 2012;20:4~51.

Upper Respiratory Complaints

A

65-year-old woman presents to her primary care physician with upper respiratory complaints.
She later develops progressively worsening dyspnea on exertion and cough.
She is treated with antibiotics with limited resolution of her symptoms.
Transthoracic echocardiography (TIE) is performed. Figures 52-1 and 52-2 and Videos 52-1 and
52-2 show the parasternal long axis and apical four-chamber views, and no abnormalities were seen.
Two months later, the patient is hospitalized after presenting to her ophthalmologist, complaining of
loss of vision in her right eye. Retinal examination reveals evidence of an embolus to the right eye.
Brain magnetic resonance imaging reveals evidence of cerebral infarction localized to the caudate
nucleus and both cerebellar hemispheres.
TIE is repeated; Figure 52-3 and Video 52-3 show apical four-chamber view.
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Figure 52-1.

Figure 52-3.

QUESTION I. Which diagnostic test or procedure
should be initially performed to confirm the diagnosis?
A. Left ventricular endomyocardial biopsy
B. Left heart catheterization and coronary
angiography
C. Myocardial perfusion single-photon emission
computed tomography
D. Complete blood count with differential
E. Myocardial contrast echocardiography
Figure 52-2.
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Answers
ANSWER 1: D. This patient has Loeffler disease, one
of a group of hypereosinophilic syndromes with mutations in genes encoding for tyrosine kinase receptor,
platelet-derived growth factor receptors. Heart damage
evolves through three stages: (1) an acute necrotic
stage, (2) an intermediate stage characterized by thrombus formation along the damaged endocardium, and
(3) a fibrotic stage. Diagnosis should be confirmed initially with complete blood count with differential, which
demonstrates significant eosinophilia.
The echocardiogram in Loeffler disease demonstrates
filling of the left ventricular apex with thrombotic material with preserved contraction of the apical myocardial
segments. This is in contrast to apical mural thrombus,
which typically has associated apical akinesis.
Video 52-4 demonstrates an apical four-chamber view
with microbubble contrast which better illustrates the
region of thrombotic material in the left ventricular apex.
Endomyocardial biopsy confirms diagnosis of Loeffler
endomyocardial fibrosis (Fig. 52-4).

Suggested Reading
Chang SA, Kim HK, Park EA. et al. Images in cardiov.asc:ular
medicine. LoeiJler endocarditis mimicking apical hype.rttophic
cardiomyopathy. CimJmon. 2009;120:82--85.

Figure 52-4.

Congestive Heart Failure with a Biventricular Pacemaker

A

65-year-old woman with congestive heart failure and a biventricular pacemaker had two hospitalizations for heart failure in the past 6 months. She has a midpea.king systolic murmur heard best at the
base. She has severe emphysema and is very frail.
She is referred for evaluation of aortic stenosis and in consideration for percutaneous aortic valve
replacement (Figs. 53-1 and 53-2 and Video 53-1).
After echocardiogram contrast, the peak velocity increased from 296 em per second to 331 em per
second, whereas the mean gradient increased from 23 to 24 mm Hg, and the aortic valve area calculates
to 0.68 cm2 (Fig. 53-3).
In order to qualify for the percutaneous aortic valve, the peak velocity needs to be > 4 m per second,
and the mean aortic valve gradient needs to be > 40 mm Hg.

Figure 53·1.

Figure 53·2.

Figure 53-3.

QUFSfiON 1. Based on the clinical history and the
data shown in Figures 53-1 to 53-3 and Video 53-1:
A. You decide the patient's primary problem is
left ventricular dysfunction and not the aortic
stenosis
B. You refer the patient to the cardiac surgery for
the aortic valve replacement
C. You refer the patient for dobutamine stress
echocardiography to further evaluate the lowgradient aortic stenosis
D. You refer the patient for chelation therapy to
decalcify the aortic valve
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Figure 53-4.
Figure 53-6. Dobutamine study (20 meg). Peak

and mean gradients increased, and aortic valve
area decreased from 0.68 to 0.57 cm2• Peak velocity,
468 em per second; peak gradient, 87 mm Hg;
mean gradient, 49 mm Hg; and
aortic valve area, 0.57 cm2•
QUESTION 2. Based on the echo Doppler findings
on Figures 53-4 to 53-6 and Videos 53-2 and 53-3,
does this patient have severe aortic stenosis?
A. Yes

B. No
Figure 53-5.

Answers
ANSWER 1: c. You refer the patient for dobutamine
stress echocardiography to further evaluate the lowgradient aortic stenosis.
In evaluating patients with aortic stenosis, whether
it's a discrepancy between gradients and cusp excursion,
dobutamine stress echo (dose 5 to 20 meg) has been
shown to be of value to identify patients with true aortic
stenosis and differentiate from pseudoaortic stenosis,
which can be seen in low output syndrome.

Suggested Reading
Lange RA, Hillis LD. Dobutam.ine stn!SS ethocardiography in patients with low-gradient aonit stenosis. Ci~n. 2006;
113:1718-1720.

ANSWER 2: .A. During dobutamine, the peak and mean
aortic valve gradients rose, and the valve area fell. These
findings are indicative of severe aortic stenosis.
This patient will now qualify for percutaneous aortic
valve replacement.

Percutaneous Coronary Intervention and Stenting

A

65-year-old woman with a history of coronary artery disease, prior coronary artery bypass graft
13 years ago, and coronary angioplasty with stent placement twice in the last 10 years devdoped
shortness of breath and was found to have severe mitral regurgitation on echocardiography. She subsequently had mitral valve repair but after surgery had persistent shortness of breath.

QUESTION 1. What is the linear echo density in
the left atrium in Figures 54-1 and 54-2 and
Videos 54-1 and 54-2?

A. Amyxoma
B. A calcific mitral annulus

c.

An artifact
D. A mitral annuloplasty ring

Figure 54-1.

Figure 54-Z.
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Answers
ANSWER 1: D. There is no myxoma, no calcification of
the annulus, and no artifact, but there is a dehisced annuloplasty ring as shown in Figure 54-3, which is a 3D
transesophageal echocardiogram (TEE) image from the
same patient. Arrows are indicating posterior mitral annulus. Mitral annuloplasty ring used for mitral valve repair is dehisced from this portion of the annulus.
3D TEE provides additional information compared
with 20 TEE as seen in this case.
With 2D TEE, the entire structure of the mitral
valvular annuloplasty ring relative to the mitral annulus
could not be appreciated, and ring dehiscence was thus
difficult to diagnose.

Figure 54·3.
Suggested Readings
Caiam EG, FusiDi L, Veronui F. et al. Quantification of mitral annulus dynamic morphology in patients with mitral wive prolapse

undergoing repair and annuloplasty during a 6-month follow up.
Eurf Ech«ud#gr. 2011;12:375-383.

Ktonzon I, Sugeng L, Perk G, et aL Real-time 3-dimensional traaue.!iophageal echoca.rdiography in the evaluation of port-operative
mitral annuloplany ring and prosthetic wive dehiscence. f Am

CAll CmiUJ£ 2009;53:1543-1547.

Shortness of Breath and Palpitations

A

67-year-old man complains of shortness of breath and palpitations. He had robotic mitral valvular
surgery 1 year ago.

QUFSI10N 1. Based on this 2D three-chamber transesophageal echocardiogram (TEE) view (Fig. 55-1), the
patient has:
A. A vegetation on the mitral valve
B. A bioprosrhetic mitral valve
C. A mitral valve ring
D. A mechanical mitral valve

Figure 55-1.

QUESTION 2. See Figure 55-2. The mitral regurgitation (MR) is:
A. Severe and central through the mitral valve
(i.e., valvular)
B. Severe and paravalvular
C. Severe, both valvular and paravalvular
D. Moderate, both valvular and paravalvular

Figure 55-2.
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Figure 55·3.

Figure 55-5.

QUESTION 3. See Figures 55-3 and 55-4. The paravalvular MR is located:
A. Anteriorly
B. Inferiorly
C. Anteriorly and inferiorly
D. Laterally
E. Medially and laterally

Figure 55-4.

QUESTION 4. This 3D TEE left atrial view (Fig. 55-5)
shows:
A. A dehisced mitral valve ring only attached
posteriorly
B. A dehisced mitral valve ring only attached
anteriorly
C. Posterior mitral leaflet prolapse
D. Anterior mitral leaflet prolapse
E. A dehisced mitral valve ring only attached
anteriorly and posterior mitral leaflet prolapse
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Answers
ANSWER 1: C The patient has a mitral valve ring after
mitral valve repair. The asterisk depicts an enlarged left
atrium. The two block arrows point to the medial and
the lateral portion of the mitral ring. Below the ring is
the native mitral valve with thin a"ows pointing to the
anterior (left) and the posterior leaflet (right).
ANSWER2: c There is severe MR through both of the
mitral leaflets as demonstrated by a medially directed jet
toward the center of the picture. There also appears to
be two jets of paravalvular MR on the lateral aspect of
the valve. The lateral position of the ring is still seen as a
bright echo density separating the valvular from the
paravalvular jets.

Figure 55-6.

ANSWER 3: c These images (Figs. 55-6 and 55-7) are
obtained in the two-chamber view (bicommissural view)
at 90° and therefore showing the anterior aspect (to the
right) and the inferior aspect (to the left) of the valve
(arrows). The asterisk points to the left atrial appendage, an anterior structure that may assist one in determining the orientation of the image.
ANSWER 4: E. This 3D TEE surgical view depicts the aortic valve around 11 to 12 o'clock (1), and the left atrial
appendage to the left at 9 o'clock (2). Central in the picture is the mitral valve ring, which is seen to be only
attached anteriorly toward the aortic valve (3). Below the
ring, a large P2 prolapsed segment is visualized (4).

Suggested Reading
Kronzon L Sugeng L, Perk G, et al. Real·time 3-dimtD.Sioo.al t:rans-esophageal echocardiography in the ev:alwtion of post-operative
mittal annuloplasty ring and prosthetic wlve dehiscence. JAm
Coli Om&l. 2009;53:1543-1547.

Figure 55-7.

Dyspnea, Orthopnea, and Pedal Edema

A

67-year-old man with a history of hypenension presents with 3 months of increasing dyspnea,
orthopnea, and lower extremity edema. His transthoracic echocardiogram is shown in Figures 56-1
to 56-3.

A

B
Figure 56-1A.B.

A

B
Figure 56-ZA.B.

A

B

Figure 56-:JA.B.
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QUESTION 1. All of the following would support a
diagnosis of severe aortic regurgitation (AR) except:
A. Jet width> 65% left ventricular outflow tract
(LVOT)
B. Regurgitant fraction > 50%
C. Regurgitant volume > 50 mL per beat
D. Holodiastolic How reversal
E. None of the options

QUESTION 2. Is it reasonable to replace an aortic
valve in an asymptomatic patient with severe AR, normal ejection fraction, and left ventricular (LV)
end-systolic diameter> 55 mm?
A. Yes
B. No

QUESTION 3. On the echocardiogram images
(Figs. 56-1 to 56-3), which of the following are found?
A. Rapid 6lling of ventricle
B. Early peak atrioventricular vdocity-time
integral (VTI)
C. High LVOT VTI
D. Flow reversal in descending aorta
E. Rapid 6lling of ventricle and How reversal in
descending aorta
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Answers
ANSWER 1: C. A regurgitant volume> equal to 60
mL per beat is highly suggestive of severe AR and not 50
mL per beat (Table 56-1 ).

ANSWER 3: E. Figure 56-1 shows a high E wave with
a relatively short deceleration time, indicating rapid filling of the left ventricle. Figure 56-38 shows a holodiastolic flow reversal in the descending aorta, signifying
severe AR (marked by the arrow in Fig. 56-4).

ANSWER 2: A. According to the 2006 American
College of Cardiology/American Heart Association
guidelines for management of patients with valvular
heart disease, indications for aortic valve replacement in
AR are as follows:
- Severe, symptomatic (Class I recommendation)
- Severe, asymptomatic, and:
• Left ventricular ejection fraction (LVEF) < 50% (I)
• LV end-diastolic> 75 mm (Class lla recommendation)(> 70 if progressive [Class lib recommendation])
• LV end-systolic> 55 mm (Class lla recommendation)
(>50 if progressive [Class lib recommendationD
- Asymptomatic undergoing open-heart (Class lla
recommendation for severe, Class lib recommendation for moderate)

Figure 56-4.

TABLE 56-1. Qualitative and Quantitative Parameters Useful in Grading Aortic
Regurgitation Severity
Strudural parameters
LA size
Aortic leaflets
Doppler parameters
Jet width in LVOT -Color
Flow
Jet density -CW
Jet deceleration rate CW(PHT, ms)
Diastolic flow reversal in
descending aorta -PW
Quantitative parameters
VC width, em
Jet widthiLVOT width, %
Jet CSA/LVOT CSA, %
RVol, mVbeat
RF,%
EROA, cm 2

Mild

Moderate

Severe

Normal
Normal or abnormal

Normal or dilated
Normal or abnormal

Usually dilated
AbnormaVflail or wide
coaptation defect

Small in central jets

Intermediate

Incomplete or faint
slow> 500

Dense
Medium 500-200

Large in central jets;
variable in eccentric jets
Dense
Steep< 200

Brief, early diastolic
reversal

Intermediate

Prominent holodiastolic
reversal

<0.3
< 25
<5
<30
<30
<0.10

0.3-0.60
25-45
46-64
5-20
21-59
45-59
30-44
30-39
40-49
0.1Q-0.19 0.20-Q.29

>0.6
2!: 65
2!: 60
2!: 60
;;;: 50
2!: 0.30

Reprinted from Zoghbi WA. Enriquez-Sarano M, Foster E, et al. Recommendations for evaluation of the severity of native valvular regurgitation with two-dimensional and Doppler echocardiography. JAm Soc Echoardiogr. 2003;16:777-802, with permission from Elsevier.

Suggested Reading
Zogbbi WA. Emiqucz-Sar.mo M, Poster E, et al. R«ommendations
fOr ewluation of the severity of native wl.vular regurgitation with
two-dimensional and Doppler echocudiography.. J.Am S4c EchD~
u.rr&gr. 2003;16:m-so2.

Mitral Valve Reconstruction
68-year-old woman had mitral valve regurgitation due to a P2 prolapse. Her left ventricular ejection :&action was preserved, but she had pulmonary hypenension (pulmonary artery pressure
> 65 mm Hg) and dyspnea (New York Heart Association [NYHA] class II to III). Therefore, she underwent swgery with a quadrangular resection of the P2 prolapse, and a mitral ring was implanted. Afrer
swgery, her symptoms did not remarkably improve. She still had dyspnea NYHA II-III. Six months after
swgery, a transthoracic echocardiogram revealed severe mitral regwgitation, and a tran.sesophageal echocardiogram (TEE) was done to define the etiology of the mitral regwgitation more precisely. The images
(Videos 57-1 to 57-5 and Figs. 57-1 to 57-8) show the postswgical echocardiogram findings.

A

Figure 57-1. TEE four-chamber view without

Figura 57-3. TEE bicommissural view (60'")

(left) and with color Doppler (right) in systole.

in systole.

Figure 57-2. TEE bicommissural view (60'") in

Figure 57-4. TEE x-plane views with color

diastole.

Doppler. Bicommissural view Ueft);
long-axis view (right).

QUESTION 1. What causes the postsurgical mitral
regurgitation (select all that apply)?
A. Ruptwe of the mitral ring
B. Lack of valve leaflet coaptation
C. Paravalvular leak
D. Ruptwe of the posterior leaflet
E. A defect in the anterior leaflet
125
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Figure 57-5. 30 TEE: Left atrial aspect of the
mitral valve in systole.

Figure 57-6. 3D TEE: Left atrial aspect of the
mitral valve in diastole.

Figure 57·7. 3D TEE: Left ventricular aspect ofthe
mitral valve in systole.

Figure 57·8. 3D TEE: Left ventricular aspect of the
mitral valve in diastole.

Answers
ANSWER 1: B, E. The mitral regurgitation jets are
clearly located within the borders of the surgically implanted ring; therefore, rupture of the mitral ring and
paravalvular leak can be excluded as cause for the mitral
regurgitation.
The implanted mitral ring covers the posterior leaflet
completely, which is frequently the case. There is minimal posterior leaflet tissue, so rupture of the posterior
leaflet can also be excluded. What can be observed
is a lack of coaptation between the anterior and the

Suggested Reading
Kroozon L Sugeng L, Perk G, et al. Real·time 3-dimCD.Sioo.al t:rans-esophageal echocardiography in the ev:alw.tion of post-operative
mittal annuloplasty ring and prosthetic wlve dehiscence. JAm
Coli Om/UII. 2009;53:1543-1547.

posterior leaflet best seen in the four-chamber view.
In the intercommissural views, it can be seen that it is a
very broad jet, indicating that the lack of coaptation is
affecting the entire line of coaption. Therefore, lack of
valve leaflet coaptation is correct.
In addition, the 3D images reveal a deftlike lesion in
the anterior leaflet, indicating a defect of this leaflet.
Due to these findings, the patient underwent
reoperation and had a mitral valve replacement with a
biological valve.

Mitral Valve Replacement with Anticoagulation Therapy

A

69-year-old woman has a history ofmitral stenosis, chronic atrial fibrillation, and a past mitral valve
commissurotomy in Russia.
She subsequendy underwent mitral valve replacement and was treated with anticoagulation therapy.
The patient presented to the emergency room with dysuria and polyuria. She was discharged home the
same day. Two days later, the patient came back to the emergency room because of slurred speech, which
lasted for approximately 1 hour.
Upon physical examination, the patient was unarousable. Pulse was 110 beats per minute (irregularly
irregular, atrial fibrillation) and blood pressure was 135/90 mm Hg. There was no jugular venous distention. There were normal heart sounds over precordium with a very clear prosthetic first sound audible.
There was no diastolic murmur. Her lungs were clear to auscultation and percussion, and there was no
peripheral edema noted.

Figure 58-2.

Figure 58-1.

Figure 58-3. Continuous wave Doppler.
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QUESTION 1. Based on her uansesophageal echo·
cardiogram (TEE) shown in Figures 58·1 to 58·4 and
Videos 58-1 to 58-3. what is the most likely cause of
her slurred speech?
A. Hypertensive encephalopathy
B. Dementia
C. Diabetic ketoacidosis
D. Thromboembolism from a mechanical

prosthetic mitral valve

Figure 58-4.

Answers
ANSWER 1: D. There is a stenotic mechanical valve
with a thrombosis and a non mobile leaflet shown in the
figures and videos. As such, thromboembolism is the
most likely cause of the transient ischemic event of this
patient as pointed out by the a"ow in Figure 58-5.
Figure 58-4 and Video 58-3 are 3D TEE images that
show an en face view of the mitral mechanical valve with
a thrombus. This image is more informative than the
2D TEE (Figs. 58-1 and 58-2) as far as the shape, size,
location, and motion of the thrombus are concerned.
Also, the motion of the leaflets of the mechanical valve
is clearly seen by 3D TEE imaging.

Figure 58·5.

Suggested Readings
Sugeng L, Sheman SK, Weinert L. et al. IWJ.-time three-dimem.ional
transesophageal cchocardiography in wive disease: comparison
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Tauras JM, Zhang Z, Taub CC. Incremental benefit of 3D tf:UlS.esophageal echocardiography: a case of a mass ove.dyi.ttg a prosthetic mittal vilve. Ethot:llrtiVJgrllphy. 2011;28:E106-E107.

Bulging of the Cardiac Silhouette
70-year-old man who had undergone a cardiac transplant 4 months previously suffered a loss of
vision in the left eye, but he had no cardiac symptoms or abnormal findings upon physical examination. His chest x-ray showed a bulging of the cardiac silhouette to the right. An echocardiogram was
ordered to further evaluate his cardiac status (Fig. 59-1 and Video 59-1).

A

Figure 59-1.

Figure 59-4.

Figure 59-2.

Figure 59-5.

QUESTION 1. This parasternal long-axis image
(Fig. 59-1 and Video 59-1) shows:
A. A mass in the left atrium
B. A clot in the left atrium
C. Compression of the left atrium

Figura 59-3.
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Figure 59·6.

Figure 59-9.

Q.UFSTION 2. What imaging test do you order next?
A. Transesophageal echocardiogram (TEE)
B. Magnetic resonance imaging (MRI)
C. Computed tomography (CT)
D. Any of the options

QUESTION 3. The TEE images (Figs. 59-2 to 59-9
and Videos 59-2 to 59-9) demonstrate:
A. An ascending aortic aneurysm

Figure 59·7.

Figure 59·8.

B. Communication between the mass and the
ascending aorta, with a clot seen within
the mass
C. An ascending aortic pseudoaneW'}'5m
D. An extracardiac mass
E. Communication between the mass and the
ascending aorta, with a clot seen within the
mass and an ascending aortic pseudoaneW'}'5m
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Answers
ANSWER 1: C. The left atrium appears compressed
from above.
ANSWER 2: D. As the compression of the atrium is
superior, it needs an imaging modality that allows good
assessment of the left atrium as well as the aorta. TEE,
CT, and MRI are all sufficient for this purpose.
ANSWER 3: E. This is a pseudoaneurysm as there is
clear disruption of the aortic wall.
The pseudoaneurysm contains a laminar clot and
communicates with the aorta as seen in the transthoracic
echocardiogram (fig. 59-1 OA) and TEE (f ig. 59-1 OB) and
on CT 3D reconstruction (Fig. 59-11 ).
This patient had a mycotic pseudoaneurysm due to
Aspergillus fumigatus.
The most common cause of pseudoaneurysms is cardiac surgery, with the pseudoaneurysm originating at
the suture line as it did in this case. Treatment is urgent
surgical resection and repair.

Figure 59-11. Contrast 3D cr angiogram of the
aortic pseudoaneurysm. Ao, aorta; Ao-Ps, ascending aorta pseudoaneurysm; LA, left atrium; LV, left
ventricle; PA, pulmonary artery; RV, right ventricle.

Figure 59-10. A. Transthoracic and (B) transesophageal echocardiograms labeled for orientation.
Ao, aorta; AO-PS, ascending aorta pseudoaneurysm; LA, left atrium; LV, left ventricle;
RVOT, right ventricular outflow tract.

Suggested Reading
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Emergent Lysis of Adhesions

A

70-year-old woman is 1 day postoperative for emergent lysis ofadhesions for small bowd obstruction.
She develops pulmonary edema.

Figure 60-1.

Figure 60-4.

QUFSI'ION 1. Her echocardiogram (Figs. 60-1
60-6 and Videos 60-1 to 60-3) is consistent with:
A Right coronary artery (RCA) infarction
B. Left anterior descending (LAD) infarction
C. RCA and LAD infarction
D. Stress-induced cardiomyopathy

Figura &0-2.

Figure 60-3.
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Figure 60·5.

Flgure&o-6.

ANSWER 1: D. Apical ballooning of both the left ventricle and right ventricle can be seen in these images.
Thirty percent of stress-induced cardiomyopathy can be
biventricular. Stress-induced cardiomyopathy occurs
much more commonly in women.
Often referred to as Tak.otsubo cardiomyopathy,
so named because the heart takes on the shape of a

Japanese octopus trap due to ballooning of the ventricular apex, this form of cardiomyopathy is likely related
to catecholamine surge and thus can be seen in a variety of situations including emotional upset, postsurgery,
and septic shock.

Answers

Suggested Reading
Izumo M, Nalawadi S, Sbiota M, et al. Mc:cbmi.sms of acute mitral
regurgitation in patients with Takotsubo cardiomyopathy: an ech,o..
cardiouaphic srudy. Cirr: Omliovasc Imaging. 2011;4:392-398.

Profound Hypertension after Hemodialysis

A

71-year-old woman with diabetes mellitus, hypenension, end-stage renal disease, status post mitral
valve: replacement, and history of bacteriemia presents with profuund hypotension after hemodialysis.

QUESTION 1. Figures 61-1 and 61-2 (Videos 61-1
and 61-2) show:

A. A degenerated mechanical mitral valve
prosthesis
B. A dilated right ventricle, along with a mass on
the mitral valve
C. A dilated right ventricle, along with a tumor
in the left atrium
D. A degenerated mechanical mitral valve
prosthesis and a dilated right ventricle, along
with a tumor in the left atrium
Figure 61-1.

QUESTION 2. Figures 61-3 to 61-5 (Videos 61-3

and 61-4) demonstrate:
A.
B.
C.
D.

A mitral valve vegetation
Severe mitral regurgitation
Severe mitral stenosis
A mitral valve vegetation and severe mitral
stenosis
E. A mitral valve vegetation and severe mitral
regurgitation

Figure 61-Z.
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Figure 61·3.

Figure 61-6.

Figure 61-4.

Figure 61·7.

Figure 61·5.

QUESTION 3. The patient becomes somnolent.
There are palpable pulses with a blood pressure of
40 mm Hg. Heart sounds are distant. There are no
murmurs. What should you do next?
A. Repeat the transthoracic echocardiogramthe gradient cannot be cottect
B. Perform a uansesophageal echocardiogram
(TEE) to better visualize the mass and to
confirm that mitral stenosis is present
C. Start intravenous (IV) antibiotics, N pressors,
and admit to the intensive care unit
D. Emergent cardiac surgery for valve replacement
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Answers
ANSWER 1: B. The images are obtained from the
parasternal long-axis and subcostal views and demonstrate a markedly dilated right ventricle, a small left
ventricle, and a large mass on the mitral valve. The mass
partially obscures the valve structure, but there is no
evidence of a mechanical mitral valve.
ANSWER2: c Figure 61-3 (Video 61-3) shows a large
vegetation on a bioprosthetic mitral valve. Although the
valve leaflets are not visible, the struts can be seen.
Figure 61-4 (Video 61-4) shows a turbulent diastolic mitral inflow with large proximal isovelocity surface area in
the left atrium, consistent with significant mitral stenosis. The continuous wave Doppler (Fig. 61-5) confirms
critical mitral stenosis with a mean diastolic gradient of
34 mm Hg and a peak gradient of 48 mm Hg. There is
no evidence of significant mitral regurgitation.

Suggested Reading
Tiong IY. Nov.uo GM, jeffi:l'80n B, et al. Bacterial e.nd.oc:arditis md
functional miual. stenosis: a report of two cases and briefliteral"Ule
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ANSWER3: D. Emergent valve replacement is indicated.
The patient is in cardiogenic shock due to mechanical
obstruction of the mitral valve orifice most likely due to
endocarditis. Although a TEE is indicated (Figs. 61-6 and
61-7 and Videos 61-5 and 61-6), this procedure should
not delay the surgery and can be done intraoperatively.

Mass Near Right Atrium

A

71-year-old man with a history of coronary artery bypass grafting (CABG) 20 and 10 years ago had
a 20 and transesophageal cchocardiogram (Figs 62-1 to 62-4).

Figure 62-3.
Figure 62-1.

Figura 62-4.

Figure 62-2.

QUESTION 1. What would be the next step?
A. Biopsy of the mass
B. Angiography
C. Nuclear stress test
0. Oobutamine stress cchocardiogram
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Answers
ANSWER 1: B. The mass appears to be circular and
filled with clot making it likely to be a vein graft or right
coronary artery aneurysm or pseudo-aneurysm. Thus,
before performing a biopsy, angiography should be
done first in this patient. A stress test is not indicated.
The answer would be less clear if there was no history of

CABG.
Angiography showed that the saphenous vein graft
to the right coronary is patent and fills the posterior

Suggested Reading
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descending promptly. There was communication through
this graft that has a slow filling of contrast throughout
the cycle. The contrast fills through a septated area that
gives the appearance of a thrombus that has been recanalized. There is no apparent exit of the vascular mass,
and there is no clear-cut neck that is noticed. The distal
part of the graft before the anastomosis is lucent and
looks somewhat as if it may be squashed by the mass
that exists.

Hypertrophic Cardiomyopathy with Lymphoma

A

71-year-old woman presents 2 years after succe&.!iiful alcohol septal ablation for hypertrophic cardiomyopathy. She was recently diagnosed with lymphoma and has subsequently developed new onset
congestive heart failure (CHF).

QUESTION 1. Based on the parasternal long-axis
and apical views (Fig. 63-1 and Video 63-1), which of
the following is most lil«ly correct?
A. Patient has developed heart failure due to
lymphoma infiltrating the myocardium
B. CHF is associated with left ventricular
dysfunction from chemotherapy
C. Patient has had a recurrence of hypertrophic
cardiomyopathy physiology with systolic
anterior motion of the mitral valve (SAM),
mitral regurgitation (MR), and left ventricular
outflow tract (LVOT) gradient
D. Heart failure due to a ventricular septal defect
after alcohol septal ablation
Figure 63-1. Transthoracic echocardiogram O"TE):
Apical four-chamber view.

QUESTION 2. Which of the following is not
demonstrated on the motion (M)-mode echocardiogram (Fig. 63-2)?
A. Asymmetric septal hypertrophy
B. SAM
C. Mitral annular calcification (MAC)
D. Mitral stenosis

Figura 63-2.

139

140 I COMPLEX CASES IN ECHOCARDIOGRAPHY

Figure 63-3. Five-chamber view. Continuous wave
(CW) Doppler LVOT peak PGr = 92.2 mm Hg.
Figure 63-6.

QUESTION 3. See Figwes 63-3 and 63-4. Which of
the following is not true?
A. There is discrete membranous subaortic
stenosis
B. There is dynamic LVOT gradient
C. There is severe eccentric MR
D. MR in hypertrophic cardiomyopathy (HCM)
is generally posterolateral and often associated
with increased. LVOT gradients

Figure 63-4. Five<hamber view. Color Doppler.

Figure 63-5.

QUESTION 4. Based on Figures 63·5 and 63·6,
what is the treatment of choice for this patient?
A. Repeat alcohol septal ablation
B. Surgical myectomy
C. Mitral valve repair or replacement
D. Medical therapy with beta~blockers and
disopyramide

CASE 63 I 141

Answers
ANSWER I: C Patient has had a recurrence of hypertrophic cardiomyopathy physiology with SAM, MR, and
LVOT gradient.
ANSWER 2: D. Septum measures 2 em, and the inferolateral wall measures 1 em.
In Figure 63-7, the yellow arrow identifies SAM, and
the blue arrow identifies MAC.
There is no evidence of mitral stenosis on theM-mode
echocardiogram.

Figurv 63-7.

ANSWER 3: A. There is dynamic LVOT gradient. There
is severe eccentric MR.
MR due to SAM in HCM is generally posterolateral
and often associated with increased LVOT gradients.
There is no evidence of a discrete subaortic stenosis
in this case.
Figure 63-8.

Figure 63-9. Rx disopyramide 400 mg, LVOT gradient! from 92 to 12 mm Hg, MR from severe to
mild, CHF resolved.
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Answers
ANSWER "' D. The treatment is medical therapy with
beta-blockers and disopyramide. Figures 63-8 to 63-1 o
and Video 63-2 show the echocardiographic results after
treatment with beta-blockers and disopyramide. This patient had reduction in MR and a significant decrease in the
LVOT pressure gradient.
As the basal interventricular septum is only 6 mm on
the 2D long-axis view, alcohol septal ablation and surgical
myectomy are contraindicated. These procedures are
generally contraindicated when the septal thickness is
less or equal to 18 mm due to the risk of creating a
ventricular septal defect with these interventions.
Mitral valve repair with an annuloplasty ring will not
reduce the LVOT gradient. In a patient with advanced
lymphoma and poor prognosis, surgery is relatively contraindicated.

Figure 63-10. Systolic still frame-trace MR.

Suggested Reading
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Moderate-to-Severe Mitral Regurgitation

A

71-year-old man complairu of shortness of breath with chest pressure for 4 days. Past medical
history includes end-stage renal disease on dialysis for the past 20 years, congestive heart failure, a
biventricular pacemaker and implantable cardioverter-defibrillator, cirrhosis of the liver, and a history of
ischemic cardiomyopathy with prior percutaneous coronary interventions.
Routine echocardiography demonstrates moderate-to-severe functional mitral regurgitation. Considering the risk of open heart surgery, a MirraClip (Abbott, Abbott Park, Illinois) procedure was performed
to treat his mitral regurgitation.

Figure 64·1.

Figure 64-3.

QUESTION 1. As seen in Figures 64-1 to 64-3 and
Videos 64-1 to 64-3, a Mitra.Clip procedure was success-fully performed with trivial residual mitral regurgitation.
Figure 64-4 and Video 64-4, a short-axis image in the
levd of the aortic valve with color Doppler, show:
A. A ventricular septal defect
B. Severe pulmonic valve regurgitation
C. An atrial septal defect (ASD)
D. Free wall perforation of the right atrium

Figure 64·2.
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QUESTION 2. After the procedure, the patient's 0 2
saturation fell to 87% on 100% oxygen. What management should be considered in the catheterization
laboratory?
A. Diuretics
B. Surgical closure of the ASD
C. 3D echocardiography
D. Percutaneous closure of the ASD

Figure 64-4.

Answers
ANSWER 1: c Due to the large catheter (22 F) used
for the procedure, which crosses the atrial septum, a
residual ASD was found after the procedure as shown in
Figure 64-4 and Video 64-4.

ANSWER 2: D. Patients who develop significant rightto-left shunts and 0 2 desaturation associated with catheterization laboratory transseptal procedures require
acute closure of the shunt due to clinical deterioration,
as these defects will not close spontaneously.
In this case, there was right-to-left shunting, the
0 2 saturation fell to 87% on 100% oxygen, and the
ASD was greater than 9 mm in diameter, warranting
its closure, which was done percutaneously after the
procedure.
The result was successful as seen in Figure 64-5 and
Video 64-5.

Reference
Saitoh T. Izum.o M, Fwuge.o. A, et aL Echoc:atdiographic ewluation
of iatrogenic atrial septal defect after catheter-based mitral valve
clip insertion. Am] Cartlio. 2012;109(12):1787-1791.

Figure 64-5.

Mitral Valve Replacement

A

72-year-old woman from India underwent mitral valve replacement with a biological valve 2 years
ago. Eight weeks later, she developed increasing dyspnea (New York Heart Association class II to
III). A transesophageal echocardiogram (TEE) revealed recurrent mitral regurgitation and a paravalvular
leak, which was suspected. The patient was referred for evaluation of transcatheter closure ofa paravalvular mitral leak. A TEE study was performed (Videos 65-1 to 65-3 and Figs. 65-1 to 65-3).

Figure 65-3. TEE: Long-axis (LAX) view, 120" in
systole.
Figure 65-1. TEE: 59" in diastole.

Figure 65-2. TEE: 59" in systole.

QUESTION 1. Which diagnosis is correct?
A. Mitral regurgitation due to a paravalvular leak
in lateral location
B. Mitral regurgitation due to a paravalvular leak
in medial location
C. Mitral regurgitation through the valve due to
rupture of one leaflet at its base
D. Mitral regurgitation through the valve due to
endocarditis and destruction of the valve
E. Mitral regurgitation through the valve due to
early degeneration
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Answers
ANSWER 1: c. The mitral regurgitation jet is clearly
located within the surgically implanted mitral ring;
therefore, a paravalvular leak. can be excluded.
The morphology is seen best in the LAX view (120°).
One regurgitation jet is very excentric and originates
from the middle part, and another originates close to
the inner mitral ring. A rupture of one leaflet at the base
is present.
The regurgititation in the middle part is caused by
the lack. of coaptation due to the prolapsing ruptured
leaflet.
The 3D TEE image (Fig. 65-4) shows the ruptured
leaflet at the base in diastole; the edges of the leaflet
are still connected to the ring.
Echocardiography provides detailed information about
valve function and hemodynamics after mitral valve replacement, thus allowing early detection of structural
valve deterioration. 1
In this case, the bioprosthetic valve does not show
any signs of degeneration. This suggests that this specific type of early structural valve deterioration, showing
a leaflet rupture at the base of the leaflet, is likely due
to a defective (rather than degenerated) bioprosthesis.

Reference
1. Vesey JM, Otto CM. Complications of prosthetic heart valves.
C"" Owdkll Rep. 2004:6:1 06-111.

Figure 65-4. The white arrow marks the region
where the leaflet is ruptured; the red arrows
mark the edges where the leaflet is still connected
to the ring.

Intestinal Bleeding and Atrioventricular Block

A

72-year-old woman was hospitalized due to intestinal bleeding. Her decrrocardiogram showed a
first-degree atrioventricular block. She had no dyspnea or chest pain and occasional palpitations. See
Videos 66-1 and 66-2 and Figures 66-1 and 66-2.
An additional contrast study with agitated saline was performed. In Videos 66-3 and 66-4 and
Figures 66-3 and 66-4, the contrast agent is applied once via a right cubital vein and once again via a
left cubital vein.

Figure 66·1. Transthoracic echocardiogram (TTE):
Apical four-chamber view.

A

Figure 66-2. TIE: Apical three-chamber view.
B

QUESTION 1. What is the patient's diagnosis?
A. Coronary sinus aortic src:nosis
B. Circumscribed pericardia! effusion
C. Cor triatriarum sinister
D. Cor triarriarum dexrc:r
E. Persistent left superior vena cava (PLSVC)

Figure 66-3A,.B. TIE: Atypical apical fourchamber view. Agitated saline is injected into the
right cubital vein. The agitated saline appears in
the right atrium first, then the coronary sinus is
opacificated.
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8

A
Figure 66-4. TTE: Apical four-chamber views. Agitated saline is applied via a left cubital vein. The
coronary sinus (marked with a black asterisk on A) is opacificated first. then the right atrium and
ventricle are opacificated (B). RV, right ventricle; RA, right atrium; CS, coronary sinus.

Answers
ANSWER 1: E. The patient has a PLSVC, which is considered the most common abnormality of the thoracic
venous system.
The prevalence of PLSVC is approximately 0.3% of
the general population. 1- 3
In isolation, as it appeared in our patient, this variation is considered benign. However, frequently, other
congenital heart diseases (e.g., ventricular septal defect
and atrioventricular septal defect)4 are associated, which
contribute to higher morbidity and mortality rates.

The left brachiocephalic vein does not develop fully,
and the left upper limb, the head, and neck drain into
the right atrium via the coronary sinus.
The diagnosis is confirmed by injecting agitated saline into the left arm vein, which leads to an opacification of the PLSVC and the dilated coronary sinus as the
contrast study demonstrated in our patient.5
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Severe Mitral Regurgitation

A

72-year-old man with severe mitral regurgitation (MR) and a Hail P3 scallop undergoes robotic
mitral valve swgery. Traruesophageal echoca.rd.iogram (TEE) images are obtained in the operating
room after mitral valve surgery (Fig. 67-1 and Video 67-1).

QUESTION I. What type of mitral valve surgery
did the patient have?
A Mitral valve replacement with a bioprosthetic
mitral valve
B. Mitral valve repair
C. Mitral valve replacement with a mechanical
mitral valve
D. Alfieri stitch
QUESTION 2. The color Doppler in Figure 67-1 B
(arrow) is due to:
A Residual MR
B. Mitral stenosis after the repair
C. Aortic regurgitation
D. Systolic anterior motion (SAM) of the mitral
apparatus with left ventricular outflow tract
gradient

Figure 67-1. A. TEE five-chamber view: End-systole.
B. TEE four-<hamber view: Diastole.

QUFSTION 3. The following applies to the aortic
regwgitation seen in Figure 67-2 and Video 67-2:
A The jet is eccentric, originating from the area
between the right and the noncoronary cusps
B. There appears to be a tear of the right
coronary cusp
C. The jet is eccentric and caused by a bicuspid
aortic valve
D. The jet is eccentric, originating from the area
between the right and the noncoronary cusps,
and there appears to be a tear of the right
coronary cusp
E. The jet is eccentric, originating from the area
between the right and the noncoronary cusps,
and the jet is eccentric caused by a bicuspid
aortic valve
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A

c

B

D

Figure 67·2A-D.
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Answers
ANSWER 1: B. The valve was repaired using a partial
annuloplasty ring and triangular resection of a flail P3
segment with closure of the posterior commissure and
reattachment of the chords. The valve is still visibly
myxomatous. There is no evidence of a bioprosthetic or
mechanical valve. The Alfieri stitch would not be used
for a P3 prolapse/flail segment.
ANSWER 2: C It is always important to evaluate for
residual MR and for the presence of mitral stenosis after
repair. The color jet is seen in diastole on the ventricular
side of the mitral valve and can therefore not be due to
MR. Similarly, SAM is a systolic event and therefore also
excluded. The absence of flow convergence on the atrial
side excludes a jet due to mitral stenosis. The color flow
represents the presence of new aortic regurgitation.
Further imaging is required to better characterize the
lesion and severity.

ANSWER 3: D. The images demonstrate a tricuspid
aortic valve with a normal size aorta and a significant
eccentric aortic regurgitation jet. In the short-axis view
(Fig. 67-20), the jet is seen originating from the area between the right and the noncoronary cusps and possibly
involving a tear of the right cusp as seen by the origin of
the color flow as well as by a filamentous structure (tear)
in the long-axis view in Figure 67-2A. Figure 67-3 shows
the location of the aortic cusps. The patient was placed
back on pump, and the tear was successfully repaired.

Figure 67-3. Ao, aorta; LA, left atrium; R, right
coronary cusp.

Suggested Reading
O'Gara P. Sugeng L, Lang R. The role of imaging in chronic dcgeneratiw mitral regurgitat:ion.}ACC ~Imaging. 2008;1:221-237

Symptomatic Aortic Stenosis

A

72-year-old man underwent aortic valve replacement 2 months ago for symptomatic severe aortic
stenosis. He now prc:sc:nts with a 2-wc:ek history of fever, chills, rigors, and worsening fatigue. On
physical exam, his blood pressure is 110/75 mm Hg. and pulse is 105 beats per minute and regular.
Neck veins are flat, carotid pulses are normal, and lungs are clear to auscultation. Cardiac exam reveals
a well-healed midline scar, a normal S1 and S2 with no S3 or S4 gallops. There is a 2/6 systolic ejection
murmur in the left upper sternal border that radiates to the carotids. Extremities are warm with nope-

ripheral edema.

QUFSfiON 1. Based on Figures 68-1 and 68-2 and
Videos 68-1 to 68-4, the diagnosis is:
A. Mitral ring abscess
B. Aortic root abscess
C. Aortic valve dehiscence
D. Gerbodc: defect
E. All of the options

Figure 68·1. Transthoracic echocardiogram (TTE):
Parasternal long-axis zoom.

QUESTION 2. The most likely associated abnormal
finding on his elearocardiogram is:
A. Left bundle branch block
B. Low QRS voltage
C. High QRS voltage
D. Atrioventricular (AV) block
QUESTION 3. After obtaining three sets of blood
cultures, the best management strategy would be:
A. Intravenous (IV) ampicillin and gentamicin
B. IV vancomycin, gentamicin, and rifa.mpin
C. Urgent aortic valve replacement
D. Transesophageal echocardiography
E. IV vancomycin, gentamicin, and rifa.mpin;
transesophageal echocardiography; and then
urgent aortic valve replacement

Figure 68·2. 3D TTE: Parasternal short axis.
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Answers
ANSWER 1: B. The echocardiogram demonstrates a
bioprosthetic valve in the aortic position. There is evidence of abnormal thickening around the aortic ring in
the parasternal long-axis and short-axis views (Figs. 68-2
and 68-3 and Videos 68-3 and 68-4, marked with arrows). These findings, coupled with the clinical history.
suggest the presence of an aortic ring abscess. Some
degree of thickening around a bioprosthetic valve may
represent normal postoperative change, so it is helpful
to obtain a baseline TTE after aortic valve replacement
to serve as a baseline for serial comparison.

ANSWER 3: E. After starting empiric antibiotic therapy
for prosthetic valve endocarditis, the patient should undergo transesophageal echocardiography and urgent
aortic valve replacement with debridement of the aortic
ring abscess. The currently recommended empiric regimen for prosthetic valve endocarditis is vancomycin,
gentamicin, and rifampin. Aortic ring abscesses responds poorly to antibiotics alone. Prompt surgical intervention is warranted and often lifesaving.

ANSWER 2: D. The aortic ring is in close proximity to
the AV node. Patients with aortic ring abscesses commonly develop AV block. The development of AV block
is an ominous sign and implies rapid progression of the
infection. Patients with suspected aortic valve endocarditis should have serial electrocardiography with close
monitoring of the heart rate and conduction abnormalities such as prolongation of the PR interval and/or QRS
duration as well as heart block.

Figure 68-3.

Suggested Reading
David TE, Komeda M, Brofinan PR. Surgical treatment of aortic
root abscess. Cimlkllion. 1989;80:1269-1274.

Paroxysmal Nocturnal Dyspnea and Worsening Pedal Edema

A

73-year-old man presents with a 6 months history of worsening exertional fatigue and dyspnea on
exertion. More recently, he has developed paroxysmal nocturnal dyspnea and worsening pedal edema.
Upon physical examination, there is jugular venous distension to the angle of the jaw. Lungs are dear
to auscultation. Cardiac exam reveals a diffuse point of maximum impulse in the fifth intercostal space.
Sl is normal, and there is an increase in the P2 component ofS2. There is a loud third heart sound and
a 2/6 holosystolic murmur in the apex radiating to the axilla. Extremities reveal3+ pedal edema.
An electrocardiogram (Fig. 69-1) and 2D echocardiogram (Figs. 69-2 to 69-6 and Videos 69-1 to
69-3) are perfonned.

Figure 69·1.
Figure 69·3. TTE: Parasternal short-axis view.

Figure 69·2. Transthoracic echocardiogram (TTE):
Parasternal long-axis view.

Figure 69-4. TTE: Apical four-chamber view.

QUFSTION 1. What is the most appropriate next
step to confirm the diagnosis?
A. Right and left heart catheterization
B. Myocardial contrast echocardiography
C. Serum protein electrophoresis
D. Urine protein electrophoresis
E. Abdominal fat pad biopsy
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Figure 69·5.

Figure 69-6.

ANSWER 1: E. This patient has findings suggestive of
cardiac amyloidosis with a restrictive cardiomyopathy.
Amyloidosis can be caused by an underlying paraproteinemia such as multiple myeloma (light-chain amyloidosis)
or a chronic inflammatory condition (AA amyloidosis
[amyloidosis related to inflammatory diseases]).

The least invasive initial test to confirm the diagnosis of systemic amyloid is an abdominal fat pad biopsy.
The appearance of apple-green birefringence on Congo
red staining is a characteristic of amyloidosis. However:.
it has a limited sensitivity, and some patients will require
myocardial biopsy to confirm the diagnosis.

Answers

Suggested Reading
Palk RH. Diagnosis and management of the cardiac amyloidoses.
Cirr:u/a~U,n.

2005;112:2047-2060.

End-stage Renal Disease and Hypertension

A

73-year-old man with end-stage renal disease due to long-standing hypertension has a routine
c:chocardiogram performed, and the images in Figures 70-1 and 70-2 are recorded.

QUESTION 1. What is the valvular lesion and its
severity?
A. Mitral regurgitation, moderate
B. Mitral regurgitation, severe
C. Tricuspid regurgitation, moderate
D. Tricuspid regurgitation, severe

Figura 70-1.

QUESTION 2. All of the following are correct regarding various measures of tricuspid regurgitation
(TR) severity except:
A Right ventricular (RV)/right atrial (RA)/inferior
vena cava size: May be normal in acute TR
B. Jet area: Overestimat:es severity in eccentric jets
C. Jet density: Depends on RA pressure and
RV relaxation, tricuspid valve are~ and atrial
fibrillation
D. Hepatic vein B.ow: Systolic B.ow reversal is
sensitive for severe TR
QUESTION 3. Which is more sensitive for severe TR?
A. Jetwidth
B. Hepatic vein B.ow reversal

Figure 70-Z.
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QUESTION 4. An accepted cutoff for the RA-RV
pressure gradient that requires further evaluation for
pulmonary hypertension is:
A 30mmHg
B. 40mmHg
C. 50mm Hg
D. 60mm Hg
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Answers
ANSWER 1: D. The Doppler shows a TR jet that is both
holosystolic and quite dense. There is systolic flow reversal
in the hepatic vein. These are consistent with severe TR.
ANSWER 2: B. Jet area underestimates TR in eccentric
jets.

ANSWER 4: B. In the absence of other potential etiologies of pulmonary hypertension (PH), such as left heart
disease or advanced lung disease, an estimated RV systolic pressure of greater than 40 mm Hg generally warrants further evaluation in the patient with unexplained
dyspnea.

ANSWER 3: A.. Jet width > 0. 7 em has a sensitivity of
89% and specificity of 93%. However, it can underestimate TR in 20% to 30%.
Systolic flow reversal is sensitive (80%) for severe TR
and likely also very specific. However, it is influenced
by RA pressure, atrial fibrillation, RV relaxation, and the
phase of the respiratory cycle.

Suggested Readings
Mcl<mghlin W, An::b.er SL, Badm:.h DB, et al. ACCF/AHA 2009
c:~pen consensus document on pulmonary hypencnsion: a report
of the American College of Cardiology foundation task force
on expert consensus documents and the American Heart .Association developed in collaboration with the American College of
Chest Physicians; American Thoracic Society, Inc.; and the Pul·
monary Hypertension Association. f Am 01/1 CarJiql 2009;53:
1573-1619.

Zoghbi WA, Enriquez..Sua.no M, Foster E, et al. American Society
of Ec.b.ognfiograpby: rec.ommendations for evaluation of the
severity of native valvular regurgitation with two-dimensional and
Doppler echocardiography: a report from the American Society
of Echo cardiography's Nomenclature and Standard. Committee
and The Task Force on Valvular Regurgitation, developed in con·
junction with the American College ofCardiology Echocard.iog·
raphy Committee, the Cardiac Imaging Committee, Council on
Clinical Cardiology, the American Heart A&sociation, and the
European Society of Cardiology Working Group on Echocardiography. Eurf Ethourriitlgr. 2003;4(4):237-261.

Aortic Stenosis and Atrial Fibrillation

A

74-year-old woman with severe aortic stenosis and atrial fibrillation (AFIB) is referred for aortic
valve replacement. See Figures 71-1 to 71-3 and Videos 71-1 to 71-3.

Figure 71-1.
Figure 71-3.

QUFSI'ION 1. In addition to aortic stenosis, the
patient also has:

A. Left atrial appendage thrombus

B.
C.
D.
E.

Figure 71-2.
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Apical thrombus
Endocarditis
Left ventricular (LV) myxoma
LV papillary 6.broelastoma (PFE)
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Answers
ANSWER 1: E. This is a very unusual case of LV PFE. Primary cardiac tumors are very rare, and the most common
is myxoma, which would make this the most likely diagnosis of this incidental finding in our patient. PFE is the
third most common primary tumor of the heart but is
most frequently seen on the aortic or mitral valve. PFE may
embolize and cause distant embolization or myocardial
infarctions due to embolization to the coronary arteries.
Although the patient has AFIB, there is no evidence of a
thrombus in the left atrial appendage. LV thrombus is very
unlikely, given the normal LV size and function without
evidence of segmental wall motion abnormalities. Although metastatic disease is more common than primary
cancers of the heart, the patient is in overall good health
without evidence of cancer in other places. The LV mass is
seen in multiple views and does not represent an artifact
(Figs. 71-4 to 71-8 and Videos 71-4 and 71-5).

Figure 71-5.

Figure 71-4.
Figure 71-6.
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Answers

Figure 71·7.

Suggested Reading
Sydow K. Schrepfer S, Framen 0, ct al. Coincidence of aonic
wive stenosis and regurgitation and multiple cardiac papillary
libroelastomas in a young male adult. J Thort~e Cmdbnlmt: Sur:.
2007;133:564-565.

Figure 71-8.

Heart Murmur, Systemic Hypertension, and History of Cerebrovascular Accident

A

75-year-old man with a heart murmur since childhood, hypertension, and a history of a cerebrovascular accident had an echocardiogram to evaluate his heart munnur.

Figure 72-1.

Figure 72-4. Continuous wave Doppler across
right ventricular outflow tract (Rvon.

QUFSTION 1. The 2D echocardiogram (Fig. 72-1)
and the color motion (M)-mode echo (Fig. 72-2) show
(select all that apply):
A. Severe tricuspid regurgitation
B. A ventricular septal defect (VSD)
C. An overriding aorta
D. Eisenmenger syndrome

Figure 72-2.

QUFSTION 2. Figure 72-3 demonstrates:
A. A double outlet right ventricle (RV)
B. An atrial septal defect
C. Aortic regurgitation
D. Truncus arteriosus
QUFSTION 3. Figures 72-1 to 72-4 are consistent
with which of the following in this 75-year-old man?
A. Nonrestricted VSD
B. Gerbode defect
C. Truncus arteriosus
D. Endocardial cushion defect
E. Tetralogy of Fallot

Figure 72-3.
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Figure 72-5. Parasternal long-axis view demonstrating: (A) the VSD and (B) overriding aorta.

Figure 72·7. 30 TTE of the apical three-chamber

RV, right ventricle.

view demonstrating the VSD (single arrow) and
the overriding aorta (double arrow). iVS, intraventricular septum; lA, left atrium; LV, left ventricle;
RV, right ventricle.

Figure 72-6. 3D transthoracic echocardiogram
(TTE) from the parasternal long-axis view demonstrating normal size left ventricular cavity, right
ventricular hypertrophy (RVH), and overriding
aorta (double arrows).

Figure 72-8. 3D TIE parasternal long-axis view
with color Doppler demonstrating bidirectional
flow (yellow arrows) across the VSD. Ao, aorta;
IVS, interventricular septum; LV, left ventricle;
RV, right ventricle.

IVS, intraventricular septum; lA, left atrium;
LV, left ventricle; MV, mitral valve;

QUESTION 4. Which of the following factors are
thought to be associated with improved longevity and
minimal symptoms in uncorrected (unoperated) tetralogy ofFallot (see Figs. 72-5 to 72-10)?
A. A hypoplastic pulmonary artery with slow
development of subpulmonary obstruction1
B. Left venuicular hypertrophy (LVH)
C. Extracardiac shunts
D. All of the options
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Figure 72·9. Apical five<hamber view (A) demon·
strating the overriding aorta (double arroM) and
color Doppler (B) demonstrating bidirectional flow
across the VSD. IVS, interventricular septum; LV, left
ventricle; RV, right ventricle.

Figure 72-10. Parasternal long-axis view demon·
strating the overriding aorta (Ao). IVS, interventricular septum; LA, left atrium; LV, left ventricle;
RV, right ventricle.
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Answers
ANSWER 1: B, c. An overriding aorta is seen in
Figure 72-1 . The color M-mode (Fig. 72-2) demonstrates
flow through the VSD (see also Fig. 72-11 ).
ANSWER2: c. This diastolic frame demonstrates aortic
regurgitation.

ASNWER 3: E. There is an overriding aorta, a VSD, an
RVOT obstruction, as well as RVH (see Figs. 72-5 to 7210 and 72-12 and Videos 72-1 and 72-2).

Figure 72·11.

ANSWER 41 D. There are three factors that are associated with improved longevity in tetralogy of Fallot:
1) A hypoplastic pulmonary artery with slow development of subpulmonary obstruction 1
2) LVH that is thought to act by delaying of shunting from the right-to-left ventricle. 2.l LVH may be
a late development in the natural history of Fallot and any beneficial effect may not be seen until
adult life. Such balanced hemodynamics as in this
case are unusual.
3) Extracardiac shunts including patent ductus arteriosu~-reported in the oldest survivor who
died at age 775-or systemic to pulmonary artery
shunting via internal mammaries6

Figure 72·12.
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Recurrent Episodes of Bronchitis and Pneumonia
79-year-old woman has a history of shormess of breath, bronchial asthma, and bronchiectasis
associated with recurrent episodes of bronchitis and pneumonia.
She devdoped left upper anterior pleuritic chest pain. Her blood pressure was 143/75 mm Hg, pulse
was 105 beats per minute, respiration was 18 breaths per minute, and 0 2 sanuation is 98% on room air.
Her chest x-ray showed new small bilateral pleural effusions. White blood cell count was 7100 cells/mL
hemoglobin was 11.5 gr/dl, natriuretic peptide assay was 637 pg/ml, and troponin was 0.43 pg/L. The
dectrocardiogram (ECG) demonstrated inverted T waves over the anterior precordium (Fig. 73-1).

A

Figura 73-1.

Figura 73-3.

QUESTION I. The echocardiograms (Figs. 73-2

Figura 73-2.

and 73-3) show:
A Apical akinesis or dyskinesis with significant
mitral regurgitation (MR)
B. Apical hypokinesis without significant MR
C. Diffuse hypokinesis
D. Normal left ventricular (LV) size and function
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Figure 73-4.

Figure 73-6.

QUESTION 2. After 3 weeks, the ECG normalized
and LV function and MR improved as shown in
Figures 73·4 to 73·6. Cardiac catheterization showed
normal coronary arteries. What is the cause ofMR?
A. Systolic anterior motion of the mitral valve
(SAM)

B. Congenital
C. Endocarditis
D. Tethering of the mitral apparatus

Figure 73·5.

Answers
ANSWER 1: A. Significant MR and apical akinesis or
dyskinesis are noted.

Reference
Izum.o M, Nalaw:adi S, Shiota M, et al. MeclwUsms of acute
mittal ~tation in patients with Takotsubo cardiomyopathy: an ec:hoc:udiographic swdy. Cirt Cardi4tHI.tt Imtl{jng.
2011;4(4):392-398.

ANSWER 2: D. Tethering is noted in Figure 73-2,
which subsequently improved as shown in Figure 73-5
and consistent with Takotsubo cardiomyopathy.
Recently, an association between significant MR and
mitral valve tethering has been demonstrated in a subset of Takotsubo cardiomyopathy patients. In Takotsubo
cardiomyopathy patients, SAM can also cause significant MR.

Respiratory Failure and Tachy-brady Syndrome

A

76-year-old woman had repeated hospital admissions for volume overload, respiratory failure,
prolonged intubations, atrial fibrillation, and tachy-brady syndrome.
On repeated transthoracic echocardiograms (TIE), she has a normal to hyperdynamic left ventricular
(LV) systolic function and variably moderate or severe pulmonary hypertension. She has difficult
transthoracic images (Figs. 74-1 to 74-4 and Videos 74-1 and 74-2).

Figura 74-1.

Figure 74-3.

Figura 74-2.

Figure 74-4.

QUESTION 1. Based on the findings, which

test

should be performed next?
A. 12-lead electrocardiogram
B. TTE with saline contrast
C. Transesophageal echocardiogram (TEE)
D. Cardiac catheterization

167

168 I COMPLEX CASES IN ECHOCARDIOGRAPHY

Answers
ANSWER 1: C. The transthoracic images are technically
difficult. However, the 20 images (on video) demonstrate adequately hyperdynamic LV and right ventricular
systolic function with a good tricuspid regurgitation
signal and nice visualization of the inferior vena cava.
Therefore, there would be no indication for either saline
or LV contrast. However, although the color flow fails to
demonstrate mitral regurgitation (MR), the continuous
wave across the mitral valve clearly identifies MR, and
the mitral E-inflow velocity is almost 1.5 m per second.

In a patient with poor image quality, normal LV ejection
fraction, pulmonary hypertension, and repeated admissions for shortness of breath, significant MR needs to be
considered, and a TEE would be indicated to better visualize the mitral valve (Fig. 74-5 and Videos 74-3 to
74-6).
The patient was indeed found to have severe MR by
TEE, and she underwent successful percutaneous mitral
valve repair.

Figure 74-5. TEE four-chamber views (A,B);
TEE two-chamber view (C).

Suggested Reading
Whitlow PL, Fddman T, Pedmen WR. Acute and 12-month mul~
with catheter-based mitral valve lea£let .repair: the EVEREST D
(Endovascular Valve Edge-to-Edge .Repair) High Risk Study.
J.Am U:/11 CtmiUJI. 2012;59:130-139.

Lung Cancer with Shortness of Breath

T

his patient is an 83-year-old man with active lung cancer, and he was on chemotherapy. He had
never had surgery and had never received radiation therapy.
He was referred to the emergency room ror evaluation ofshortness of breath. A transthoracic echocardiogram showed a possible vegetation of the aortic valve. A tran.sesophageal echocardiogram (TEE) was
perfOrmed to further evaluate the aortic valve.
See Figures 75-1 to 75-4 and Videos 75-1 to 75-4.

Figure 75-3.
Figure 75-1.

Figure 75-2.

QUESTION 1. Image quality of the TEE was not
optimal. The reason ror the low image quality TEE
appeared to be a mass behind the left atrium. What is
the next step to evaluate this mass?
A. Computed tomography (CT)/magnetic
resonance imaging
B. Catheterization
C. Chest x-ray
D. Electrocardiogram

Figure 75-4.
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Answers
ANSWER 1: A. This patient has a history of lung cancer,
and the mass appeared to be an extracardiac structure.
A large hiatal hernia was detected by the CT scan
(Fig. 75-5). The hiatal hernia was likely responsible for
the poor image quality of the TEE.

Figure 75-5.

Suggested Readings
D'Cruz lA, Hancock 1-ll... &howdiographic: dwacteristia of diaphragmatic hiatlJB hernia. .Am j OJrJiqJ. 1995;75:308-310.
Koskinas KC, Oikonomou K. Ka.tapatsoudi E, ct a1. :&bocardiographic manifestation of hiatus hemia simulating a left auial.
mass: case n:pon:. Cardim!asc UllrmounJ. 2008;6:46.

QUIZ 1
~,

]

Clinical Findings and
Echocardiographic Correlations

Ql

Match the physicalfinding images (Figs. 1-10) with the appropriate echo images (Figs. A-]).

PHYSICAL FINDINGS
[Figs. 1-10]
Case1

caseZ

case3

CUe4

CaseS

Casal

case10

case7

case&

C.se9

ECHO IMAGES
[Figs. A-J]
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EchoC

EchoD

EchoE

EchoF

Parasternal long-axis

Parasternal shon-axis

____ ___
,..._

a\'ll

l~~----~,·t------~Vlr----------r~l~ ~r--'---'
'---J]__L__A_;

EchoG

EchoH

Echo I

EchoJ

QUIZ 2

Electrocardiographic Findings
and Echocardiographic
Correlations

Q2

Match the electrocardiographic findings (Fig.s. 1-14) with the appropriate echocardiographic com:lations (Fig.s. A-N).

ELECTROCARDIOGRAPHIC FINDINGS
[Figs. 1-14]
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ECHO IMAGES
[Figs. A-N]
Echo A

a

b
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d
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QUIZ 3

M-Mode Echo - 20 Echo Doppler
Clinical Correlations

Q3

Match the following ten M-motk casts with the co"tsponding Doppler and 2-D images (Fig.r. A-]).

M·MODE CASES
Case 1: The patient developed shortness of breath

Case 3: The patient is a high school athlete who

during pregnancy.

complains of chest pains and occasional shonness of
breath with exertion.

Case 2: The patient is an IV drug abuser who

Case 4: The patient was referred for a hean

developed acute shortness ofbreath.

murmur.

A

•
Case 5: The patient has recently been placed on

Viagra for pulmonary hypertension.

Case 6: The patient is an asymptomatic cardiac
surgeon with a late systolic heart murmur.

case 9: The patient was admitted to the ICU with

an elevated CVP and a paradoxical pulse.

Case 7: The patient has a pulsatile liver.

case 10: The patient has fever, positive blood
cultures, new onset heart murmur, and severe CHF.

Case 8: The patient has had a heart murmur since

childhood.

DOPPLER AND 2D IMAGES
[Figs. A-J]
Echo A
1

EchoB

EchoC

Echo D: LVOT pressure gradient = 92 mmHg

EchoE

Echo F: PV acceleration time= 53 msec

Echo G: LVOT pressure gradient = 62 mmHg

EchoH

1

Echo I
1

EchoJ
1

QUIZ 1 ANSWERS
CASE 1

CASE 4

ANSWER 1: ECHO c Clinical finding: Marfan syndrome. Picture shows arachnodactyly and skin striae
that are typical musculoskeletal findings seen in Marfan
syndrome. Marfan syndrome is an autosomal dominant
condition (25% de novo) associated with mutations
involving the Fibrillin 1 gene in most of the cases. (Left
panel) Echacardiogram shows aortic root aneurysm
with markedly dilated sinuses of Valsalva (see a"ows),
which are present in 60% to 80% of the patients and
represents the main cause of morbidity and mortality
among them (Hirata et al. JACC 1991 ). (Right panel)
Image taken after aortic valve and root replacement
with Bentall graft (Bentall et al. Thorax 1968).

ANSWER 4: ECHO F. Clinical finding: Amyloidosis.
Macroglossia (see teeth marks in the sides of tongue due
to tongue enlargement causing the teeth to indent the
lingual mucosa). A transthoracic echo shows findings
consistent with amyloid. Namely, there is thickening of
the left ventricular (LV) and right ventricular (RV) walls,
and the myocardium appears bright. The deceleration
time is short in the setting of thick LV walls, there is an
"L" wave (anow) indicating increased filling pressures as
does the deceleration time and the ratio of E wave LV
filling to the myocardial E' wave in diastole (EIE'). The
small "s" wave (asterisk) an the tissue Doppler imaging
is also indicative of poor contractile function. In amyloid
there is replacement of normal myocardial contractile elements by infiltration of interstitial deposits of amyloid,
leading to a firm, rubbery noncompliant (stiff) myocardium, most commonly caused by light-chain amyloidosis
(Kushwaha et al. NEJM 1997). As a consequence of infiltration there is typically low voltage on the electrocardiogram (ECG). This then results in "voltage/mass discordance" with low-voltage on the ECG and poor R wave
progression.

CASE 2
ANSWER 2: ECHO E. Clinical finding: Neurofibromatosis (von Recklinghausen's disease). Picture shows classical cutaneous neurofibromas (/eft), freckles and cafl!au-lait spots (right) that are seen in neurofibromatosis
(von Recklinghausen disease). The transthoracic echo
shows findings consistent with hypertrophic cardiomyopathy, which has been associated to neurofibromatosis
(Elliot et al. Am Heart Jour. 1976) possibly through a role
of neurofibromin as a critical modulator or Ras protein
activity in the cardiomyoc.ytes (Xu et al. Circ Res. 2009).

CASE 3
ANSWER 3: ECHO D. Clinical finding. Rheumatic mitral stenosis. Mitral facies. Picture shows pinkish-purple
malar flush, which can occur with rheumatic mitral stenosis. In many of these cases there is reduction in the
cardiac output and severe pulmonary hypertension.
Chronic hypoxemia produces vasoconstriction and livedo reticularis in the malar area (Blase et al. Circulation
2005). Echo shows rheumatic mitral stenosis (MS)
(arrow) in 2D (above) or 3D echo (below). The main
cause of MS, thought to be related to common M protein antigen between the heart and group A hemolytic
Streptococcus resulting in an autoimmune attack after
streptococcal infection. LA, left atrium; Ao, aorta; LV.
left ventricle.

CASE 5
ANSWER 5: ECHO]. Clinical finding: Atheroemboli.
Bluish discoloration of the fingers after cardiac catheterization. This phenomenon is known as blue-toe syndrome, as it occurs more frequently in the lower extremities. Echo shows aortic arch atherosclerotic plaque.
Cholesterol crystal microemboli from the atherosclerotic
plaque in a proximal large-caliber artery shower into the
circulation occluding small arterioles, producing mechanical plugging and inflammation usually with an
asymmetrical pattern (Falanga et al. Arch Dermatol.
1986). This usually coexists with livedo reticularis. Pulses
usually remain palpable as lesions are in small arterioles.

CASE 6
ANSWER 6: ECHO G. Clinical finding: Caput medusa
(arrows). Echo shows a large obstructive mass in the
right atrium leading to markedly elevated central venous pressures. When portal hypertension occurs the
umbilical vein, normally obliterated in early life, may reopen. This allows blood to be shunted through the
periumbilical veins to the umbilical vein. In this case the
lymphoma infiltrating the right atrium produces rightsided increased pressures leading to portal hypertension
and portocaval shunt development.
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QUIZ 1 ANSWERS
CASE 7

CASE 9

ANSWER 7: ECHO H. Clinical finding: Loeys-Dietz
syndrome. Picture shows a bifid uvula. Echo shows complex ascending aorta dissection (yellow arrow). Computed tomography shows cork screwing of the carotid
arteries (white arrows). Loeys-Dietz syndrome is an autosomal dominant disorder caused by mutations in the
genes encoding transforming growth factor beta receptor 1 and 2 (TGFBR1 or TGFBR2). De novo mutations
represent 75% of cases and is typically characterized by
the triad hypertelorism, cleft palate/bifid uvula, and/or
arterial tortuosity. Early mortality is mainly due to aortic
root dilatation leading to aortic dissection and rupture.
It is recommended for these patients to have prophylactic aortic root replacement when the aortic root is 40 to
42 mm, earlier than Marian patients' when prophylactic
replacement is generally done at 50 mm. In addition, in
Loeys-Dietz patients, vessels need to be screened from
head to pelvis upon diagnosis (Van Hemelrijk et al. Curr
Opin Cardiol. 201 0).

ANSWER 9: ECHO B. Clinical finding: Right-sided infective endocarditis. Evidence of active and healing skin
infections on the right arm due to intravenous drug
abuse (IVDA) and skin injections. Echo shows multiple
tricuspid valve vegetations (marked with arrows) in the
2D transthoracic echocardiogram (TTE) and 3D transesophageal echocardiogram (TEE). Infective endocarditis due to IVDA tends to be right-sided and more
commonly associated with Staphylococcus aureus;
though Streptococci, Enterococci and other organisms
like fungi or gram-negative rods are also common. Usually it occurs in younger patients as compared to nonIVDA and produces more pulmonary emboli (Matthew
et al. Arch lntem Med. 1995).

CASE 8
ANSWER Bz ECHO L Clinical finding: Metastatic liposarcomas in a patient. Picture shows that the patient has
a subcutaneous mass in the back (liposarcoma). The
echo shows a liposarcoma compressing the right ventricle. Liposarcoma is one of the most common soft-tissue malignant tumors. Myxoid variety represents 40%
to 50% with primary location usually in the lower extremities. It can present as a primary heart lesion or as
metastasis from a distal tumor. 20 echo is usually sufficient for diagnosis of cardiac involvement but magnetic
resonance imaging may be considered for more comprehensive assessment of the tumor size, location, and
tissue infiltration (Fairman et al. lnt Jour Cardiovasc
/mag. 2005).
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CASE 10
ANSWER 10: ECHO A. Clinical finding: Left-sided infective endocarditis. Picture shows multiple embolic lesions which are red and tender in the hands and feet of
a patient with infective endocarditis. Echo shows vegetations, as well as perforation in the anterior mitral valve
leaflet in 2D (arrow) and 3D TEE. We have found that
3D TEE is helpful in the diagnosis of valve perforations
(Thompson et al. Am J Cardiol. 201 0).

QUIZ 2 ANSWERS
CASE 1

CASE 4

ANSWER 1. ECHO N. Primum atrial septum defect/atrioventricular (AV) canal defect. Tile electrocardiogram (ECG) shows first degree AV block and leftaxis deviation (incomplete right bundle branch block
[RBBB] and left anterior fascicular block). P-wave morphology suggests biatrial enlargement. The reasons for
characteristic left-axis deviation in primum atrial septum
defect (ASD) are not well understood but thought to be
due to posterior AV node and bundle of His displacement due to an anterior unwedged aorta in respect to
the mitral and tricuspid valve. The 2-dimensional echocardiogram (2D-echo) shows an atrioventricular canal
defect with significant shunting and enlarged right and
left atria (a to c). This condition is associated with Down
syndrome patients (Web et al. Circulation 2006).

ANSWER 4. ECHO G. Ebstein"s anomaly. The ECG
shows sinus tachycardia and a short PR interval on ECG.
Close review of the QRS complex reveals delta waves.
This type of pre-excitation pattern can be seen in up to
25% of patients with Ebstein's anomaly (mostly right
posterior and right lateral accessory pathways). The 2D
echo shows that the septal tricuspid leaflet insertion is
displaced into the right ventricle (a, lAS: interatrial septum). Tricuspid valve coaptation is shifted apically and
the right atrium ventricularized (b). Reduced RV volume
and compliance and impaired tricuspid coaptation lead
to severe TR and elevated right sided filling pressures.
Consequently interatrial right to left shunting due to an
ASD or a stretched persistent foramen ovale can occur
frequently (Smith et al. Am J Cardia/. 1982; Sommer et
al. Circulation 2008).

CASE 2
ANSWER 2. ECHO C. Secundum atrial septum defeel The ECG shows right-axis deviation and an incomplete RBBB. Right-axis deviation is due to right ventricular
hypertrophy and strain due to pulmonary hypertension.
The 2D echo shows an enlarged and hypertrophied right
ventricle (RV) with marked right atrial (RA) enlargement.
The echo lucency in the central portion of interatrial septum (lAS) suggests an atrial septum defect (ASD, a). An
ASD with left to right shunting is confirmed by color Doppler in the 4-chamber (b) and subcostal views (c) and
pulsed wave Doppler (d). Secundum ASD is more frequently found in females (Web et al. Circulation 2006).

CASE 3
ANSWER 3. ECHO D. Stress-induced (Takotsubo)
cardiomyopathy. The initial ECG shows sinus tachycardia and is suspicious for acute myocardial ischemia/infarction (anterolateral leads). The 2D echo shows prominent left ventricular (LV) apical ballooning with
preserved basal contractility (a and b). The changes on
the follow-up ECG of T wave inversion in the precordial
leads along with the echo findings support the diagnosis of stress induced (Takotsubo) cardiomyopathy. LV
dysfunction is usually reversible, with low mortality, and
good prognosis. This condition is more common in females and is often preceded by emotional or physical
stress (Gianni et al. Eur Heart J. 2006).

CASE 5
ANSWER 5. ECHO .A. Acute pulmonary embolism.
The ECG shows sinus tachycardia, RV strain and 51 Q3T3
pattern (prominent S wave in lead I. a Q and inverted T
wave in lead Ill). The 2D echo shows a dilated right ventricle (RV) with direct evidence for thrombus in transit in
the RV (a) and right atrium (b to c) and the commonly
observed pattern of mid-RV free wall hypokinesis, but
preserved RV apical contractility (c diastole versus d
systole). Termed McConnell's sign, this wall motion
pattern has a low sensitivity but relatively high specificity in acute pulmonary embolism (Goldhaber. The Lancet
2004; McConnell et al. Am J Cardia/. 1996).

CASE 6
ANSWER 6. ECHO L Right ventricular hypertrophy. The ECG shows complete heart block with occasional fusion beats, biatrial enlargement and a RBBB. Of
significance are ECG signs for right axis deviation and
right ventricular (RV) enlargement. The 2D echo shows
a dilated RV (a) and significantly hypertrophied RV free
wall of -1 em (b). In addition the right atrium is enlarged and the interatrial septum is bowing towards the
left atrium suggesting elevated right-sided pressure
compatible with significant underlying pulmonary hypertension (b) (Haddad et al. Circulation 2008).

QA3

QUIZ 2 ANSWERS
CASE 7

CASE 10

ANSWER 7. ECHO B. Pericardia! effusion. The ECG
is suspicious for low voltage. No alternating QRS axis
can be observed but the magnitude of the ECG voltage
varies from beat to beat. The additional ECG shows
more exaggerated pattern of electrical alternans (courtesy of Dr. PK Shah). The 2D Echo shows a significant
circumferential pericardia! effusion (a-c) (Wann et al. J
Am Soc Echocardiography. 2008).

ANSWER 10. ECHO M. Amyloid heart disease. The
ECG shows limb lead low voltage and the 2D echo
markedly increased left ventricular wall thickness (a and
b). The combination of these findings suggests the diagnosis of amyloid heart disease. This echo further typically shows a thickened interatrial septum and small
pericardia! effusion (a and b). Diastolic filling shows a
restricted pattern by mitral inflow Doppler (c, lower
panel), an L-wave (arrow) indicative of elevated LV filling
pressures and low myocardial velocities by tissue Doppler
(c, upper panel). Commonly the myocardium looks
characteristically sparkling and granular, but this
appearance is not specific and exaggerated by today's
harmonic imaging ultrasound technique (Dubrey et al.
Br J Cardiel. 2009).

CASE 8
ANSWER B. ECHO F. Aortic root abscess. ECG recordings show interval development of complete AV
block along with a right bundle branch block. The transesophageal echo reveals a thickened aortic root with
varying ultrasound density (a and b). While such aortic
root changes can be seen in the immediate postoperative AVR setting, they raise the suspicion of an aortic
root abscess, which was confirmed at surgery in this patient (Brecker et al. Heart. 1999).

CASE 9
ANSWER !}. ECHO H. Hypertrophic cardiomyopathy. The ECG shows marked left ventricular (LV) hypertrophy and LV strain pattern. The sharply inverted Twaves in the precordial leads are typical for hypertrophic
cardiomyopathy (HCM). The 2D echo shows marked
symmetric LV wall hypertrophy. The combined ECG and
echo findings in the absence of chronically elevated afterload (e.g. aortic stenosis, hypertension) and infiltrative cardiomyopathies make the diagnosis of HCM very
likely (Wigle. Heart. 2001; Ho. Circulation. 2012).

CASE 11
ANSWER 11. ECHO]. Cardiac sarcoidosis. The ECG
shows sinus tachycardia with complete heart block and
a junctional escape rhythm with repolarization abnormalities. Sarcoid granulomas in the myocardium can result in complete heart block (as seen here) as well has
ventricular arrhythmias and mitral regurgitation when
the granulomas involve the papillary muscles. The 2D
echo shows a thinned interventricular basal septum (arrow), which was likely the site of a granuloma as the
patient had angiographically normal coronary arteries.
The echo also suggests left ventricular aneurysm formation (a to c). Nevertheless the echo has a low sensitivity
and specificity to detect early cardiac sarcoidosis
(Doug han et al. Heart. 2006).

CASE 12
ANSWER 12. ECHOK. Apical hypertrophic cardiomyopathy: Yamaguchi syndrome. The ECG shows
marked left ventricular (LV) hypertrophy and deeply inverted T-waves in most of the limb and precordial leads.
The 2D echo reveals predominantly apical left ventricular hypertrophy with a spade-like LV cavity (a). This was
confirmed with ultrasound contrast opacifying the LV
cavity in diastole (b) and systole (c). Yamaguchi Syndrome is a common, nonobstructive form of HCM in
Japan, but much less commonly diagnosed in nonAsians (Yamaguchi et al. Am J Cardia/. 1979; Maron BJ.
lAMA 2002).
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QUIZ 2 ANSWERS
CASE 13

CASE 14

ANSWER 13. ECHO E. Chagas heart disease. The
ECG shows a right bundle branch and left anterior fascicular block, typical for the chronic Chagas disease
stage. The 2D echo shows a LV apical aneurysm, which
is often found in chronic Chagas-related heart disease.
(a and b). Chagas disease is usually acquired in childhood and manifests in the acute phase as a febrile illness with rare cardiac involvement. Similar to this patient, patients present decades later in the chronic
myocarditis Chagas disease stage and have ECG and
echo findings as above (Acquatella. Circulation 2007).

ANSWER 14. ECHO L Ventricular fibrillation. The
ECG shows ventricular fibrillation. Echo M-mode shows
no meaningful LV contraction and movement (a). The
aortic valve does not open during systole (b). The 2D
echo reveals an apical left ventricular assist device (LVAD)
cannula with inflow into the LVAD confirmed by color
Doppler (c and d) (Am mar et al. Eur Heart J Cardiovasc
Imaging. 2012).
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QUIZ 3 ANSWERS
CASE 1

CASE 5

ANSWER 1: B. For Case 1, the M-mode shows the
classic flat E-F slope of the anterior mitral valve leaflet,
lack of a-wave on the mitral leaflet, and the posterior
leaflet moves in the same direction of the anterior
leaflet, all of which are indicative of mitral stenosis.
Figure B demonstrates an increased transmittal gradient
(mean = 28 mm) and a flat deceleration time that are
consistent with severe mitral stenosis.

ANSWER 5: E For Case 5, this M-mode is through the

CASE 2

CASE 6

ANSWER 2: A. For Case 2a, the M-mode shows random motion of the anterior leaflet in diastole as well as
thickening of the posterior leaflet, which are suggestive
of a flail mitral valve leaflet and possible vegetation. For
Case 2b, the color M-mode corroborates significant
mitral regurgitation seen as a blue signal in the left
atrium throughout systole (during the entire time that
the aortic valve is also noted to be open on the M-mode
echo). The color Doppler also demonstrates some aortic
regurgitation. Figure A 1, the 2-D echo (four chamber
view) shows a thickened mitral valve consistent with a
vegetation as well as possible flail of the mitral leaflet.
Figure A2, the same view with color Doppler, shows
severe mitral regurgitation.

ANSWER6: E. For Case 6, theM-mode echo through
the mitral valve demonstrates late systolic mitral valve
prolapse. The Doppler in E demonstrates late systolic
mitral regurgitation.

CASE 3

pulmonic valve and it demonstrates a loss of a-wave as
well as a W-pattern which is indicative of severe pulmonary hypertension. Figure F shows the right ventricular
outflow tract systolic flow signal. The time from onset to
peak, known as the pulmonary acceleration time, is very
short: 53 milliseconds. This is also consistent with severe
pulmonary hypertension.

CASE 7
ANSWER 7: H. For Case 7, theM-mode shows a very

dilated right ventricle with paradoxical septal motion as
timed on the electrocardiogram. These findings are consistent with right ventricular (RV) pressure and volume
overload. Figure H1 shows severe tricuspid regurgitation
(RV volume overload) and Figure H2 shows a CW Doppler signal with a RV to right atrial pressure gradient of
87 mm Hg indicative of RV pressure overload.

CASE 8
ANSWER 3: D. For Case 3, the M-mode echo shows
systolic anterior motion (SAM) of the mitral valve with
prolonged SAM-septal contact (consistent with a high
left ventricular outflow tract [Lvon gradient), and asymmetric septal hypertrophy and a small left ventricular
cavity. These findings are typical of hypertrophic cardiomyopathy (HCM). FigureD shows an increased left ventricular outflow track gradient (92 mm Hg) which is late
peaking (dagger shaped) and typical for HCM.

CASE 4
ANSWER 4: C For Case 4, the M-mode through the
anterior mitral leaflet demonstrates diastolic fluttering
consistent with aortic regurgitation. Figure C demonstrates a continuous wave (CW) Doppler signal that is
holodiastolic with a flat slope consistent with aortic
regurgitation.
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ANSWER 8: G. For Case 8, the M-Mode echo through

the aortic valve shows aortic valve preclosure, which is a
typical finding for discrete membranous subaortic stenosis (DSAS). Figure G shows an increase in LVOT
gradient on CW Doppler with a morphology that is consistent with a fixed stenosis and in diastole there is
evidence of aortic regurgitation. These findings are
characteristic of DSAS in that the M-mode shows normal initial aortic cusp excursion before preclosure and
the Doppler shows a high LVOT gradient associated
with aortic regurgitation (common in DSAS).

QUIZ 3 ANSWERS
CASE 9

CASE 10

ANSWER 9: ]. For Case 9, the M-mode shows a small

ANSWER 10: L For Case 10, the color M-mode shows

left and right ventricle, and there is only a trivial pericardia! effusion anterior to the right ventricle. Clinically
tamponade was suspected due to high central venous
pressure and paradoxical pulse. Figure J1 shows Doppler
mitral inflow variation consistent with tamponade.
Figure J2 shows no significant pericardia! effusion but
very large and bilateral pleural effusions which in this
case are the cause of clinical, hemodynamic, and Doppler findings of tamponade.

findings indicative of both significant aortic and mitral
regurgitation. The 2D echo image in Figure 11 shows a
flail and perforated anterior mitral leaflet as well as
aortic valve vegetation. Figure 12 shows severe aortic
regurgitation as well as diastolic mitral regurgitation.
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Dialysis, 143
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aortic valve, 50, 153
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mitral valve replacement and, 86, 134-136
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hypertension in, 156-157
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Fabry disease, 20--21, 35
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Fatigue, 39,77
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Hdex septal occluder, 72
Hematoxylin-eosin staining, 78/
Hemiazygous vein, 41, 42[
Hemiparesis, left-sided, 18-19
Hemodialysis, 36-37, 95
hypertension after, 134--135
Hemolysis, 107
Hemoptysis, 14--16
Heparin, 70, 94
Hepatic vein, 157
Hiatal hernia, 170
Holodiastolic flow reversal, 123-124
Holosystolic murmur, 81
Holosystolic TR jet, 157
Hypercholesterolemia, 79-80
Hypeteosinophilic syndromes, 114
Hypertension, 79--80, 90, 161-164
end-stage renal disease and, 156-157
after hemodialysis, 134-135
pulmonary, 14, 16, 28, 29, 91-92, 125,
156-157
TR and, 156-157
Hypertrophic cardiomyopathy (HCM), 32, 35
with lymphoma, 139--142
MR in, 139--141
SAM in, I41
Hypoplastic pulmonary artery, 162, 164
Hypotension
borderline, 66
mitr.d valve replacement and, 102-103
Hypoxic hypercapnic respiratory failure, 48
Implantable cardioverter-ddibrillator, 143
Implantable ddibrillaton, 32, 35
Inferior vena cava (IVC), 39
Interatrial septal aneurysm. 24, 25
lnterventtit:ular septal flattening, 16
Intestinal bleeding, 147-148
Ischemic cardiomyopathy, 143
Ischemic disease. See 4lso Transient ischemic attack
LAD, 137
stress response, 73, 75
IVC. See Inferior vena cava
Jet area, 156-157
Jetwidth, 156-157
Jugular venous distension, 66, 154
Kidney donation, 63---{)5
LAD. See Left anterior descending artery
Laminar clot, 131
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~aHet rupture,

126
anterior descending artery (lAD)
ischemia of, 137
lesion in, 7 4, 75
~ft atrial masses, 12-13, 94
~ft atrial myxoma, 12-13, 43
~ft

~ftatrium

compression of, 129, 131
enlarged. 58
~ft circumflex artery, ligation of, 2
~ft-sided hemiparesis, 18--19
~ft vmtricle
aneurysm of, 108--109
dilated, 90
in intermediate srage exercise, 73, 75
papillary librodastoma in, 158--159
thinning of, 2
~ft vmtricular assist device, 44
~ft vmtricular contrast, 47
~ft vmtricular ejection fraction, 73, 125
~ft vmtricular end diastolic pressure (LVED
pressure), 92
~ft vmtricular end-&y~~rolic diameter, 123-124
~ft vmtricular hypertrophy (LVH), 21, 35, 47,
162, 164
~ft vmtricular outflow tract (LVOT)
decreased gradient in, 33
fistula near, 5--<i
gradient, 139, 141
annuloplasty ring and, 142
increased, 33
resolution of, 34, 35
increased velocities in, 32, 35
obstructed, 3--4
~ft vmtricular systolic dysfunction, 38
~ft vmtricular systolic function, 58
~gedema, 77
after mitral valve replacement, 86
Light-chain amyloidosis, 15 5
Linear echo density, 117-118
Liver
cirrhosis of. 143
aneurysm and, 108-109
metastasis to, 97
LoefHer disease, 114, 114/
Low-grade fevers, 48
Lung cancer, 169-170
Lung disease, 91-92
LVED pressure. S« ~ft ventricular end diastolic
pressure
LVH. S« Left ventricular hypertrophy
LVOT. See ~ft ventricular outflow tract
Lymphoma, 139-142
MAC. S« Mitral annular calcification
M;gnetic resonance imaging (MRI)
aneurysm evaluation with, 109
compressed atrium evaluation with, 131
graft assessment with, 56-57
hiatal hernia detection with, 169
myxoma detection and, 93-94
Malaise, 10-11
Marfan syndrome, 1-2, 22, 56-57
Metastatic disease, 159
Microbubble contrast, 47, 114
Mid-diastolic rumble, 12-13
MitraCiip procedure, 143

Mitral annular calcification (MAC), 95, 139,
141
Mitral annuloplasty ring, 81, 117
dehisced, 118
Mitral intervalvular 6brma, rupture of, 96
Mitral regurgitation (MR), 32, 33, 35, 48--49,
168
apical akinesis or dyskinesis with, 165-166
degenerative, 104-1 06
eccentric, 141
in HCM, 139-141
incomplete, 84-85
leaflet rupture and, 145-146
MitraClip procedure for, 143-144
papillary muscle rupture and, 84-85
paraprostb.c:tic, 107
postsurgical, 125-126
SAM and, 166
severe, 119-121, 149-151
after valve repair, 149, 151
valve repair for, 81-82, 117
after valve replacement, 145
Mitral ring, 126
Mitral stenosis (MS)
classification of severity, 26t
LA myxoma causing, 13
mid-diastolic rumble in, 13
mild, 95
scvere,24,25, 134,136
after valve repair, 151
valve replacement for, 127, 136
Mitral valve, 2
bioprostb.c:tic, 107, 136, 146
calcification, 25
calcification of annulus, 95
commissurotomy, 127
llail, 105-106, 149
leaflet rupture, 125-126, 145-146
mass on, 134,136
mechanical, 86, 128
mechanical obstruction of, 136
myxomatous, 104
percutaneous repair, 168
prolapsed, 43, 105-106
reconstruction, 125-126
repair of, 81-82, 117, 142, 149-151, 168
replacement
with anticoagulation therapy, 127-128
after endocarditis, 86
endocarditis and, 134-136
hypotension and, 102-103
paravalvular leaks after, 88
reconstruction, 126
ruptured leaflet and, 145-146
rheumatic di&ease of, 23, 25
tethering, 166
rumor resection, 95
Mitral valve ring, 119, 121
Moderator band, 2
Modified Ross procedure, 5--<i
Motor vebicle accidents, 45-46
MR. Set Mitral regurgitation
MRI. S« M;gnetic resonance imaging
MS. S« Mitral stenosis
Multiple mydoma, 155
Mycotic pseudoaneurysm, 131
Myocardial fibrosis, 35

Myocardial inf.uction, 68, 108--109
embolization causing, 159
papillary muscle rupture from, 85
sr segment devation, 85
Myocarditis, 38
viral, 44
Myxoma, 19, 159
detection of, 93-94
left atrial, 12-13, 43
Myxomatous mitral valve, 104
Neuroendocrinetumor,97
Nonbaaerial thrombotic endocarditis, 19
Noncompaaion cardiomyopathy, 47
Nonischcmic cardiomyopathy, 75
Norepinephrine, 102
Obesity, 110-112
Opaci6cation, 112
Orthopnea, 122
Overriding aorta, 161, 164
P2 prolapse, 125
PA. S« Pulmonary artery
Pacemilirs, 5
b~oicular, 115-116,143
Palpitations, 119, 147
Papillary fibrodastoma (PFE), 18-19, 158--159
Papillary muscle, rupture of, 84-85
Papules, 44
Paraprosthctic MR. 107
Paraproteinemia, 155
Paravalvular jets, 121
Paravalvular leak, 86-88, 107, 126, 145
Paroxysmal nocturnal dyspnea, 154-155
Partial annuloplasty ring, 151
Parent foramen ovale (PFO), 39, 59--<iO
carcinoid heart disease and, 97
closure of, 71-72
PE. S« Pulmonary embolism
Pedal edema, 122, 154-155
Percutaneous aortic valve replacement, 115-116
Percutaneous ASD closure, 144
Percutaneous balloon valvuloplasty, 25
Percutaneous closure, 107
Percutaneous closure devices, 53, 54, 54/. 55/
Percutaneous coronary intervention, 117-118,
143
Percutaneous mitral valve repair, 168
Percutaneous mitral valvuloplasty, 24, 25
Pericartlial effusion, 27, 29, 66--<i7, 103
Pericartlial tamponade, 66--<i7
Perimyocacditis, 44
PermCath, 36
Persistent left superior vena cava (PLSVC),
147-148
PFE. S« Papillary fibrodastoma
PFO. S« Patent foramen ovale
PH. See Pulmonary hypertension
Pleural effusion, 66--<i7, 165
Pleuritic chest pain, 165
PLSVC. Set Persisrent left superior vena cava
Pnnmwcyms pneumonia, 27-29
Pneumonia, 165-166
Polyuria, 127
Posterior mitral annulus, 81-82
Premere occluder, 59-60, 72, 72/
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Pn:ssure rccovety, abnormal, 100-101
Prosthetic valves
aonic
endocarditis and, 153
stenosis of, 99, 101
St. Jude Medical, 56
mitm.l
bioprosthetic, 107, 136, 146
mechanical, 86, 128
St. Jude Medical, 69, 70, 86
Prosthetic valve thrombosis (PVT), 70
Pseudoaneurysm, 5-6, 109/
aonic, 130, 131
mycotic, 131
Pseudoaonic stenosis, 99-1 01
Pseudonormal mitm.l inflow pattern, 33, 34, 35
Pulmonary artety (PA), 92
hypopLutic, 162, 164
thrombus in, 28, 29
transposition of. 31
Pulmonary congestion, 98
Pulmonary edema, 98-101, 132
Pulmonary embolism (PE), 28, 29, 45-46
Pulmonary hypertension (PH)
ASDs and, 28, 29
in hemoptysis episode, 14, 16
lung disease and, 91-92
LVED pressure and, 92
P2 prolapse and, I25
tricuspid valve pressure gradient in, I 56-I 57
Pulmonary rcgurgiration, 97
Pulmonary valve, fibrosis of, 97
Pulmonary vascular resisrance (PVR), 45-46
Pulmonary vein stenosis, 61-62
PVR. See Pulmonary vascular resisrance
PVf. See Prosthetic valve thrombosis
RA. See Right atrium
RCA. See Right coronary artery
Reduced exercise capacity, 58
Regional RV wall motion abnormalities, 45-46
Renal disease, 20-21
end-~.36--37.95,98-101, 134,143,
156-157
Respiratory failure, 167-168
hypoocichypercapnic,48
Restrictive cardiomyopathy, 155
Rheumatic fever, 9
Rheumatic valvular disease, 23, 25
Rifampin, 152-153
Rigb.t atrial masses, 137-138
angiosarcoma, 63-64, 65/
on Premere oeduder, 59-60, 60/
superior vena cava obstruction by, 40, 41,
63-65
thrombus, I7
Rigb.t atrial to superior vena cava oonnection,
vegetation in, 36--37
Rigb.t atrium (RA)
clot compressing, I 02-I 03
enlarged, ll 0, ll2
masses in, 63-65
sarcoma of, 63-64, 65/
vegetationin,36-37
Rigb.t coronary artery (RCA), occlusion of, 2
Rigb.t cubiral vein, 147-148, 147[, 148[

Right heart catheterization, 53, 112
Right-to-left shunt, llO, ll2, 144
Right ventricle (RV)
dilated, 134, 136
enlarged, llO, l12
underfilled, 102-103
Right ventricular hypertrophy (RVH), 27, 29,
161, 164
Right ventricular outB.ow tract (RYOT),
obstruction of, 161, 164
Right ventricular pressure overload, 14, 16, 27,
29
Right ventricular volume overload, 14, 16, 27,
29
Ross procedure, 9
modified, 5-6
Ruptured anterolateral papillary muscle, 84-85
RY. See Right ventricle
RY fnlctional area change, 45-46
RYH. See Right ventricular hypertrophy
RY/LY end-<liastolic diameter ratio, 45-46
RYOT. See Right ventricular outB.ow tract
Saline contrast bubble srudy, 39-41
SAM. See Systolic anterior motion of the mitm.l
valve
Saphenous vein graft, I38
Secundum atrial defect, 51-53, 112
Sepral ocduder device, 72, II2
Septic shock, 36, I33
Serotonin, 97
Shortness ofbm.th, 7-9, 119
atrial fibrillation with, 51-55
with chest discomfOrt and abdominal pain, 83
following sutgcry, 45-46
lung cancer with, 169-170
after mitm.l valve repair, 117
Sinus venous defects, superior, 111, 112
Small aortic root, 100-101
Small bowel obstruction, 132
Splenic infuction, 48
Spongiform cardiomyopathy, 47
Srarus post mitm.l valve replacement, 134
Stenting, 117-ll8
Sr. Jude Medical aonic valve, 56
Sr. Jude Medical mitm.l valve, 69, 70, 86
Strepwcoccus Abiot1'ophUI, 50
Stress echo
for aortic stenosis, 115-116
for DOE, 91-92
in kidney donation preparation, 63
Stress-induced cardiomyopathy, 132-133
ST segment devation myocardial infarction, 68
Subaonic membrane, 79-80
Subvalvular apparatus, 25
Subvalvular membrane, 3-4
Sudden cardiac death
in family history, 32-35
risk factors, 35
Superior sinus venous defect, Ill, 112
Superior vena cava (SVC)
persistentleft, I47-I48
right atrial mass obstructing, 40, 4I
Surgical myectomy, 34, 35
SYC. See Superior vena cava
Symptomatic aortic stenosis, 152-153

Syncope
with bruised sternum, 47

myxoma causing, 12-13, 43
sudden cardiac death and, 35
Systemic amyloid, 155
Systemic lupus erythematosus, 19
Systolic anterior motion of the mitral valve
(SAM), 32, 35, 139, 141, 166
Systolidlow reversal, 33, 34, 157
Tachy-brady syndrome, 167-168
Tachycardia, 66
Talcotsubo cardiomyopathy, 133, 166
Tethering of mitm.l apparatUs, 166
TetralogyofFallot, 161,162,164
Thermal ablation, 62
Thoracentesis, 66-67
Thromboembolism, 128
Thrombolysis, 70
Thrombosis
deep vein, 68
prosthetic valve, 70
in stenotic mechanical valve, 128
Thrombus
aortic valve oedusion, 44
CCMA confused with, 95
on ocduder, 59-60
pulmonary artery, 28, 29
recanaliud, I38
as right atrial mass, I7
TR. See Tricuspid rcgurgiration
Transient ischemic attack, 59-60, 90
thromboembolism causing, 128
Triatumiruu:, 90
Tricuspid aonic valve, 151
Tricuspid rcgurgiration (TR), 28, 29
abdominal bloating and, 97
hemoptysis and, 14, 16
hypertension and, 156-157
systolic flow reversal in, 157
Tricuspid valve, 2
fibrosis of, 97
pressure gradient, 156-157
rheumatic disease of, 23, 25
Trileaflet aonic valve, 9
Trypa1WSOma crru:i, 90, 109
Tyrosine kinase receptor, platelet-<lerivcd growth
f2cto receptors, 114
Underfilled RV, 102-103
Unicommissural aonic valve, 7-9
Unicuspid aortic valve, 9
Upper respiratory complaints, 113-114
Yalsalva aneurysm, 76
Valve replacement
aortic, 124
aortic valve, 98, 115, I 58
aortic abscess and, I 52-I 53
CABG and, 96
after endocarditis, 76
indications for, I23-I24
percuraneous, ll5-II6
in severe AR. 48-49
complications of, 88
indications for, 124
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mitral valve:
with anticoagulation therapy, 127-128
after endocarditis, 86
endocarditis and, 134--136
hypon:nsion and, 102-103
paravalvular leaks after, 88
reconstruction, 126
ruptured leaHet and, 145-146
redo procedures, 88
Valvular jets, 121

Vancomycin, 152-153
Vc:ptions, 19
aortic valve:, 169
right atrial, 36-37
Ventricular septal defect (VSD)
in congenital heart disease, 30, 31
endocarditis after repair of, 10-11
heart murmur and, 161, 162/. 163/. 164
muscular, 14--16
PLSVC and, 148

Viral myocarditis, 44
Volume: overload, 167
VSD. See Ventricular septal de:~
V wave: cutoffsign, 85
Warfarin, 94
Watchman druure device, 62
Weakness, 10-11
Weight loss, 39, 48, 77
Wllkins score, 25

CASE 76
Increasing Dyspnea, Chest Pain, and Low-Grade Fevers

T

his patient is a 16-year-old girl who had increasing dyspnea, chest pain, and low-grade fevers.
Echocardiography was taken to investigate her cardiac function (Figs. 76-1 and 76-2, Videos 76-1
and 76-2).

QUESTION 1. These transthoracic echocardiograms
showed:
A. Severe left ventricular (LV) dysfunction and
normal right ventricular function
B. Normal LV cavity size and normal LV
function
C. Dilated left ventricle
D. Severe LV dysfunction and severe right ventricular dysfunction

Figure 76-1.

Figure 76-2..

QUESTION 2. Her diagnosis was eosinophilic
myocarditis (pathology confirmed this diagnosis)
(Fig. 76-3 and Video 76-3). What would be the best
choice of management among the following?
A. Left ventricular assist device (LVAD)
B. Right ventricular assist device (RVAD)
C. Biventricular assist device (BiVAD)
D. Dor procedwc

COMPLEX CASES IN ECHOCARDIOGRAPHY

Figure 76·3.
Figure 76·5.

Figure 76-4.

QUESTION 3. A little less than 3 weeks after the
implantation. her cardiac function progressivdy im·
proved and her LV was ejecting beyond the LVAD
support. The surgeon and cardiologist discussed her
situation and decided. that it was appropriate to
remove the device. What do you see in Figures 76-4
and 76·5 and Videos 764 and 76·5 after the removal
ofBiVAD?
A. Normal LV size and improved LV function
B. No change in LV function
C. Severe tricuspid regurgitation (TR)
D. Severe mitral regurgitation (MR)

CASE 76

Answers
ANSWER 1: D. The parasternal and apical fourchamber views demonstrate a normal sized left ventricle
and severe LV dysfunction. Right ventricular function
seems severely reduced.
ANSWER 2: c Prognosis of LVAD in patients with biventricular failure is ominous. Based on the echocardiography, which showed biventricular failure, BiVAD
should be chosen for the optimal care. Dor procedure
would be indicated for patients with LV dysfunction and
LV apical aneurysms.

Suggested Reading
Gorc&UI. J In, Seveey:n. D, Murall S, et al. Non-invasive asseJsment
of myocardial reccm:ry on chronic left venuicular assist device:
Results associated with successful device removal. J Hu.rt Lung

Tnmspl4nt. 2003:22:1304-1313.

ANSWER 3: A. No TR is seen. Severe MR is not seen
either. LV function was improved as compared to
Figures 76-1 and 76-2.

CASE 77
Malaise and Fevers

A

24-year-old man presents with 2 weeks of malaise and fevers after a routine dental cleaning. A murmur is heard on examination, and the patient is referred for a transthoracic echocardiogram (TIE)
(Videos 77-1 and 77-2 and Fig. 77-1}.

QUESTION 2. Which ofthe following are indicative
of severe aortic regwgitation (AR)?
A. The width of the aortic regurgitant jet in the
left ventricular outflow tract (LVOT)
B. Diastolic How reversal in the descending aorta
C. Presence of a bicuspid aortic valve
D. Presence ofa dilated aorta and left ventricle (LV)
E. Both the width of the aortic regurgitant jet in
the LOVI' and diastolic How reversal in the
descending aorta
Figure 77-1.

QUESTION 1. In addition to blood cultures and admission for antibiotics, careful assessment for this
condition should be made:
A. Mitral stenosis
B. Marfan syndrome
C. Bicuspid aortic valve
D. None of the options

QUESTION 3. See Videos 77-3 to 77-5. Which of
the following is not uue?
A. There is a discrete subaortic membrane
B. There is a vegetation
C. There are multiple sites of aortic valve perforation by transesopbageal echocardiogram
(TEE) 2D color Doppler
D. There are multiple sites of aortic valve perforation by live 3D TEE

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answers
ANSWER I: C Patients with bicuspid aortic valve are at
an increased risk: for spontaneous bacterial endocarditis.

ANSWER 3: A. There is not a discrete subaortic
membrane.

ANSWER 2t E. The width of the aortic regurgitant jet
in the LOVT and diastolic flow reversal in the descending
aorta are correct-see American Society of Echocardiography criteria for severity of valve regurgitation
(Table 77-1 ). Bicuspid valve does not mean severe AR.
Dilated aorta and LV are consistent with chronic severe
AR but not indicative.

TABLE 77-1. Qualitative and Quantitative Parameters Useful in Grading Aortic

Regurgitation Severity
Struc.tural parameters
LA size
Aortic leaflets

Mild

Moderate

Severe

Normal*
Normal or abnormal

Normal or dilated
Normal or abnormal

Usually dilated**
Abnormal/flail, or wide
coaptation defect

Doppler parameters
Jet width in LVOT-Color
Small in central jets
Large in central jets;
Intermediate
Flow'
variable in eccentric jets
Jet density-cw
Incomplete or faint
Dense
Dense
Medium 500-200
Steep< 200
Jet deceleration rateSlow> 500
CW (PHT, ms)•
Diastolic flow reversal in
Brief, early diastolic
Intermediate
Prominent holodiastolic
descending aorta-PW
reversal
reversal
Quantitative parameters"
VC width, cmt
0.3-0.60
<0.3
>0.6
25-45
46-64
~65
Jet width/LVOT width, %'
<25
5-20
21-59
Jet CSAILVOT CSA, %'
<5
~60
45-59
R Vol, mVbeat
30-44
~60
<30
30-39
40-49
RF,%
~so
<30
~0.30
EROA, cm 2
<0.10
0.10-0.19 0.2Q-0.29
AR, Aortic ~gurgitation; CSA, cross sectional area; cw, continuous wave Doppler; EROA, effective regurgitant orifice area;
LV, left ventricle; LVOT, left ventricular outflow tract; PHT", pressure half-time; PW, pulsed wave Doppler; R \ftl, regurgitant volume;
RF, regurgitant fraction; VC, vena contracta.
*Unless there are other reasons for LV dilation. Normal 20 measurements: LV minor axis :s 2.8 crnlrr?-, LV en~dicmolic volume
:s 82 mVm2 (2).
**Exception: would be acute AR, in which chambers have not had time to dilate.
t At a Nvquist limit of So-60 ants.
Reprinted from ZOghbi WA, Enriquez-Sarano M, Foster E, et al. Recommendations for evaluation of the severity of native valvular
regurgitation with two-dimensional and Doppler echocardiography. JAm Soc Echocardiogr. 2003; 16:777~02, with permission from
Elsevier.

Suggested Reading
Lamas CC, Eykyn SJ. Bicuspid

aortic valve-a silent danger:
analysis of 50 C"aSe8 of iMctive endocarditis. Clin Infect Dis.
2000;30:336-341.

CASE 78
Shortness of Breath and Pleuritic Chest Pain

T

he patient is a 25-year-old woman with shortness of breath and pleuritic chest pain who presented
to the emergency department.
The patient had been an intravenous (IV) drug user, stopped for 2 years, and then 2 months ago she
resumed N drug use. Four days ago she had a temperature of 103°F with body aches and dizziness. The
following day, she developed shortness of breath.
Her physical examination is as follows:
GENERAL: A thin, young female.
VITAL SIGNS: Temp 98, BP 110/68, HR 96, RR 20 with room air.
NECK: Supple. NoJVD.
CHEST: Clear to auscultation bilaterally.
HEART: Regular rate and rhythm. No appreciable murmurs.
ABDOMEN: Soft. Tenderness in the epigastric area.
EXTREMITIES: No cyanosis or edema.
LABORATORY DATA: White blood cell count was 11.5, hemoglobin 11.0.
Blood cultures drawn on admission showed MRSA in 2/2 botdes.
Chest x-ray on 11/04 shows no cardiomegaly but mild slight pulmonary congestion.
ECG on admission (Fig. 78-1): Sinus tachycardia, HR 106.
See Figures 78-2 to 78-6 and Videos 78-1 to 78-S.
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Figura 78-1.

QUESTION 1. What do you suspect as a cause of
her shortness of breath?
A. Myocarditis
B. Endocarditis
C. Cardiac tamponade
D. Hypertrophic cardiomyopathy

Figure 78-2. Transesophageal echocardiogram
(TEE), four-chamber view, showing normalappearing left ventricle, right ventricle, mitral
valve, and tricuspid valve.
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Figure 78·3. TEE, long-axis view, showing normal·
appearing mitral valve and aortic valve.

Figun~

78-5. TEE image showing a vegetation
attached on the tricuspid chordae.

Figure 78-4. TEE image showing severe tricuspid
regurgitation {TR) due to flail.

Figure 78·6. TEE image showing the vegetation
and flail of the tricuspid valve leaflet.

CASE 78

Answer
ANSWER I: B. Normal left ventricular {LV) function and
a normal electrocardiogram (EC G) are not consistent with
myocarditis. A vegetation is seen on the tricuspid valve.
No pericardia! effusion is found. No LV hypertrophy is
found. This patient has severe TR due to endocarditis
associated with IV drug abuse. Staphylococcus aureus,
including methicillin-resistant S. aureus {MRSA) is a common cause of tricuspid valve endocarditis.

Suggested Readings
Fernandez Guenuo ML, Gonzalez Lopez JJ, Goyenechea A, et al.
Endocarditis caused by Staphylococcus aureus: a reappraisal of
the epidemiologic, clinical, and pathologic mani.fuw.ions with
analysis of factolS determining outcome. Mtdidnt. 2009;88:
1-22.
Fowler VG Jr, Miro JM, Hoen B, et al. Staphylococx:us aureus en·
dOQtditis: a consequence of medical pro~. JAMA. 2005;
293:3012-3021.

Symptoms in patients with right-sided endocarditis
due toS. aureus include fever(91 %), bodyaches(84%),
chest pain (61 %), and dyspnea (28%) which were all
present in the current case. With blood culture positive
for MRSA (2/2 bottles) in an IV drug user, even before
TEE, right-sided endocarditis is expected clinically.

CASE 79
Chronic Anemia

T

he patient is a 26-year-old. man with chronic anemia and a history ofmore than 100 blood transfusions
(Fig. 79-1).

QUESTION 1. The echocardiogram findings in this
case (Videos 79-1 to 79-4) are most consistent with:
A. Idiopathic dilated cardiomyopathy
B. Amyloidosis
C. Hemochromatosis
D. Tak:otsubo cardiomyopathy

Figure 79-1. 12-lead electrocardiogram (ECG).

Answer
ANSWER 1: c. The echo findings in this case are most
consistent with hemochromatosis.
There is often a dilated left ventricle (LV) with reduced
LV systolic function. Biatrial enlargement is common.
Unlike infiltration caused by amyloid, with iron overload,
there is no increase in normal LV or right ventricular (RV)
wall thickness. There is varying degrees of mitral and
tricuspid regurgitation. The severity of LV dysfunction is
often proportional to the amount of iron in deposition
in the myocardium. If congestive heart failure is present,
the Doppler mitral valve filling pattern is generally restrictive. The major differential diagnosis is with dilated
cardiomyopathy. Serum ferritin and serum transferrin
saturation are useful to make the diagnosis of iron overload. Figure 79-2 shows an iron stain on a gross slice of
LVIRV myocardium. Inset shows the histology with an
iron stain.

Suggested Reading
Obon LJ, Baldus WP, Tajik AJ. Ecltocardiographic features of idiopathic hemochromatosis. Am] CarJioL 1987;60:885-889.

Figure 79-2.

CASE 80
Dilated Cardiomyopathy and Lupus

A

27-year-old woman with a 3- to 4-year history of dilated cardiomyopathy and lupus--complicated
by diffuse proliferative glomerulonephritis, hypertension, stroke, and transient ischemic attacks
(TIAs)-was seen by cardiology for congestive heart failure (CHF) exacerbation.

Figure 80-3.

Figure 80-1.

QUESTION 1. She had a transthoracic echocardiogram done (Fig. 80-1 and Video 80-1) which showed:
A. An ejection fraction (EF) of 20%
B. An EF of 40%
C. An EF of 60%
D. AnEFof5%

QUESTION 2. Figure 80-2 and Video 80-2 show:
A. Mild mitral regurgitation (MR)
B. Moderate MR
C. Severe MR due to mitral valve prolapse
D. Severe MR due to restrictive mitralleaHet
motion (tethering)

Figure 80-2.

QUESTION 3. Figwe 80-3 and Video 80-3 are
postprocedure echo images. What was done for her
severe MR?

A. Mitral valve replacement with a tissue valve
B. Mitral valve replacement with a mechanical
valve
C. MitraClip procedure
D . Mitral valve annuloplasty ring

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answers
ANSWER I: .A.. The Simpson biplane method gave an
EF of 21%.
ANSWER 2: D. The severity of mitral regurgitation
{MR} is severe. The MR jet area is more than 40% of the
left atrial size and other supportive findings included a
large proximal isovelocity surface area {PISA}, pulmonary
vein flow reversal, and a large vena contract{> 0.7 em).
This patient has dilated left ventricular (LV) and diffuse severe hypokinesis and tethering of the mitral leaflet but not prolapse.

Suggested Readings
Bitter S, Perk G, Kat S, et al. Utility of combi.tted two-dime11$ional
and thn:e-d.ime.os.ional t.ransesophageal imaging for catheterbased mitral valve dip repair of mitral regurgitation. ] Am Soc

EthOCilrrlifJgr. 2011;24:611-617.

ANSWER 3: C. The central portion of the mitral valve
has a high density echo image, which is demonstrating
a MitraCiip.
In selected patients with severe MR, percutaneous
mitral repair can be an alternative to cardiac surgery.
The MitraCiip system uses a clip to replicate the Alfieri
surgical suture-based approach to treat MR. Echocardiography is essential for this procedure for patient
selection, procedural guidance, and assessment of MR
and followup.

Siegel RJ, Biner S,lWiqueAM, etal. The acute hemodynamic effects
ofMitraClip therapy.] Am CoO CMJiol. 2011;57:1658-1665.
Whitlow PL, Feldman T, Pedersen WR, et al. Acute and 12-month
results with catheter-based mitral valve leaBet repair: the
EVEREST II (Endovascula.r Valve Edge-to-Edge Repair) high
risk study.] Am Coli C4rtliol. 2012;59:130-139.

CASE 81
Transient Ischemic Attack Posttherapeutic Abortion

T

he patient has a history of mitral valve prolapse. She underwent a therapeutic abortion 4 weeks
ago. Prior to the abortion, she received no endocarditis prophylaxis. For the past 2 weeks, she has
had night sweats and arthralgias. She is now admitted to the hospital because of a transient ischemic attack. An echocardiogram was done to evaluate ifthere is an embolic source (Video 81-1). A transthoracic
echocard.iogram (TTE) showed mitral valve prolapse and moderate mitral regurgitation. No vegetation
was seen. Therefore, a transesophageal echocardiogram (TEE) was done (Video 81-2).

QUESTION 1. What other test(s) should be done?
A. Magnetic resonance imaging
B. Blood cultures
C. Sedimentation rate
D. Creactive protein (CRP) level

Answer
ANSWER 1: B. Blood cultures are the key to the diagnosis of endocarditis; elevated sedimentation rate and
CRP are supportive but not diagnostic.
In this case, there should have been a high level of suspicion for endocarditis in view of the history of 2 weeks of
night sweats, arthralgias, and a transient ischemic attack.
Unfortunately in this case, no blood cultures were done

and blood cultures are the standard way of making the
diagnosis of endocarditis. The TEE in this case is abnormal
if not diagnostic for endocarditis (Table 81-1 ). Three weeks
after the TEE, the patient had a major stroke and subsequently died due to endocarditis. If a TEE is not diagnostic
and suspicion for endocarditis is high, the test should be
repeated in 5 to 10 days (Tables 81-2 and 81-3).

TABLE 81-1. Endocarditis and Echo Facts

TABLE 81-2. Transesophageal Echocardiogram and Embolic Risk

• TEE sensitivity 92%-94% versus TTE 46%-79%
• TEE/TTE specificity is similar: 96% versus 95%
• TEE class I indication for prosthetic valve endocarditis
and assessing complications
• False (+): strands, excrescences, chordae
• False (-): too early, vegetation embolized, perforations can be missed, need to repeat in 5-10 days if
suspicion high for infective endocarditis.

Size

Embolic Risk

< 10mm
> 10mm

19%
47% 1

~1Smm

70%

~

83%2

15 mm and highly mobile

Moderate to severely mobile
Low mobility

62%
20%

Importantly, embolization rates decreased with time on antibiotic;.
Only 24% of emboli occur after antibiotics started.

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answer
TABLE 81-3. Transesophageal Echocardiogram and Embolic Risk at 4 to 8 Weeks of Treatment
Size Change at 4 to 8 Weeks
of Treatmentl
Increase
Decrease

Embolic Risk

Abscess

Valve Replacement

Death

47%

13%

45%

10%

17%

2%

2%

0%
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CASE 82
Progressively Worsening Dyspnea on Exertion
36-year-old man presents with a 1-year history of progressively worsening dyspnea on exenion. He
has a history of cardiac surgery as a child for congenital heart disease but has been well most of his
adult life until recently.
On physical exam, his blood presswe is 125/76 mm Hg and pulse is 90 beats per minute and regular.
Neck veins are Hat. Carotid pulses are normal. Lungs are clear to auscultation bilaterally. Cardiac exam
reveals a well-healed midline scar, a normal S1 and prominent P2 with a right parasternal lift. There is a
3/6 holosystolic mwmw in the right lower sternal border that is nonradiating and does not increase with
inspiration. Extremities are warm with no peripheral edema.
.Echocardiography is performed to evaluate left ventricular (LV) systolic function (Videos 82-1 to 82-5).

A

QUESTION 1. The underlying diagnosis at birth
was most likely:

A. D-transposition of the great vessels
B. L-transposition of the great vessels
C. Hypoplastic left hean syndrome
D. Tetralogy of Fallot
E. Truncus arteriosus

QUESTION 2. The most likely corrective procedure
that was performed was:

A. Arterial switch Oatene procedure)
B. Balloon atrial septostomy (Rashkind
procedure)
C. Atrial switch (Senning!Mu.stard procedure)
D. Fontan procedure
E. Blalock-Taussig shunt

QUESTION 3. The most likely reason for the
patient's dyspnea on exenion is:
A.
B.
C.
D.
E.

Baffie obstruction
Systemic ventricular failwe
Ventricular dyssynchrony
Pulmonary aneriolar hypertension
Complete heart block

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answers
ANSWER I: .A. This is a patient with D-type transposition of the great vessels. This is apparent on the parasternal long-axis view where the normal aorto-mitral
continuity and intervalvular fibrosa are absent. Instead,
the left ventricle is connected to the pulmonary artery.
The right ventricle is connected to the aorta, which is
anterior and to the right of the pulmonary artery (hence
D-TGA). Another characteristic of D-TGA is that the
ventricles are in their normal anatomic positions in the
apical four-chamber view.
ANSWER 2: C This patient underwent an atrial switch
procedure called the Senning procedure in which the
interatrial septum is removed and a baffle is placed in
the common atrial chamber, diverting systemic venous
blood into the left atrium and left ventricle while diverting pulmonary venous blood into the right ventricle. The
baffles are evident on the apical four-chamber view and
color flow highlights the differential flow patterns of
arterial and venous blood.

Suggested Reading
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ANSWER 3: B. Patients who undergo atrial switch procedures have a right ventricle that is carrying oxygenated blood and pumping against the resistance of the
aorta and systemic circulation. These patients eventually
develop systemic ventricular failure that may necessitate
cardiac transplantation. This is why the atrial switch procedures are not performed today for D-TGA and have
been largely replaced by the arterial switch (Jatene
procedure).

CASE 83
Elective Aortic Valve Replacement

A

38-year-old man with a 5-year history ofworsening dyspnea on exertion is to undergo elective aortic
valve replacement.
Physical exam reveals a well-appearing 38-year-old man in no acute distress. Vital signs: blood pressure
140/60 mm Hg, pulse 90 beats per minute, and respiratory rate 18 breaths per minute. Apical impulse is
displaced to the midaxillary line. There is a blowing 2/4 middiastolic murmur heard best in the left lower
sternal border. Peripheral pulses are bounding.
Transesophageal echocardiography is performed in the operating room (Videos 83-1 to 83-3).

QUESTION 1. The most likely diagnosis is:
A. Unicuspid aortic valve
B. Bicuspid aortic valve
C. Congenital aortic stenosis
D. Supravalvar aortic stenosis
E. Discrete subaortic stenosis

QUESTION 2. This patient is at increased risk for:
A. Aortic stenosis
B. Coarctation of the aorta
C. Ascending aortic aneurysm
D. Aortic regurgitation
E. All of the options

Answers
ANSWER 1: A. The transesophageal echocardiogram
demonstrates a unicuspid aortic valve with a single commissure, or connection, to the lateral aspect of the aortic
annulus. There are two small raphes along the anterior
aspect of the large single cusp. Unicuspid aortic valves have
two variants: the acommissural variant with a single central
orifice and no lateral connection to the aortic annulus and
a unicommissural variant, as shown in this case.

Suggested Reading
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ANSWER 2: E. Patients with unicuspid and bicuspid
aortic valve and their first-degree relatives have an
associated ascending aortopathy, placing them at
increased risk of aortic root dilatation and aortic
dissection. Unicuspid and bicuspid valves are also more
prone to early degeneration, which may result in aortic
stenosis and aortic insufficiency.

CASE 84
Low-Grade Fever

T

he patient is a 38-year-old woman with a low-grade fever and a history of a prior deep vein
thrombosis (DVf), pulmonary embolus, and hypercoagulable state.

QUESTION 1. This motion-mode (M-mode) echocardiogram (Fig. 84-1) is consistent with which ofthe
following:

Figura 84-1.

A. Left atrial myxoma
B. Infective endocarditis
C. A left atrial clot
D. A tumor entering the left atrium from a
pulmonary vein
E. All of the options

QUESTION 2. Based on Videos 84-1 to 84-3 and
Figure 84-2, which is/are the least likely diagnosis/
diagnoses?
A. Left atrial myxoma
B. Infective endocarditis
C. A left atrial clot
D. A tumor entering the left atrium from a
pulmonary vein
E. Infective endocarditis and a left atrial clot
F. Left atrial myxoma and a tumor entering the
left atrium from a pulmonary vein

QUESTION 3. The patient developed a pulsdess
leftlower extremity. A traruesophageal echocardiogram
Figura 84-2.

(TEE) was done in the operating room at the time of
embolectomy {Videos 84-4 to 84-6).
Which are true? The TEE demonstrates:
A. No residual mass
B. Evidence of a patent foramen ovale (PFO)
C. Both options are true

QUESTION 4. The most likely diagnosis of the
mass 1s a:
A. Clot
B. Vegetation

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answers
ANSWER 1: B. On the M-mode of the mitral valve,
multiple echo reverberations are seen between the anterior and posterior leaflet during diastole. These echo
reverberations are consistent with a mass, entering the
mitral orifice during diastole. The mass could be a myxoma, a vegetation, tumor, or clot.
ANSWER2: B. As the mass is not attached to the atrial
septum, it is unlikely to be a myxoma. Moreover, the
pulmonary veins are well seen and there is no tumor
seen emanating from the left or right pulmonary veins.
Therefore, infective endocarditis and a left atrial clot are
possible.

Suggested Reading
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ent foramen GYil.e i.b patients with parul.oxic;l embolism: long-term
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ANSWER 3: C. There is no residual mass. There is a
positive bubble study confirming a PFO.
ANSWER 4: A. This patient had a hypercoagulable
state. She had a history of DVT. It is most likely that the
mass represents a clot from the leg that embolized to
the right atrium and then crossed the PFO into the left
atrium. She then embolized the clot to her leg. This clot
was then surgically removed.

CASE 85
Stroke Resulting in Neurologic Neglect

P

atient is a 42-year-old woman with a stroke resulting in a newologic neglect of her left side.
Clinical evaluation did not reveal a sowce of the cerebral ischemic event, but a patent foramen
ovale (PFO) was diagnosed. A decision was made to close the PFO interventionally with a device.
Videos 85-1 and 85-2 and Figures 85-1 to 85-3 illustrate the morphology of the interatrial septum
and the PFO.

Figure 85-1. 20 transesophageal echocardiogram
{TEE), long-axis (LAX) view 130°.

Figure 85-4. 3D TEE, enface view from the left
atrial (LA) side.

QUESTION 1. What are the characteristics of this
interatrial septum which have to be taken into account
for the closure procedure {sdect all that apply)?
A.
B.
C.
D.
E.
Figure 85-2. 20 TEE, LAX view 101° with color
Doppler.

Thin septum primum
Thin septum secundum
Thick septum primum
Thick septum secundum
Atrial septum aneurysm (ASA)
F. Deficient inferior vena cava (IVC) rim
G. Deficient aortic rim
H. Deficient superior vena cava (SVC) rim

QUESTION 2. Figure 85-4 and Video 85-3 show
the .final occluder position from a LA aspect in the 3D
TEE. The occluder is still attached to the delivery cable. Is this a correct device position?

A. Yes, the device positon is correct; the occluder
can be released
B. No, the device postition is incorrect; the
device should be retrieved

Figure 85-3. 20 TEE, short-axis (SAX) view 35G.

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answers
ANSWER 1: A. D, E, G. This patient has a thin and
floppy aneurysmal septum primum, which may complicate a stable device position during a procedure. The
septum secundum is thickened; this may lead to difficulties in capturing this septum from both sides with the
right and LA disks. In addition, the anterior rim is missing. The SVC and IVC rims are present.
The TEE in Figure 85-5 demonstrates the IVC, SVC,
and aortic rims of the atrial septum.
In the LAX view, the IVC and SVC rims are named,
and the septum primum and secundum are defined.
In the SAX view, the deficient aortic rim is marked.
In the patient, a total excursion of 12 mm was measured in the TEE, indicating an ASA according to this
definition.
We define an atrial septum as aneurysmal (ASA)
when the total septal excursion is ;;"!! 10 mm (Fig. 85-6).

AN9WER2: B. The LA disk of the 25 mm Amplatzer PFO
occluder is smaller than the right atrial side. On this 3D
TIE enface image, the LA disk and the entire rim of the
right atrial disk are seen, indicating that this is not a correct device position. Therefore, the device position is incorrect. The 20 TEE image (Video 85-4 and Fig. 85-7, LAX
view) illustrates that the occluder slipped into the PFO
tunnel, and the septum secundum was not embraced by
the two disks. Therefore, this device was retrieved.
Subsequently, in a second attempt to place the
device, a 30 mm rather than a 25 mm Amplatzer PFO
occluder was selected. The following images demonstate a correct postion of this larger device. In the 2D
TEE LAX view (Video 85-5 and Fig. 85-8), both disks embrace the septum secundum. In the 3D TEE enface view
from the LA side (Video 85-6 and Fig. 85-9), only the LA
disk can be identified. In the 2D TEE SAX view (Video
85-7 and Fig. 85-1 0), the device is properly positioned,
despite the missing aortic rim.

A
B
Figure 85·5A,B. Ao, aorta; IVC, inferior vena cava; LA, left atrium; RA, right atrium; SVC, superior vena
cava

CASE 85

Answers

Figure 85-6. In this patient, the red (a) and green (c) arrows demonstrate the septal excursion which
was 12 mm as measured by TEE. The purple arrow (b) represents the length of the aneurysmal septum.
(Adapted from Mugge A. Daniel W, Angermann C, et al. Atrial septal aneurysm in adult patients: a multicenter study using transthoracic and transesophageal echocardiography. Circulation. 1995;91 :2785-2792.)

Figure 85·7.

Figure 85·9.

Figure 85·8.

Figure 85-10.

Suggested Reading
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CASE 86
Repair of Transposition of the Great Arteries

A

45-year-old female patient had a repair of transposition of the great arteries (TGA) at the age of 14.

At the same time, an atrial septal defect (ASD) was closed by direct suture and an additional ven-

tricular septal defect (VSD) was closed with a patch. In the past few years, she has devdoped increasing
dyspnea upon exertion. The physical exam revealed a heart murmur.

QUESTION I. Based on Figure 86-1 , what causes
the heart murmur?
A. Mitral regurgitation
B. lnterauial septal defect
C. VSD
D. Shunt between the anatomical rightvenuicle
(RV) and left atrium (LA)

E. Partial atrioventricular septal defect (AVSD)

Figure ~1. 20 transesophageal echocardiogram in
a four-chamber view with and without color Doppler.

Answer
ANSWER 1: D. Mitral regurgitation can be identified,
but the major problem is a shunt originating from the

anatomical RV and leading to the LA. The shunt is
marked with a white arrow in Figure 86-2.

Figura 86-2. The white arrow marks the direction
of the shunt flow from the anatomical RV to the LA.

Suggested Reading
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CASE 87
Exertional Chest Pressure and Decreased Exercise Capacity

A

45-year-old man with no significant past medical history presents with worsening symptoms of
exertional chest presswe. He has also noted worsening dyspnea and a decreased exercise capacity.
Physical exam is remarkable for a well-appearing 45-year-old man in no acute distress. Neck veins
are flat and lungs are clear to auscultation. Cardiac exam reveals a forceful point of maximum impulse
displaced to the anterior axillary line. There is a normal S1 and S2 with an apical S4 gallop. There are no
murmurs. There is no peripheral edema and pulses are full and symmetric.
The patient's dectrocardiogram (ECG) (Fig. 87-1) and transthoracic echocardiogram (Videos 87-1 to
87-4) are shown.

QUESTION I. Which of the following is the best
treatment option for the patient?
A. Urgent cardiac catheterization and coronary
angiography
B. Exercise single-photon emission computed
tomography myocardial perfusion scan
C. Repeat echocardiogram with contrast
D. Exercise stress echocardiograpby
E. Dobutamine stress echocardiography
Figure 87-1.

QUESTION 2. Which of the following is the most
likely diagnosis?
A. Acute anterior wall myocardial infarction
B. Tak:otsubo cardiomyopathy
C. Hypertensive cardiomyopathy
D. Apical variant of hypertrophic cardiomyopathy
E. Eosinophilic cardiomyopathy

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answers
ANSWER 1. c Exertional chest discomfort should
raise the suspicion of ischemic heart disease. Echocardiography can guide the clinician in the management of
a patient with a chest pain syndrome by helping the
clinician to identify overall left ventricular (LV) function,
regional wall motion abnormalities, and underlying valvular heart disease.
This patient has diffuse T-wave inversions on ECG
but no corresponding regional wall motion abnormalities. On the resting echocardiogram, there is normal LV
function with LV hypertrophy and no evident wall motion abnormalities. However, the apical endocardium is
poorly visualized. Before proceeding with noninvasive
stress testing, an improved assessment of LV function
and regional wall motion should be obtained using contrast echocardiography (Videos 87-5 and 87-6). There is
no indication for urgent cardiac catheterization in this
stable patient with no evidence of ST-segment elevation
on the ECG.

Suggested Reading
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ANSWER 2. D. The contrast-enhanced echocardiographic images and ECG reveal the diagnosis of apical
variant of hypertrophic cardiomyopathy. There is a characteristic spade-shaped appearance of the LV cavity in
diastole with complete obliteration of the apex in systole. This syndrome is an important differential diagnosis
in patients presenting with exertional chest discomfort
and its correct identification with echocardiography can
avoid unnecessary downstream testing.

CASE 88
Congestive Heart Failure with Hypertension
45-year-old man with congestive heart failure (CHF) has previously presented with hypertension.
His father died at age 48 from CHF. His mother died at age 40 of unknown cause. Four siblings
are healthy.
Blood pressure is 100/70 mm Hg and heart rate is 82 beats per minute. Jugular venous pressure is 8
em, point of maximum impulse is displaced laterally, right ventricular heave is present, and an S3 gallop
is appreciated. The liver appears enlarged, and there is 2 + pretibial edema.

A

QUESTION 1. Based on Videos 88-1 to 88-3, the
etiology for the cardiomyopathy may be:
A. Hypertensive heart disease
B. Idiopathic cardiomyopathy
C. Noncompaction cardiomyopathy
D. All of the options
E. None of the options

QUESTION 2. Based on Videos 88-3 to 88-6, the
etiology is most likdy:
A. Hypertensive heart disease
B. Idiopathic cardiomyopathy
C. Noncompaction cardiomyopathy
D. All of the options
E. None of the options

Answers
ANSWER 1: D. The echocardiogram demonstrates a
dilated left ventricle and markedly decreased biventricular systolic function. In limited views, there is no evidence
of mitral or aortic valve disease. There is, however, evidence of left ventricular hypertrophy. Noncompaction
cannot be excluded and often mimics hypertensive
cardiomyopathy.
ANSWER 2: C The patient demonstrates echocardiographic evidence of noncompaction cardiomyopathy
where the ratio of noncompacted to compacted myocardium is 2:1 in end-systole and where sinuses (intratrabecular recesses) are demonstrated both with and
without left ventricular contrast. It is caused by intrauterine arrest of compaction of the fetal myocardium.
Patients present with CHF, thromboembolism, and ventricular arrhythmias. An autopsy confirmed the diagnosis
(Fig. 88-1 ).

Suggested Reading
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Figure 88-1. Autopsy slide of noncompaction.

CASE 89
Transesophageal Echocardiogram

A

45-year-old woman undergoes uansesophageal echocardiography due to complaints of shonne.ss of
breath.

QUESTION 1. According to the TEE images shown

in Figure 89-1. At one time, the patient most lik.dy
had most of the following exapt:
A. Fever
B. Joint swelling and pain

C. Skin rash
D. Muscle weakness and uncoordinated
movements

E. Diarrhea
A

B

Figure 89·1A.B.

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answer
ANSWER I: E. This patient has mitral stenosis as evidenced by the characteristic "hockey stick" appearance
of the mitral leaflets.
Rheumatic heart disease is still the most common
cause of mitral stenosis in underdeveloped countries
and is often preceded by a history consistent with rheumatic fever.
Diarrhea is not one of the Jones' criteria for rheumatic
fever (Table 89-1 ).

TABLE 89-1. Criteria for Rheumatic Fever
Major criteria:
• Polyarthritis: A temporary migrating inflammation
of the large joints, usually starting in the legs and
migrating upward.
• Carditis: Inflammation of the heart muscle
(myocarditis), which can manifest as congestive
heart failure with shortness of breath, pericarditis
with a rub, or a new heart murmur.
• Subcutaneous nodules: Painless, firm collections
of collagen fibers over bones or tendons. They
commonly appear on the back of the wrist, the
outside elbow, and the front of the knees.
• Erythema marginatum: A long-lasting reddish
rash that begins on the trunk or arms as macules,
which spread outward and clear in the middle to
form rings, which continue to spread and coalesce
with other rings, ultimately taking on a snakelike
appearance. This rash typically spares the face and
is made worse with heat.
• Sydenham's chorea (St. Vitus' dance): A characteristic series of rapid movements without purpose
of the face and arms. This can occur very late in
the disease for at least 3 months from onset of
infection.

Minor aiteria:
• Fever: 38.2° to 38.9°( (1 01 o to 102°F)
• Arthralgia: Joint pain without swelling (cannot
be included if polyarthritis is present as a major
symptom)
• Raised erythrocyte sedimentation rate or C-reactive
protein
• Leukocytosis
• Electrocardiogram (ECG) showing features of heart
block, such as a prolonged PR interval (cannot be
included if carditis is present as a major symptom)
• Previous episode of rheumatic fever or inactive
heart disease

Suggested Reading
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CASE 90
Worsening Dyspnea on Exertion with Hypertension

A

46-year-old woman with no significant past medical history presents with a 1-year history of progressively worsening dyspnea on exertion. She was recendy diagnosed with hypertension. for which
she rakes 10 mg of arnlodipine daily.
On physical exam, her blood presswe is 166/85 mm Hg, and pulse is 75 beats per minute and regular.
Neck veins are Hat. Carotid pulses are normal. Lungs ate clear to auscultation bilaterally. Cardiac exam
reveals a normal S1, and a fixed, widdy split S2 with a right parasternal lift. There is a 2/6 midsystolic
mwmur in the left upper sternal border that is nonradiating and increases with inspiration. Extremities
are warm with no peripheral edema.
Echocard..iogtaphy is performed to evaluate left ventricular (LV) systolic function (Videos 90-1 and
90-2 and Fig. 90-1).

QUESTION 2. Which diagnostic study should be
performed next?
A. Stress echocardiogram to rule out ischemic
heart disease
B. Transesophageal echocardiogram
C. Myocardial perfusion single-photon emission
computed tomography
D. Computed tomography coronary angiography
E. Right and left heart catheterization

Figure 90-1.

QUESTION 1. The echocardiogram demonstrates
evidence of:

A. Right ventricular (RV) volume overload

B.
C.
D.
E.

RV pressure overload
RV pressure and volume overload
Normal pulmonary artery pressures
None of the options

QUESTION 3. See Videos 90-3 to 90-5. The most

likdy reason for the patient's dyspnea on exertion is:
A. Secundum atrial septal defect (ASD)
B. Coronary sinus ASD
C. Superior sinus venosus ASD
D. Primum ASD
E. N oncardiac dyspnea

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answers
ANSWER 1: A. The echocardiogram demonstrates evidence of normal LV systolic function with moderate RV
dilatation. There is flattening of the interventricular septum in diastole but not during systole, suggesting RV
volume overload. Tricuspid Doppler suggests that there
are mildly elevated pulmonary artery systolic pressures.

ANSWER 2: B. In any patient with dyspnea and unexplained RV dilatation and pulmonary hypertension on
transthoracic echocardiography, a transesophageal echocardiogram should be considered to better evaluate the
etiology of the RV dilatation and pulmonary hypertension. The physical exam suggests that an ASD may be
present, but it was not apparent on the initial transthoracic echocardiogram.

Suggested Reading
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ANSWER 3: c. The patient has evidence of a superior
sinus venosus ASD. These defects are typically located
high in the interatrial septum and may be missed on
transthoracic echocardiography. Transesophageal echocardiography is the best test to identify the anatomy
and flow across a suspected ASD.

CASE 91
Acute Myocardial Infarction

P

atient is a 48-year-old woman with past medical history ofan acute myocardial infarction in Occober
2010. At that point, angiography verified coronary heart disease, and percutaneous coronary intervention (PCI) ofthe right coronary artery was performed (left coronary artery 60%).
During a routine follow-up in June 20 11, she complained about palpitations and dyspnea (New York
Heart Association [NYHA] II) but did not report angina.
No changes in electrocardiogram. A stress test was performed without signs ofischemia. See Videos 91-1
to 91-4 and Figures 91-1 to 91-4.

Figure 91-1. Parasternal long-axis (LAX) view in
systole. The white arrows mark the hypokinetic

Figura 91-3. Parasternal four-chamber view.

region. LV, left ventricle; MV, mitral valve;
RV, right ventricle.

Figure 91-4. Apical two-chamber view. The white
arrows mark apical trabeculations. LV, left ventricle.

QUESTION 1. Which diagnostic test or procedure
should be performed next to confirm the diagnosis?
Figure 91-Z. Parasternal short-axis (SAX) view
in systole. The white asterisks mark the papillary
muscles. The white arrows mark the hypokinetic
region.

A.
B.
C.
D.
E.
F.
G.

Stress echocardiogram
Contrast-enhanced echocardiography
64-slice coronary computed tomography
Magnetic resonance imaging (MRJ)
Myocardial scintigraphy
24-hour dectrocardiographic monitoring
None of the above

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answer
ANSWER I: B. Regional wall motion abnormalities
can be identified inferiorly, septally, and in the apex
without exposing the patient to radiation and is faster
and at a lower cost than MRI.
According to the echocardiogram criteria established by
Jenni et al,1 prominent trabeculations, apical and lateral, at
the midventricular level and deep intertrabecular recesses
that communicate with the ventricular cavity should arise
the suspicion of left ventricular (LV} noncompaction.
Contrast-enhanced echocardiography has recently
emerged as a noninvasive tool for better visualization of
the endocardial blood interface.2 This was done as shown
in the transesophageal echocardiogram (TEE) images in
Video 91-5 and Fig. 91-5.
MRI can also be used to make the diagnosis.
The patient complained about palpitations. As ventricular arrhythmias and sustained ventricular tachycardia
have been associated with LV noncompaction,3 24-hour
electrocardiographic monitoring is also reasonable.
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CASE 92
Shortness of Breath, Syncope, Bradycardia, and Ventricular Tachycardia

T

he patient is a 48-year-old. man with a history of shortness ofbreath, syncope, bradycardia, and ventricular tachycardia (Fig. 92-1). A 64-slice computed tomography coronary angiogram was normal.

Figure 92-1. 12-lead electrocardiogram (ECG).

QUESTION 1. The echocardiograms in Videos 92-1
to 92-3 show:
A. Normal left ventricular (LV) systolic function
B. Segmental wall motion abnormalities
C. Asymmetric septal hypertrophy
D. A pacemaker
E. Normal LV systolic function and asymmetric
septal hypertrophy
F. Segmental wall motion abnormalities and a
pacemaker
QUESTION 2. Which is the most likely cardiomyopathy in this patient?
A. Amyloidosis
B. Sarcoidosis
C. Hemochromatosis

D. Fabry disease

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answers
ANSWER I: E Segmental wall motion abnormalities
and a pacemaker are seen in the echocardiogram.
ANSWER2: B. The echocardiogram findings of sarcoidosis include dilated cardiomyopathy with regional wall
motion abnormalities; LV aneurysms, which may be present basal-inferior-posterior; and lateral walls due to infiltrating granulomas. Granulomas can also cause mitral
regurgitation, heart block, and ventricular arrhythmias.
The differential diagnoses include dilated and ischemic
cardiomyopathy.
The echocardiogram findings of sarcoidosis are
affected by the location of the granulomas as shown in
Figure 92-2, and Figure 92-3 is a histologic example of
a sarcoid granuloma.

AA

Aneurysm
1. Heart ----lo~----
block

or scar

Figure 92-2. RA, right atrium; LA left atrium;
RV, right ventricle; LV, left ventricle;
VS, ventricular septum.

Figura 92-3.
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CASE 93
Acute Myocardial Infarction due to Occluded Left Circumflex Obtuse Marginal Branch

T

he patient is a 59-~ar-old man admitted 24 hours ago with an acute myocardial infarction (MI)
due to an occluded left circumO.ex obtuse marginal branch. He also had a 90% proximal. left anterior descending coronary artery stenosis. Both vessels were successfully stented. The patient developed a
low-grade fever, hypotension, and dyspnea. An echocardiogram was ordered to further evaluate his status.

QUESTION 1. The apical four-chamber view in
Video 93-1 and Figure 93-1 demonstrate which of
the following?
A. A normal echocardiogram
B. Severe left ventricular (LV) segmental wall
motion abnormalities
C. Hyperkinetic LV wall motion
D. Mild mitral regurgitation (MR)
E. SevereMR
F. Hyperkinetic LV wall motion and severe MR
QUESTION 2. The spectral Doppler findings in
Figure 93-2 are consistent with:
A. Mitral stenosis
B. Moderate MR
C. Acute severe MR
D. None of the above
Figura 93-1.

QUESTION 3. What test should be done next?
A. Magnetic resonance imaging
B. 64-slice computed tomography
C. Transesophageal echocardiogram (TEE)
D. Brain natriuretic peptide level
QUESTION 4. True or False? Videos 93-2 and 93-3
confirm a mitral valve vegetation.

COMPLEX CASES IN ECHOCARDIOGRAPHY

B

A

c

Figura 93·2A..C.

Answers
ANSWER 1: F. The image shows hyperkinetic LV wall
motion. This relates to the LV unloading from the severe
MR. Severe MR is evident because of the sizable diameter flow convergence or proximal isovelocity surface
area seen between the LV and left atrium. The larger the
diameter;. the greater the MR. 1

the setting of a small noncompliant left atrium, no more
regurgitation can be accommodated and the MR ceases.
Figure 93-2C shows pulmonary vein flow reversal
consistent with severe MR.

ANSWER3: C. TEE should be done next. 3
ANSWER2: c Figure93-2Ashowsa high Doppler mitral
inflow velocity consistent with severe MR, as there is an
increase in transmitTal flow with severe MR.
An inflow velocity of 120 em per second or greater is
consistent with severe MR.2
Figure 93-28 sho\11/S a dense continuous wave Doppler
of MR with a late systolic cutoff-referred to as the Vwave
cutoff sign. As the left atrial pressure rises in acute MR in
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ANSWER 4: FALSE. The TEE shows that. since the
transthoracic echocardiogram, the papillary muscle is
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to the ruptured papillary muscle (Videos 93-4 and
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CASE 94
AcuteST Changes Postcraniotomy

T

his patient is a 63-year-old woman with a past medical history of diabetes, hypertension, and was
evaluated in June of 20 10 for complaints of visual disturbances and was found to have right eye
hemianopsia. Magnetic resonance imaging showed a suprasellar brain tumor consistent with meningioma.
The patient underwent a craniotomy for resection ofthe meningioma on July 1, 2010. After surgery, she
developed acuteST wave changes on her ECG. An echocardiogram is shown in Figures 94-1 and 94-2
and Videos 94-1 and 94-2.

QUESTION I. What is yow assessment of the
echocardiography?
A. Normal left ventricular size and funaion
B. Apical akinesis or dyskinesis with significant
mitral regurgitation (MR)
C. Diffuse hypokinesis
D. Apical hypokinesis without significant MR

Figure 94-1.

Figura 94-2.

QUESTION 2. Cardiac catheterization was performed and no significant coronary artery disease was
found. After recovery from swgery, follow-up echocardiography showed Figures 94-3 and 94-4 and
Videos 94-3 and 94-4. What is yow final diagnosis?
A. Acute myocardial infraction
B. Hypertrophic cardiomyopathy
C. Tak:otsubo cardiomyopathy
D. Normal echocardiogram

COMPLEX CASES IN ECHOCARDIOGRAPHY

Figure 94-4.

Figure 94-3.

Answers
ANSWER I: B. Significant MR and apical akinesis or
dysldnesis are noted.
.ANSWER2: c. Because cardiac catheterization showed
no significant coronary artery disease, reversible apical
ballooning is consistent with Takotsubo cardiomyopathy.
Takotsubo cardiomyopathy is a novel syndrome
first described in Japan and which has since been
recognized as an entity of cardiomyopathy around
the world. Classically, it is a syndrome of acute and
transient left ventricular wall motion abnormalities
that mimics an acute myocardial infarction but with-

Suggested Reading
Brunetti ND, leva R. Rossi G, et al. Venuicula.r outflow tract obstruction, sy:stolic anterior motion and acute mitral regurgiwion in
Tako-Tsubo syndrome. lntf Ozrdio£ 2008;127:el52-el57.

out significant angiographic stenosis on coronary angiograms. Echocardiography demonstrates apical ballooning during the acute phase as seen in Figure 94-1 .
Most patients are women and there is often a stressful trigger. In our case, this stressful factor may be
her brain surgery. As seen in this case, one important
complication of Takotsubo cardiomyopathy is acute
MR. It was the most likely cause of acute pulmonary
edema. The incidence of MR in Takotsubo cardiomyopathy is about 20%. Many of the patients of acute
severe MR in Takotsubo cardiomyopathy have systolic
anterior motion of the mitral valve and a significant
left ventricular outflow tract gradient.

CASE 95
Relapsed Large B-Cell Lymphoma
he patient is a hypertensive, hyperlipidemic, 65-year-old woman with relapsed large B-cell
lymphoma. She is day 16 status post (sip) stem cell transplantation and 2 'n months s/p chemotherapy including doxorubicin. She has an elevated troponin level and neutropenia, fevers, and respiratory failure during the past week.
Current echocardiogram is shown in Videos 95-1 and 95-2, and current dectrocardiogram (ECG) is
shown in Figure 95-1.
Echocardiogram &om 1 month ago is shown in Videos 95-3 and 95-4, and ECG &om 1 month ago
is shown in Figure 95-2.
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QUESTION 1. What is the most likely etiology of
the cardiomyopathy?
A. Ischemic
B. Anthracydine induced
C. Idiopathic
D. Hypertemive bean disease

QUESTION 2. The current echocardiogram (Videos
95-1 and 95-2) demonstrates:
A. Moderate left ventricular (LV) (left ventricular
ejection fraction [LVEF] 35% to 45%) and
right ventricular (RV) systolic dysfunction
B. Severe global LV systolic dysfunction
(LVEF <35%) with preserved RV systolic
function
C. Severe LV systolic dysfunction with regional
variation and preserved RV systolic function

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answers
ANSWER 1: B. The cardiotoxicity associated with anthracycline has peak occurrence of symptoms 3 months
after last dose, but late toxicity may occur up to one
decade.
The risk is cumulative-dose dependent:
- Less than 400 mg per m2 low risk
- More than 700 mg per m2 20% increased likelihood
- Increased risk with increasing age, history of radiation, and concomitant treatment with other cardiotoxic agents

Suggested Reading
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Stll'Veillance for asymptomatic late-onset anthra.cycline catdio·
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2011;57:467-472.

ANSWER 2: c. The parasternal long-axis and apical
four-<:hamber view demonstrate a markedly decreased
LV systolic function with mildly dilated LV. The anterior
inferior vena cava and middistal LV and apex are hypokinetic. The RV size and function is normal. The 12-lead
ECG demonstrates a sinus tachycardia without any ST-T
changes, making ischemia or Takotsubo cardiomyopathy less likely.
Follow-up echocardiography at 4 months is shown in
Videos 95-5 and 95-6.

CASE 96
Systolic Murmur along Upper Sternal Border
arient .i& a 74-year-old man with chest pain and shortness of breath. He has a mid-to-late peaking
harsh 111M systolic murmur along upper sternal border radiating to the carotid arteries. He is
referred for evaluation ofaortic stenosis and consideration for percutaneous aortic valve (AV) replacement.

P

Figure 96·1.
Figure 96-3. Maximum AV velocity = 2.96 m
per second; mean AV pressure
gradient = 21 mm Hg.

QUESTION 2. Based on the echo Doppler findings
in Figure 96-3, the diagnosis is:
A. Mild-to-moderate aortic stenosis

B. Severe aortic stenosis
C. Hypertrophic cardiomyopathy
D. Underestimation of the transaortic pressure
gradient

Figure 96-Z.

QUESTION 3. To further evaluate for possible underQUESTION 1. Based on the transthoracic echocardiogram (TIE) images in Figures 96-1 and 96-2 and
Videos 96-1 and 96-2, yow diagnosis is:
A.
B.
C.
D.

Mild aortic stenosis
Moderate aortic stenosis
Severe aortic stenosis
Hypertrophic cardiomyopathy

estimation of the transaortic pressure gradient, you:

A. Perform a transesophageal echocardiogram
(TEE) to evaluate area by planimetry
B. Send the patient for cardiac catheterization
C. Perform echo contrast study to enhance the
Doppler signal to better assess the gradient

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answers
ANSWER 1: c The AV appears thickened, calcified,
and very restricted in motion. Based on the TTE image,
the diagnosis is most consistent with severe calcific
aortic stenosis.
ANSWER 21 D. There is a discrepancy between echo
findings of severe aortic stenosis and the Doppler gradients, which are relatively low.

ANSWER 3: C Further evaluate the discrepancy between
the 20 echo findings and the low gradients by Doppler. All
three options are correct but TEE and cardiac catheterization are more invasive. A simpler approach is to perform an
echo contrast study to enhance the Doppler signal to better
assess the gradient (Fig. 96-4).

Figure 96-4. Precontrast ~ Postcontrast
Baseline: Maximum AV velocity is 3.19 m per second; peak AV gradient is 41 mm Hg; mean AV gradient is
25 mm Hg.
With Definity echo contrast: Maximum AV velocity is 4.13 m per second; peak AV gradient is 68 mm Hg;
mean AV gradient is 40 mm Hg; aortic valve area is 0.59 cm 2•
Echo contrast leads to substantial augmentation in the peak and mean aortic pressure gradient due to
better detection of the Doppler signal across stenotic valve.

Suggested Reading
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CASE 97
Severe Mitral Regurgitation due to P2 Prolapse

A

76-year-old man had severe mitral regurgitation (MR) due to a posterior leaflet prolapse. He was
symptomatic (New York Heart Association [NYHA] 11-111) and had pulmonary hypertension. The
left ventricular ejection fraction was preserved. The 3D image reveal.& a large prolapse of the middle segment (P2)of the posterior leaflet (Video 97-1 and Fig. 97-1). Figure 97-1 shows marked prolapse suggesting that secondary chordal support is not present.
Including age, renal insufficiency (creatinine 1.8 mg per dL), chronic obstructive pulmonary disease
(COPD), and pulmonary hypertension, a logistic EuroSCORE of 7 was calculated, with a consecutive
mortality risk of8.9o/o.
In combination with the complex anatomy of this prolapse, this patient was considered a surgical
candidate, but he refused surgery.
Therefore, despite suboptimal morphology for a MiuaClip procedure,1-' it was perfOrmed in March
2012. Three clips were implanted in the P2 segment.
The transesophageal echocardiogram (TEE) shown in Videos 97-2 to 97-5 and Figures 97-2 to 97-6 were
done 2 months after the MiuaClip procedure. Ar. follow-up there was moderate to severe (3 +) MR present.

A
Figure 97-1. 3D TEE: This enface view of the
mitral valve presents a large prolapse of the
P2 segment of the posterior leaflet. Presence of
secondary chordal support is doubtful.

QUESTION I. What causes the residual MR?

A.
B.
C.
D.
E.

Persistent prolapse lateral to the clips
Persistent prolapse medial to the clips
Partial clip detachment of the medial clip
Partial clip detachment of the middle clip
Partial dip detachment of the lateral clip

B
Figure 97-2. TEE 0°: A small residual shunt in
the interatrial septum after transseptal puncture
(A) and an eccentric jet in the left atrium
indicating residual MR (B) can be seen.

COMPLEX CASES IN ECHOCARDIOGRAPHY

Figure 97-3. TEE with color Doppler: oo and
90°views.

Figure 97-5. TEE: Long-axis (LAX) view (150°)
without color Doppler.

Figure 97-4. lntercommissural views (61 °) without
(left) and with color Doppler (right).

Figure 97·6. A mean gradient s 5 mm Hg is not
considered significant in patients after a MitraCiip
procedure.

CASE 97

Answer
ANSWER 1: D. In the intercommissural views, an
eccentric color jet can be seen around the middle clip
and the posterior leaflet moves over the anterior. The
middle clip is not attached to the posterior leaflet in this
area, indicating that there is a partial clip detachment of
the middle clip.
To confirm the presence of partial clip detachment of
the middle clip, X-plane images were acquired, cutting

every clip at the base with corresponding 90° angle
views (Videos 97-6 to 97-9, Figs. 97-7 to 97-10).
Due to these echocardiographic findings with persistent symptoms due to MR, the patient subsequently
agreed to have surgery.

Figure 97-7. X-plane at 60°, cutting the base of

Figure 97-9. X-plane at 60°, cutting the base of

the medial clip. The corresponding left ventricular
outflow tract (LVOT) view confirms the grasping
of both leaflets in this area.

the lateral clip. The corresponding LVOT view
shows a very mobile posterior leaflet, but it is still
grasped by the lateral clip.

Figure 97-8. X-plane at 60°, cutting the base of
the middle clip. The corresponding LVOT view
documents that this clip is attached to the anterior leaflet but not to the posterior leaflet.
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CASE 98
Left-Sided Breast Cancer without Cardiac Symptoms
76-year-old woman had. left-sided breast cancer in an advanced stage but without cacdiac symptoms.
She was referred by her gynecologist for a transthoracic echocardiogram (Videos 98-1 to 984 and
Figs. 98-1 to 98-2).

A

A

A

B

Figure 98-1. A. Parasternal long-axis view.
B. Parasternal short-axis view.

B

Figure 98-Z. A. Apical four-chamber view.
B. Apical three-chamber view.

QUESTION 1. What is the most likely diagnosis in
this context?

A. Myocardial metastasis of the left-sided breast
cancer
B. Ingrowth of the breast cancer from the outside
(per continuitatem)
C. Thrombus

D. Primary cardiac neoplasm

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answer
ANSWER 1: c. The most common mass in the heart is
a thrombus. In this patient, a huge wall motion disturbance anteriorly can be seen; therefore, the most likely
diagnosis in this case is a thrombus formation after
myocardial infarction.
The development of left ventricular thrombus is a
common complication following myocardial infarction.
Thrombi are clinically important, because they may
lead to relevant embolic complications. left ventricular
thrombi are the main sources of embolic stroke after ST
{Q-wave) segment elevation myocardial infarction. 1 The
likelihood of developing a left ventricular thrombus after
an acute myocardial infarction varies with infarct location and size. Thrombi are more often seen in patients

with large anterior ST elevation infarctions with anteroapical aneurysm formation and akinesis or dyskinesis as
it is seen in our case; the incidence is lower in cases
with smaller infarctions and those involving other myocardial regions.H The origin of left ventricular thrombus
includes segmental dysfunction of the infarcted myocardium causing stasis, endocardial tissue inflammation
providing a thrombogenic surface, and a hypercoagulable state.
Primary cardiac neoplasms are rare. Patients of all
ages are affected and the reported prevalence in autopsy series is of 0.001% to 0.03%. It is estimated that
primary cardiac neoplasms are 100 to 1000 times less
prevalent than secondary neoplasms of the heart.6
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CASE 99
Bilobed Left Atrial Appendage
78-year-old woman suffers from atrial fibrillation first diagnosed 3 years ago when she had an
ischemic stroke with a mild, persistent right-sided hemiparesis.
Including age, arterial hyperrension, and stroke, her CHADS2 score was calculated to be 4 (CfL\DS2- VASe
Score 6).
Consequently, anticoagulation therapy was administered.
Subsequently, she developed recurrent episodes of nosebleed.ing and was hospitalized fow times.
Because of this, the desicion was made to implant a left atrial appendage (LAA) occlusion device.
Transc:sophageal echocard.iogram [fEE) and angiography revealed a bilobed LAA with two deep lobes.
As the LAA ostium measured a maximum of24.5 mm, a 27-mm Watchman device (third generation
device) was chosen and implanted.
Anticoagulation therapy was continued, and 1 month later, the patient was reevaluated to see if she
could quit anticoagulation therapy.
The TEE images in Videos 99-1 to 99-3 and Figures 99-1 to 99-3 were acquired.

A

Figure 99-1. 20 TEE (45°) without (left) and with

Figure 99-3. 30 TEE with color: Enface view of

(right) color Doppler.

the LAA ostium.

QUESTION 1. How to proceed?
A. Stop anticoagulation therapy and continue
with aspirin 100 mg per day and dopidogrel
75 mgperday
B. Stop anticoagulation therapy and continue
with aspirin 300 mg per day
C. Continue anticoagulation therapy and add
aspirin 100 mg per day
D. Continue anticoagulation therapy
E. Continue anticoagulation therapy and add
dopidogrd 75 mg per day

Figure 99-Z. 30 TEE: Enface view of the
LAA ostium.

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answer
ANSWER 1: D. In the PROTECT-AF trial patients with a
residual leakage after placement of one Watchman
device less than 5 mm measured on TEE at 1 month
follow up could stop anticoagulation therapy. Non inferiority compared with anticoagulation therapy in the
device group was demonstrated.1.2 Of note, these are
currently the only randomized data available.
After 6 months, 8% of the patients did not meet
these TEE criteria and had to continue anticoagulation
therapy due to persistent relevant peri-device leakage.
In the case described here, the Watchman device was
trapped in one of the two deep lobes and could not
be retrieved. The highly compressed Watchman device
with an oval-shaped configuration can be seen in the
cranial lobe. This lobe is completely covered, but the
second lobe caudally remains unsealed.
In 3D TEE, the ostium diameter of the uncovered second
large lobe measured 6 mm in width and 15 mm in length.
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Therefore, the patient did not meet the echocardiographic criteria to quit anticoagulation therapy (peridevice leak width :s; 5 mm). Patients with relevant
residual peri-device leakages(> 5 mm in width) are in
the same situation as before interventional device closure and experience no actual benefit; they also have
to stay on anticoagulation therapy. Consequently, anticoagulation therapy should be continued in this patient
{answer D). There is no benefit to adding antiplatelet
therapy in these patients.
This case illustrates that the LAA morphology plays
a major role in successful endocardial device closure
of the LAA and therefore should be assessed in detail before a procedure with an endocardial occlusion
system is planned. Multilobed LAAs present a major challenge for interventional closure, as this case
demonstrates.

CASE 100
Systolic Ejection Murmur
79-year-old woman had palpitations and dyspnea on exertion for 3 months. The patient believes
the palpitations are associated with her vitamin supplement energy drink; however, she only had
minimal relief after stopping this drink. She stopped playing tennis due to palpitations and dyspnea on
exertion. The patient has no history of chest pain, presyncope, or syncope.
Cardiac examination revealed: A forceful left ventricular (LV) apical impulse, normal first and second
heart sounds, S4 gallop, and a 3/6 systolic ejeaion murmur best appreciated in left upper sternal border
(LUSB) with radiation to suprasternal area. No ejection click present. Maneuvers (vagal or handgrip) did
not cause: a change in intensity of munnur (Fig. 100-1).
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Figure 100-1. 12-lead electrocardiogram (ECG).

Figure 100-3. Maximum peak gradient 134 mm
Hg; mean 75 mm Hg.

Q.UFSTION I. See Figure 100-2. Which of the
following are present?

A. Mitral valve preclosure
B. Aortic valve preclosure
C. Aortic root dilatation
D. Abnormal echo density in the right ventricle (RV)

QUESTION 2. The continuous wave (CW) Doppler
tracing in Figure 100-3 is consistent with (sdea all
Figure 1DO-Z.

that apply):

A. Aortic valve stenosis
B. Idiopathic hypertrophic subaorcic stenosis
C. Aortic valve regurgitation
D.DSAS

COMPLEX CASES IN ECHOCARDIOGRAPHY

Figure 100.7.

Figure10N.

QUESTION 3. The color Doppler in Figure 100-4
is consistent with (sdect all that apply):
A. Aortic valve stenosis
B. Hypertrophic cardiomyopathy with mitral
regurgitation (MR) and a left ventricular outHow tract (LYOT) gradient
C. Aortic valve regurgitation

D. DSAS

Figure 10~5.

QUESTION 4. Based on the patient's symptoms and
all the prior echo Doppler images (including Fig. 100-5),
you recommend:
A. Aortic valve replacement
B. Beta-blocker therapy
C. Surgical myectomy or alcohol septal ablation
D. None of the options
E. Beta-blocker therapy, surgical myectomy, or
alcohol septal ablation are reasonable
QUESTIONS. Based on the images in Figures 100-6
and 100-7 and Video 100-1, the patient was treated
with:
A. Beta-blockers and d.isopyramide
B. An alcohol septal ablation was done
C. Surgical myectomy was performed
D. Echo contrast was given to better evaluate wall
motion

Figure 100-6. Peak gradient was 134 mm Hg;
now, peak gradient is 51 mm Hg.

CASE 100

QUESTION 6. See Figure 100-8. What is the diagnosis?
A. Aortic stenosis
B. DSAS
C. DSAS in which alcohol septal ablation was
done
D. Hypertrophic cardiomyopathy in which alcohol septal ablation was done

Figure10N.

Answers
ANSWER It B. Aortic valve preclosure is seen and can
be associated with DSAS as well as hypertrophic cardiomyopathy.
ANSWER 2: A. CD. The CW Doppler tracing is midpeaking and not late peaking, thus it is more consistent
with a fixed LV outflow obstruction, such as valvular aortic
stenosis or a subaortic membrane. In hypertrophic cardiomyopathy, the CW tracing is late peaking and dagger
shaped. There is also evidence of aortic regurgitation in
diastole on the CW tracing.

ANSWER 6: C The echo shows a discrete membrane
and an LVOT gradient.
This patient has DSAS. This was demonstrated by:
1) Aortic valve preclosure which is associated DSAS
2) A high gradient across the LVOT by CW
3) After alcohol septal ablation, the gradient is lower
and the septum appears very bright due to the
injection of alcohol, which is not the treatment for
DSA5-it is surgical resection.
See Figure 100-9 and Videos 100-2 and 100-3.

ANSWER 3: B. D. There is aliasing of the color flow jet
in the LV outflow tract indicative of high LVOT velocities
and a subaortic pressure gradient.
ANSWER 4: D. The patient has DSAS, and medical
therapy or surgical resection of the membrane are standard potential options for this patient.
ANSWER 5: B. The echo shows the basal septum to be
very bright, which is characteristic of the change that
occurs during alcohol septal ablation.

Figure 100.9. Arrow points to membrane (DSAS).

Suggested Reading
Mun HS, Wann LS. Noni.llvasive evaluation of membran.ous subaonic
ste.oosis: complime.otary role& of ~hy and computed
tomographic angiography. &ho~ 2010;27:E34-E35.

CASE 101
Congestive Heart Failure, Renal Insufficiency, and Possible Pneumonia
79-year-old Caucasian man was admitted to the hospital with congestive heart failure, renal insufficiency. and possible pneumonia. He had been treated with chronic immunosuppression therapy
for Churg-Strauss vasculitis.
Blood cultures were positive for Staphylococcus lugdunmsis. The transthoracic echocardiogram (TTE)
showed a new finding ofmoderate-to-severe aortic valve regurgitation. The patient subsequently underwent transesophageal echocardiography (TEE) (Figs. 101-1 to 101-3 and Videos 101-1 to 101-3).

A

Figure 101-3. Biplane color Doppler 20 TEE
image, showing severe aortic valve regurgitation
from the noncoronary cusp.
Figura 101-1. 20 TEE image, showing a large
vegetation attached to the aortic valve.
QUESTION 1. The figures demonstrate that the
vegetation is attached to:
A.
B.
C.
D.

Figura 101-2. 20 TEE image, showing a vegetation attached to the noncoronary cusp.

Left coronary cusp
Right coronary cusp
Noncoronary cusp
Both left and right coronary cusp

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answer
ANSWER 1: C. In Figure 101-1, it is not clear that the
vegetation is attached to the noncoronary cusp or left
coronary cusp. The short-axis view of the aortic valve
(Figs. 101-2 and 101-3) clearly shows that the location
of the vegetation and aortic regurgitation is the noncoronary cusp. Figure 101-4 is a live 3D TEE image of
the aortic valve, which further confirms that the
vegetation is attached to the noncoronary cusp.

Figure 101-4. 3D TEE image, showing a large
vegetation attached to the noncoronary cusp.

Suggested Readings
Liu PY, Huang YF, Tang CW. et al. StaphylocoCCU$ lugdunensis
i.llfective endotarditis: a lite.l'a1'Ule review and analysis of risk
hao~. j Mimlbiol Immunq/Jnftct. 2010;43:478-484.
Petzsch M, Leber W, Westphal B, et al. Progressive StaphylocoCCU$
lugduncnsis endocarditis wpite antibiotic treatment. Wim Klin
Wochm.rchr. 2004;116:98-101.

CASE 102
Coronary Artery Disease Status Post Bypass Graft

A

79-year-old man with history of coronary artery disease status post coronary bypass, New York
Heart Association class III - IV symptoms status post implantable cardioverter-ddibrillator, chronic
lymphocytic leukemia, chronic renal insufficiency, hypertension, atrial fibrillation on chronic warfarin
therapy, and critical aortic stenosis was referred for transfemoral ttanscatheter aortic valve implantation
(TAVI).

Figure 102-1.

Figure 102·3.

Figure 102-2.

Q.UFSTION 1. In this case, 3D cchocardiography
showed an oval-shaped aortic annulw as seen in Figure
102-1. Figures 102-2 and 102-3 and Video 102-1 show
post-TAVI2D transe.sophagealechocardiogram (TEE).
What would be the interpretation of the paravalvular
aortic regurgitation (AR)?
A. Mild paravalvular AR due to a defective valve
B. Mild paravalvular AR due to a misplaced valve
C. Greater than moderate paravalvular AR due
to a defective valve
D. Greater than moderate paravalvular AR due to
an undersized valve

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answer
ANSWER I: D. Until recently, the aortic annulus had
been presumed to be circular. This assumption was on
the basis of the continuity equation for aortic valvular
area. However;. the shape of the aortic annulus has been
shown to frequently be oval by computed tomography
and 3D echocardiography as seen in Figure 102-1 .
When the circular new valve (Edwards Sapien Valve of

size of 01, 23 mm, in this case) is implanted, the long
axis (02, 26 mm), which is significantly larger than the
valve size, may leave a space that results in a paravalvular
leak as seen in Figure 102-2 (blue area, right panel). In
this case, the degree of AR is more than moderate as
there is holodiastolic flow reversal in the descending
aorta (Fig. 102-3).

Suggested Readings
Kempfen J, Van Linden A. Lehmkuhl L.

Ng AC, Delgado V. van der Klcy F. ct al. Comparison of aortic
toot dime.b$io!l$ and geomeuies before and after transcatheter
aortic valve implantation by 2- and 3-dimensional transesophageal echocazdiography and multislice computed tomography.

et al. Aonic annulus
sizing: cchocardiogr.aphic vs. computed tomography derived
mcasul.'t.DlC.Dts in comparison with dilctt surgical sizing. Eur J
OJ.rtiUJtho~WC Surg.

2012.

Circ OuriUI!IIIc ImAging.

2010;3:9~102.

CASE 103
Normal Left and Right Ventricular Size and Function and Normal Pulmonary Artery
Systolic Pressure
n 80-ycar-old woman in good health throughout her life has a transthoracic echocardiogram revealing

A

normal left and right ventricular size and function and a nonnal pulmonary artery systolic pressure.
Doppler color O.ow is seen across the interatrial septum. She has a transesophageal echocardiogram (TEE)
fur further evaluation (Fig. 103-1).

A

B

c

D
Figura 10J-1A-D.

QUESTION 1. What is the most likely explanation
of a color How across the interatrial septum?
A. A patent foramen ovale (PFO)
B. A primum atrial septal defect (ASD)
C. A secundum ASD
D. A sinus venosus defect

QUESTION 2. Based on the images, the patient is
diagnosed with:
A. APFO
B. A primum ASD
C. A secundum ASD
D. A sinus venosus defect

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answers
ANSWER 1: .A. Approximately 25% of the general
population has a PFO. A PFO is often an incidental finding in an otherwise structurally normal heart. A primum
atrial septal defect (ASD) and sinus venosus defect are
relatively rare in general and distinctly uncommon in an
80-year-old. While a secundum ASD is the most common
ASD and the most common congenital heart disease
after bicuspid aortic valve, they are also typically
diagnosed much earlier in life, and in an 80-year-old,
would be expected to be associated with enlarged right
heart and some degree of pulmonary hypertension.

ANSWER 2: C. The patient has a large secundum ASD
measuring approximately 25.6 mm in largest dimension.
The shunt is left to right as evidenced by the blue color
flow in (B). The TEE confirmed the normal right heart size
and function. While the 20 images nicely show the defect
in orthogonal planes, the 3D images clearly show the
shape of the whole defect with the typically slightly oval
configuration. Both the 20 and the 3D images demonstrate that there are adequate rims, making this patient an
excellent candidate for percutaneous closure with an Amplatzer septal occluder device (Fig. 103-2).
Figure 103-2A shows the catheter across the ASD
from a 3D left atrial view. Figure 103-2B demonstrates
the deployment of the Amplatzer device in the left atrium
before apposition to the interatrial septum. Figures 103-2(
and 103-20 (biplane view) demonstrate the device well
seated and closed on both sides of the septum.

B

A

c

D
Figure 103-2A-D.

Suggested Reading
Saric M, Perk G, Purgess JR, et al. Imaging atrial nptal defects
by real-time three-dimensional tr.ui.St.!iophageal c:c.hocudiography: stcp-by-$ttp approach.] Am &c EchocarJit,gr. 2010;23:
1128-1135.

CASE 104
Acute Onset of Congestive Heart Failure after Mitral Valve Repair

A

n 81-year-old man devdoped acute onset of congestive heart failure after he had a mitral valve (MV)
repair with an annuloplasty ring (Videos 104-1 and 104-2 and Fig. 104-1).

QUESTION 1. What is the reason for his mitral
regurgitation?
A. Endocarditis

B. Trauma
C. Spontaneous ring dehiscence
D. Heart worm infestation

Figure 104-1.

QUESTION 2. What test would you do next?
A. Magnetic resonance imaging
B. 3D transesophageal echocardiogram (TEE)
C. Computed tomography scan
D. Positron emission tomography (PET) scan

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answers
ANSWER 1: C. The reason for his mitral regurgitation
is spontaneous ring dehiscence. There is no evidence of
infection.

ANSWER21 B. 3D TEE will give the most definitive answer
as shown in Videos 104-3 to 104-5 and Figures 104-2 to
104-4. Figure 104-5 shows a mitral valve ring during
implantation for correlation with the 3D images.
FOLLOW UP

The patient underwent successful reoperation with a
bioprosthetic MV replacement.

Figure 104-4.

Figure 104-2.

Figure 104-5.

Figure 104-3.

Suggested Reading
Kronzon I, Sugeng L, Perk G, et al. .Rtal-t.imc 3-dimc.os.ional aansesophageal echocardiography in the evaluation of post-operative
mitral annuloplasty ring and prosthetic valve dehiscence. ] Am
Coli CarrlitJL 2009;53:1543-1547.

CASE 105
Fever and Positive Blood Cultures Status Post Aortic Valve and Root Replacement
n 83-year-old woman 3 months status post aortic valve and root replacement. She has fever and
positive blood culwres. A transthoracic echocardiogram (TIE) was done to rule out prosthetic valve
endocarditis (Videos 105-1 to 105-3).

A

QUESTION 1. What is the sensitivity of TIE for
aortic root abscess?

A.

> 75%

B. 50% to74%
C. 25% ro49%
D. <25%
QUESTION 2. What is the sensitivity oftransesopha-

geal echocardiogram (TEE) for aortic root abscess?
A. > 75%
B. 50% to 74%
c. 25% to49%
D. <25%

QUESTION 3. Two days after a negative TTE. the
TEE identified a vegetation in the aortic valve
(Videos 105-4 and 105-5).
Because the surgeon felt the echo only showed

postoperation root changes and not an abscess, the
patient was treated medically for streptococcal infective endocarditis (Videos 105-6 and 105-7).

At the time of a follow-up TEE 2 weeks later, the
patient had a low-grade fever (< 100°F), and blood
cultures were negative on antibiotics (Videos 105-8
to 105-11).
One month later, a repeat TEE was given while the
patient was still on antibiotics but having recurrent
fevers with negative blood culture (Video 105-12). h
there an abscess present?

A. Yes

B. No

Answers
ANSWER I: C In one study by Daniel et aP with 118
patients with infective endocarditis, the sensitivity for
TIEwas28%.

ANSWER .!J: A. An echolucent zone is seen within the
aortic wall consistent with an aortic root abscess.
Because of the abscess, the patient was taken to the
operating room for a successful aortic root replacement
(Videos 105~ 13 to 105-1 5).

ANSWER 2: A . In the same study by Daniel et al,, the

sensitivity of TEE for aortic root abscess in patients with
infective endocarditis was 87%.

Reference

Suggested Reading

Mv

I. Daniel WG,
A. Murin RP, et al. Improvement in the
diagnosi5 ofabscesses associated with endocarditis by traruesoph~
ageal echocardiography. N Engl] Mtd. 1991;324(12):79HOO.

Hill EE, Herijgers P, Claus P, et al. Abscess in i.n.fectM: endocarditis:
the value of transcsophageal echocardiography and outcome: a
5-year study. Am Htart j. 2007;154(5):923-928.

CASE 106
Hypotension after Coronary Artery Bypass Grafting

T

he patient is an 84-year-old woman who devdops hypotension hours after a coronary artery bypass
grafting. Her central venous pressure (CVP) is 18 mm Hg.

QUESTION 1. The echo in Figure 106-1 shows
(sdect all that apply):
A. Right ventricular (RV) infarction
B. RV compress due to hematoma
C. Right atrial (RA) compression due to a hematoma
from a post operative pressure (OP) bleeding
D. A dilated left ventricle

E. Saline contrast injection would be useful to
conlirm diagnosis

Figure 106-1.

Answer
.ANSWER It

c; E. Selective RA compression can occur
postcardiac surgery and result in tamponade physiology. The hematoma often compresses the RA selectively as the origin can be from the RA cannulation site
at the time of cardiopulmonary bypass. It should
always be considered in the post-OP cardiac patient

who has a high CVP and hypotension. A saline contrast injection can be very helpful to outline the RA
endocardial border and thus confirm the diagnosis.
However, sometimes RA or RV compression cannot be
seen on transthoracic echo and a transesophageal
echocardiogram is required.

Suggested Readings

Kochar GS, Jacobs LE, Kotler MN. Right atrial comprc&Bion in postoperative cardiac patients: detection by t:r2n.SeSophageal echocardiography.]Am Coli CarJiol. 1990;16:511-516.

Chuttani K. TJScltler MD, Pandian NG, et al. Diagnosis of cardiac tamponade after cardiac surgery: rd.ative value of clinical,

cchocardiographic, and hemodynamic signs. Am Htllrl]. 1994;
127:913-918.

CASE 107
Syncopal Episode

T

he patient is an 85-year-old man presenting with a syncopal episode. He had a decrease in functional status over the past few months. He has a history of left pneumectomy for lung cancer
5 years ago. On auscultation, a faint murmw was heard. An echocardiogram was done to evaluate the
etiology of syncope (Video 107-1 and Figs. 107-1 and 107-2).
The calculated aortic valve area (AVA) was 1.2 to 1.4 cm2 •

QUESTION I. The transthoracic echocardiogram

and Doppler reveal:
A. Hypertrophic cardiomyopathy
B. Discrete membranous aortic stenosis
C. Valvular aortic stenosis
D. Supravalvular aortic stenosis

QUESTION 2. Which of the following are true
(select all that apply)?
Figura 107-1.

A. The continuity equation is accwate
B. The continuity equation is not accwate when
V1 (LVOT velocity) exceeds 1.5 m per second
C. In the setting ofelevated LVOT velocity, the
severity of aortic stenosis can be underestimated

QUESTION 3. Which of the following could be
appropriate (select all that apply)?
A. You refer the patient for transesophageal echo-

Figure 107-2.

cardiogram to better evaluate the valve area by
planimetry
B. You refer the patient to the cardiac catheterization lab to assess AVA
C. You cautiously administer a low dose of betablocker to reduce LVOT velocity in order
to use the continuity equation to calculate
the AVA

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answers
.ANSWER 1: C. There is no evidence of hypertrophic
cardiomyopathy or discrete membranous or supravalvular
aortic stenosis. The echo shows severe valvular aortic stenosis and the LVOT velocity is 1.88 m per second. By continuity equation, the AVA is 1.2 to 1.4 cm2 (Fig. 107-3).
A.NSWER2: ~c. The continuity equation is not accurate when V1 (LVOT velocity) exceeds 1.5 m per second.
In the setting of elevated LVOT velocity, the severity of
aortic stenosis can be underestimated.
ANSWER 3: .A, B, c. Each of these options could be
correct. Transesophageal echo can better evaluate the
valve area by planimetry (A). Cardiac catheterization can
be an alternate method to assess AVA (B). Administration of low dose of beta blockade in this case reduced
the LVOT velocity and allowed use of the continuity
equation to calculate the AVA (C).
In this patient, after beta-blocker therapy (2 mg intravenous [IV] metoprolol), peak LVOT velocity decreased
to 100 em per second and the v max (peak aortic valve
velocity) decreased from 472 to 404 em per second.
AVA was calculated as 0. 72 cm 2 by the continuity equation (Figs. 107-4 and 107-5).
The patient was referred for percutaneous valve
replacement and AVA planimetry by transesophageal
echocardiogram corroborated the AVA was <0.8 cm2
(Video 107-2).

Figure 107-3.

Suggested Reading
Quinones MA, Otto CM, Stoddard M, et al. Rcc:ommC.Ildations for
quantification of Doppler ec:hocardiography: a. report from the

Doppler Qumtific.:WonTask Force ofthe NomenclatUtt and Stan·

dards Committee of the American Society of Echocardiography.
jAm Soc l!JJqUI'fiitJgr. 2002;15:167-184.

A

B
Figure 107-4A.B.

Figure 107-5.

CASE 108
Severe Mitral Regurgitation and Moderate-to-Severe Tricuspid Regurgitation

A

86-year-old woman has dyspnea on exertion. She has a history of chronic atrial fibrillation, post
pacemaker implantation, chronic obstructive pulmonary disease, hypertension, kidney stones,
depression, and anxiety.
Her echocardiogram revealed severe mitral regurgitation, moderate-to-severe tricuspid regurgitation,
and a normal ejection .&action of 60%. Percutaneous mitral valve repair with a Mitradip was suc:cc:ssful
(Figs. 108-1 to 108-3 and Videos 108-1 and 108-2}.

Figure 108-3.
Figure 108-1.

QUESTION 1. What is the size of catheter going
through the septum for MitraClip?
A. 8 Fr (French catheter scale)

B. 14 Fr
C. 18 Fr
D. 22 Fr

Figure 108-Z.

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answer
ANSWER 1: D. The size of the catheter going through
the septum is 22 Fr for MitraCiip. Thus, iatrogenic atrial
septal defect {ASD) is a concern after this procedure as
compared with other percutaneous procedures using
small-sized catheters, such as ablation and left atrial
appendage closure. With the conventional 2D transesophageal echocardiogram (TEE), a linear defect is
seen. However, in Figure 108-4 (Video 108-3), using
3D TEE, we have found a variety of shapes of this post
MitraCiip iatrogenic ASD (Fig. 108-5).

Figure 108-4.

~

l Omm
Figure 108-5. Shape of post E-clip ASD.

Suggested Reading
Saitoh T, Izumo M, Fwugen A. et al. Ec:hoc:udiographic ewluarion
of iatrogenic atrial septlll de&ct after catheter-based mitral valve
clip insertion. Am} Cmrliol2012;109:1787-1791.

CASE 109
Transcatheter Aortic Valve Implantation

A

n 86-year-old woman with severe aortic stenosis was referred for transcatheter aortic valve implantation (TAVI). A transapical approach was used because her iliofemoral arteries were too small to
accommodate the TAVI catheter system.

QUESTION 1. The 3D ttansesophageal echocardiogram (TEE) image in Video 109-1 shows the catheter
that was inserted in the left ventricular (LV) apex
(transapical) is now:

A. In the LV and aorta
B. In the LV and left atrium (LA)
C. In right ventricle (RV) and lA
D. In LV and right atrium (RA)

QUESTION 2. The 2D TEE image (Fig. 109-1 and
Video 109-2) shows the catheter that was inserted in
the LV apex (transapical) is now in the LV and across
the aortic valve and in the aorta.

Figure 109-1.

True or False? The position of the catheter is through
the central aortic valve orifice.

QUESTION 3. True or False? The 2D TEE image in
Figure 109-2 and Video 109-3 shows the valve-catheter
system well positioned across the aortic valve.

QUESTION 4. True or False? 3D TEE shows good
balloon inflation and deployment of the bioprosthetic
Sapien valve (Video 109-4).

Figure 109-2.

COMPLEX CASES IN ECHOCARDIOGRAPHY

QUESTION 5. Figure 109-3 and Video 109-5
from immediately after valve deployment demonstrate (select all that apply):
A Normal appearing bioprosthetic aortic valve
B. Severe mitral regwgitation (MR)
C. Aortic root hematoma most likely secondary
to aortic annular rupture

Figure 109-3.

QUESTION 6. This x-plane 2D TEE imaging
(Video 109-6 and Fig. 109-4) shows (select all that
apply):
A A large pericardia! effusion
B. A small LV cavity
C. A small RV cavity
D. Findings consistent with pericardia!
tamponade
E. Wall motion findings consistent with
cardiopulmonary resuscitation (CPR) and
chest compressions
QUESTION 7. This x-plane 2D TEE imaging
(Video 109-7 and Fig. 109-5) shows (select all that
apply):
A. Aortic regurgitation

Figure 109-4.

B. MR
C. A small compressed LA
D. None of the options
QUESTION 8. This 3D TEE shows (Video 109-SA
and Fig. 109-6A) an atrial (surgical) view with the
aorta at 12 o'clock position. On Video 109-SB and
Figure 109-6B, an LV view is shown. This echo
demonstrates:
A Chordal rupture
B. Cardiac rupture
C. Pericardia! tamponade
D. None of the options

Figure 109-5.

CASE 109

B

A
Figure 109-6. A. 30 view from LA. B. 30 view from LV.

Answers
ANSWER 1: B. The catheter is in the LV and LA.
ANSWER 2: FALSE. This 20 TEE image shows the
catheter is posteriorly positioned (Fig. 109·7 and
Video 109-9)-this led to difficulty advancing the valve
catheter (also seen in image) across the aortic valve, and
the procedure had to be restarted with withdrawal of
this system and reinsertion of another transapical
system.
ANSWER 3: TRUE. The system appears well centered.
Prior to deployment, it should be about 50% in the LV
outflow tract and 50% in the aortic root.

Figure 109·7.

ANSWER 4t TRUE. The valve is well expanded and
apposed to the site of the native valve.

ANSWER 7: B,

ANSWER 5: A, c. There is a large aortic root hematoma most likely due to aortic annular rupture. No color
Doppler is provided to comment on MR.

ANSWER 8t A. Two chordae (yellow arrows) can be
seen moving in the LA and LV with random motion. The
most likely mechanism of chordal rupture in this case is
catheter or device trauma as the first device crossed the
mitral valve and entered the LA. It subsequently could
not be deployed across the aorta, suggesting that it was
entangled in the mitral chordae.

ANSWER 6: A-E. Aortic annular rupture is a known
complication of TAVI. This is one of the reasons valve
sizing is critical.

Suggested Reading
Smith LA. Monagh:m. MJ. Monitoring of procedwt.S: periinterventional echo assessment fOr aanscarheter aortic wive
implanution. Eur HtanJ ClrJiovasclmll(jnt- 2013;14:840-850.

c.

Preprocedure, there was no MR.

CASEllO
Congestive Heart Failure with Severe Shortness of Breath and Severe
Peripheral Edema

A

n 88-yt:ar...old man complains of progressive symptoms of congestive heart failure with severe short-

ness of breath and severe peripheral edema. He has a loud systolic heart murmur (Fig. 110-1 and
Videos 110-1 and 110-2).

Figure 110·2. Postoperative mitral valve replacement (MVR). 20 TEE, showing a paravalvular leak
after MVR.
A

QUESTION 1. After his MVR, a paravalvular leak is
seen in Figure 110-2 (Video 110-3). Where is the

location of the leak?
A.
B.
C.
D.

B

Figure 110·1A.B. 20 transesophageal echocardio·
gram (TEE), showing severe mitral regurgitation
due to bileaflet mitral valve prolapse (mainly
posterior leaflet).

Anterior portion of the new mitral valve
Posterior portion of the new mitral valve
Medial portion of the new valve
Lateral portion of the mitral valve

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answer
ANSWER 1: c. The location of residual mitral regurgitation after MVR or repair is often difficult to determine
with only TEE.
As seen in Figure 11 0-2, the 20 TEE showed the
largest regurgitant jet, but we could not precisely identify the exact location of the leak.
In Figure 110-3 (Video 11 0-4), a 30 full-volume color
TEE demonstrates the exact location (medial portion of
the new mitral valve) of the paravalvular leak.

Figunt110.3. Left atrial surgical view 30 TEE
with color Doppler, showing a paravalvular leak at
the medial location after MVR.

Suggested Readings
De Simone R. Glombitta G, Vahl CF, et al. Thne-dimensional. color
Doppler: a clinical swdy in patients with mitral regurgitation.
jAm <All OwdkJL 1999;33:164~1654.

R. et al. Three-dimensional echocardiography-guided repair of severe paravalvular regurgitation in
a bioprosthetic and mechanical mitral wive. Eur J EchocrmiUJgr.

Johri AM, Yared K, Durst

2009;10:572-575.

CASE 111
Worsening Orthopnea and Dyspnea on Exertion
n 89-year-old man has had worsening orthopnea and dyspnea on exertion for the past year. He
also has chest pain and had a near syncopal episode last week. Evaluation reveals severe aortic stenosis and he is referred for transcatbeter aortic valve implantation (TAVI). Videos 111-1 and 111-2 and
Figures 111-1 to 111-4 show his pre-TAVI echo Doppler .findings.

A

Figure 111-1.

Figure 111-4. Immediately post-TAVI.

QUESTION 1. True or False: Immediately after
TAVI, there: is severe aortic regurgitation (AR).

Figura 111-2.

Figure 111-3.

QU.FSTION 2. Because of the severe AR., a second
percutaneous valve was inserted. The echo in
Video 111-3 shows (select all that apply):
A. Severe residual AR
B. MildAR
C. A prosthetic valve in the left ventricle (LV)
D. A good result
E. LV clot

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answers
.ANSWER 1: TRUE. In the setting of an elevated left
ventricular end diastolic pressure (LVEDP) post-TAVI, the
AR may appear less and brief as the LVEDP is high and
the AR gradient equilibrates with aortic diastolic pressure.
One cannot solely rely on color Doppler to assess AR
severity.

Suggested Reading
Zamorano JL, Ba.dano LP, Bruce C, et al. EAEIASE rec.omme.ndations
fur the use ofechowdiogr..phy in new ttanscatheter interve.11tions
fur valvular heart disease.]Am Soc &hourr/iog. 2011;24:937-965.

.ANSWER 2: B, C. The video shows mild AR by color
Doppler. However, the first aortic bioprosthesis has dislodged into the LV when the second valve was inserted

CASE112
Small Bowel Obstruction

A

n 89-year-old woman with chronic kidney disease and severe long-standing hypertension was
brought to the emergency room because of severe anorexia. The patient had a small bowel obstruction but denied chest pain or shortness of breath. The electrocardiogram showed poor progression of R
waves in the precordial leads (Fig. 112-1). On echo, the initial apical four-chamber views (Fig. 112-2
and Video 112-1) showed a normal left ventricle (LV) size and wall motion. However, with additional
imaging, note the findings in Figure 112-3 and Video 112-2.
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Figure 11 2-1.

Figure 112-3.

QUESTION 1: What are the echocardiographic
findings?
A. Normal LV size and function
B. Dilated LV and normal systolic function
C. Apical akinesis and otherwise normal
LV function
D. Diffuse LV hypokinesis

Figure 11 2-2.

COMPLEX CASES IN ECHOCARDIOGRAPHY

QUESTION 2: What is the explanation ofthe difference between Figure 112-2 and Figure 112-3?
A. Patient cardiac condition
B. Echo probe location
C. Respiratory change
D. Echo imaging setting

QUESTION 3. Figure 112-3 showed possible apical
thrombus. What is your next diagnostic step?
A. Magnetic resonance imaging
B. Computed tomography
C. Nuclear test

D. Contrast echocardiography

Answers
ANSWER 1: c. There is no dilatation of the LV except
at the apex. All LV wall segmental motion was normal
except the apex.
ANSWER 2: B. There should not be any difference
in the patient's condition between Figures 112-2 and
112-3 (within only seconds). There was no change in
machine settings. Respiratory change could not cause
any wall motion abnormality. Only a change in the echo
probe location (toward the apex in Fig. 112-3) can
explain the difference. It is important to put the echo
probe at the apex in order not to miss apical wall motion
abnormalities.
ANSWER 3: D. Contrast echocardiography demonstrated a clear, small thrombus in the apex (Fig. 112-4
and Video 112-3). Other tests are not necessary. Contrast echocardiography is well established in the literature as the best noninvasive imaging method to confirm
the apical thrombus.

Figure 112-4.

Suggested Reading
Mansencal N, Nasr IA, Pilllerc R. et al. Usefulness of oonuast echocardiography for assessment of left ventricular thrombus after
:u:ute myocardial inf:ttction. Amf C.dioL 2007;99: 1667-1670.

CASE113
Major Trauma Due to Motor Vehicle Accident

T

he patient is a 91-year-old woman who suffered major trauma due to a motor vehicle accident. In
the emergency room (ER), she was comatose, hypotensive, and tachycardic. She had multiple rib
fractures and a sternal hematoma. Her chest x-ray revealed a widened mediastinum. Her serum creatinine
is 3.5 mg per dL. An emergency transesophageal echocardiogram (TEE) was performed to evaluate for a
possible aortic dissection {Video 113-1).

QUESTION 1. This x-plane view of the ascending
aorta, which measured 37 mm, shows:
A. Evidence of a type A aortic dissection
B. An artifact
C. It is nondiagnostic
QUESTION 2. What other things can be easily done
to tty to make an echocardiogram diagnosis?
A. Color-flow Doppler
B. Motion mode (m-mode) echo
C. 3Decho
D. All of the options

Figure 113-1.

Figure 113-2.

QUESTION 3. True or False? Based on the echo
Doppler findings (Video 113-2 and Figs. 113-1 and
113-2), there is a dissection flap, and the patient should
go to emergent surgery.
A. True
B. False

COMPLEX CASES IN ECHOCARDIOGRAPHY

QUESTION 4. True or False? The type A dissection is
conlinned by conuast (Fig. 113·3 and Video 113·3).
A. True
B. False

Figure 113·3.

Answers
ANSWER 1:
equivocal.

c.

It is nondiagnostic as the findings are

ANSWER 3: B. False. The diagnosis is still equivocal.
A contrast echo should be done to try to further define
if there is a flap.

ANSWER2: D. In the setting of a dissection flap, there
is generally a disturbance of color flow. M-mode can be
useful in identifying independent motion of the
dissection flap, and 3D often provides enhanced views
for flaps, defects, and perforations.

ANSWER 4: B. False. There is no dissection flap but
there is an artifact due to a Swan-Ganz catheter in the
pulmonary artery.

Suggested Readings

Evangelista A. Carro A. Moral S, et al. Imaging modalities for
the early diagnosis of acute aDrtic syndrome. Nt# Rev CtnJiol.

Evangelista A. Avegliano G, Aguilar R. et al. Impact of conuast·
enhanced echo cardiography on the diagnostic algorithm of acute
aDrtic dissection. Eur HtanJ 2010;31(4):472-479.

2013;10(8):477-486.

CASE114
Chest Pain, Chronic Lung Disease, and Aortic Valve Stenosis
92-year-old frail woman is New York Hean Association (NYHA) class IV and had chest pain and
chronic lung disease. She was found to have aortic valve stenosis, deemed too high-risk for surgery,
and was referred for transcatheter aortic valve replacement.
See the transesophageal echocardiogram images done in the catheterization laboratory before
(Figs. 114-1 to 114-3 and Video 114-1) and after implantation ofthe valve and postpro~ure (Figs. 114-4
and 114-5 and Videos 114-2 to 114-4).

A

Figure 114-1.

Figure 114-3.

QUESTION 1. The preprocedure images are (select
all that apply):
A. Consistent with aortic valve stenosis
B. Consistent with hypertrophic obstructive
cardiomyopathy
C. Show extensive mitral and aortic root calcium
D . Show a small aortic annulus
E. Show a small diameter of the sinotubular (ST)
junction

Figure 114-Z.

QUESTION 2. What potential complications can
occur with transcatheter aortic valve implantation
(TAVI)?
A. Rupture of the aortic annulus
B. Coronary occlusion from placing the valve too

high
C . Interference with mitral valve function if the
valveisp~toolow

D. Transient global left ventricular (LV) dysfunction
E. Valve embolization if too small a valve is placed
F. All of the options

COMPLEX CASES IN ECHOCARDIOGRAPHY

QUESTION 3. What are the abnormal findings
po.st-TAVI?
A. Partial rupture and/or intramural hematoma
originating at the aortic annulus
B. Coronary occlusion from placing the valve too
high
C. Interference with mitral valve function as the
valve was placed too low
D. Aortic dissection

Figure 114-4.

QUESTION 4. What findings on the preprocedure
images in this case demonstrate an increased risk during valve deployment (select all that apply)?
A. Extensive mitral annular and aortic root
calcium
B. A small aortic annulus
C. A small diameter of the ST junction
D. Presence of an aortic aneurysm

Figure 114·5.

Answers
ANSWER 1: A.. c:; D, E. The preprocedure images
show calcific aortic stenosis with extensive mitral and
aortic root calcium, a small aortic annulus, and a small
diameter of the ST junction. The extensive calcium and
the small diameters of the annulus and the sinu-tubular
junction increase the risk. of aortic annular and/or aortic
rupture during TAVI.
ANSWER 21 P. All of the mentioned complications
may occur.

Suggested Reading
~nbeu.x

P. Reiss GR. Kodali SK. et al. Periaortic hematoma after

transc.atheter aortic valve replacement: description ofa new com·
plication. C4thtter Otrtliovasc lntmJ. 2012;79(5):766-776.

ANSWER 3: A. This patient was carefully monitored,
blood pressure well controlled, and heparin reversed with
protamine. Serial echocardiograms did not show any
expansion of the intramural hematoma. She subsequently did well and was discharged home on hospital day 5.
ANSWER 4: A, B, c. Extensive mitral annular and aortic
root calcium, small aortic annulus, and a small diameter
of the ST junction increase the risk of the procedure. No
aortic aneurysm was visualized on this study.

CASE115
Cardiomyopathy

T

he patient is a 35-year-old man with a history of heart failure, stroke, and recurrent ventricular
arrhythmias.

QUESTION 1. Videos 115-1 to 115-3 demonstrate:
A. Cardiomyopathy with left ventricular (LV)

apical trabc:culations
B. Cardiomyopathy in a patient with an
implantable cardioverter-defibrillator (lCD)
C. Cardiomyopathy with LV apical thrombus
D. Cardiomyopathy with LV apical aneurysm
E. Cardiomyopathy in a patient with an lCD
and a LV apical thrombus
R All of the options

Answer
ANSWER 1: F. The echocardiogram demonstrates a
large, mobile LV apical thrombus in an area with a wall
motion abnormality. In addition, a bright linear echodense structure consistent with an lCD is seen in the

Suggested Reading
Espos.ito R. Raia R. De Palma D, et al. The role ofechoc:ard.iography
i.o. the management of the sources of embolism. FMture Ctm/WJ.
2012;8:101-114.

apical four-chamber view. In this study, the thrombus is
clearly visualized. In some instances, it may be necessary to use LV contrast for optimal imaging of LV
thrombus.

CASE116
Penicillin Allergy

T

he patient in this echocardiogram (Fig. 116-1) is going for a routine dental exam and teeth cleaning. She has a penicillin allergy.

QUESTION 1. You recommend:
A. Amoxicillin 2 g, 60 minutes prior
B. Azithromycin 1.5 g, 30 minutes prior
C. Clindamycin 600 mg. 30 minute& prior
D. She doesn't need any prophylaxis

Figure 116-1.

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answer
ANSWER 1: C This patient has a prosthetic (mechanical)
mitral valve as is apparent by the "clicks" on the Doppler
mitral inflow tracing she should be given prophylactic

antibiotic treatment prior to a dental procedure. Due to
her penicillin allergy you recommend Clindamycin 600 mg,
30 to 60 minutes prior (Table 116-1).

TABLE 116-1. Regimens for a Dental Procedure*
Regimen: Single Dose 30 to 60 min
Before Procedure

Situation
Oral
Unable to take oral medication

Allergic to penicillins or ampicillin-oral

Allergic to penicillins or ampicillin
and unable to take oral medication

Agent
Amoxicillin
Ampicillin
OR
Cefazolin or ceftriaxone
Cephalexint*
OR
Clindamycin
OR
Azithromycin or clarithromycin
Cefazolin or ceftriaxone*
OR
Clindamycin

Adults

Children

2g
2 g IM or IV

50 mglkg
50 mg/kg IM or IV

1 g IM or IV
2g

50 mglkg IM or IV
50 mglkg

600mg

20 mglkg

500mg
1 g IM or IV

15 mglkg
50 mglkg IM or IV

600 mg IM or IV

20 mg/kg IM or IV

* This table cormponds to Table 7 in the 2008 Focused Update Incorporated Into the ACC/AHA 2006 Guidelines for the Management of Valvular Heart Disease (2).
tOr use other first- or second1Jeneration oral cephalosporin in equivalent adult or pediatric dosage.
*Cephalosporins should not be used in an individual with a history of anaphylaxis, angioedema, or urticaria with penicillins or ampicillin.
IM indicates intramuscular; and IY, intravenous.
Reprinted from Nishimura RA. Carabello BA, Faxon DP, et al. ACC/AHA 2008 Guideline update on valvular heart disease: focused
update on infective endocarditis: a report of the American College of Cardiology/American Heart Association Task Force on Practice
Guidelines endorsed by the Sodety of Cardiovascular Anesthesiologists, Society for Cardiovascular Angiography and Interventions,
and Society of Thoracic Surgeons. JAm Col/ Cardio/. 2008;52:676-685, with pennission from Elsevier.

CASE117
Chest Pain

A

patient presents with chest pain.

QUESTION 1. What do the images in Figures 117-1
and 117-2 show?
A. A transverse arch dissection
B. A dissection of the descending aorta
C. A secundum atrial septal defect with bidirectional flow

Figura 117-1.

Figura 117-2.

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answer
ANSWER 1: B. The images displayed are transesophageal images at 0° at which the descending aorta will
appear as a round structure while the transverse arch
will be a longitudinal image. These are typicai2D transesophageal echocardiogram images demonstrating the
dissection flap at the site of communication between
the true and the false lumen (in this case, flow in both).
Figure 117-3 is from the same site but using real-time
3D imaging, showing that the defect is in fact oval and
not a free flap.

Figure 117-3.

Suggested Reading
Meredith EL. Masani ND. Echocudiography in the emergen·
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2009;10(l):i31-i39.

CASE118
Pattern of Color Flow

A

45-year-old man complains of chest pain and dyspnea on exertion. Upon physical examination he
has a harsh 3/6 systolic murmur and a transthoracic echocard.iogram is obtained.

QUESTION 1. This pattern ofcolor How (Fig. 118-1
and Video 118-1) is virwally pathognomonic for:
A. Mitral stenosis
B. Hypertrophic obstructive cardiomyopathy

(HOCM)
C. Rhewnatic heart disease
D. Status post mitral and aortic valve: replacements

Figure 118-1.

Answer
ANSWER It B. In HOCM, a bifid color jet can be seen
due to high left ventricular outflow tract (Lvon velocity
and mitral regurgitation; systolic anterior motion of the

Suggested Reading
Grigg I.E, Wigle ED, Williams WG, et aL Transesophageal Doppler
echocard.iography in obstructive hypertrophic cardiomyopathy:
clarification of pathophysiology and importance in intraDperativc
decision making.]Am CoO C#r&£ 1992;20(1):42-52.

mitral valve/apparatus (SAM) results in an LVOT gradient
and distortion of the mitral valve, which can result in mitral
regurgitation that is usually directed posterolaterally.

CASE119
Bubbles in Left Ventricle

T

his 62-year-old woman had prior heart valve swgery and a routine follow up echocardiogcam was
performed.

Q.UFSTION 1. See Figure 119-1 and Video 119-1.
What is the reason for bubbles in the left ventricle (LV)?
A. A positive saline bubble study for a right-toleft shunt
B. An LV echocardiogram contrast study for
LV opacification
C. LV bubbles due to a gas-producing microorganism
D. Cavitation bubbles due to a mechanical mitral
valve
Figure 119-1.

Answer
ANSWER I: D. Cavitation is the rapid formation of
microbubbles in fluid due to a local drop of pressure
below vaporization pressure threshold. Cavitation can
cause pressure or thermal shockwaves and fluid microjets
that have the potential to alter the surface of a prosthetic
heart valve and cause erosion of the surface of the valve.
It is prosthetic valve closure that can result in cavitation, which occurs on the upstream side of the valve.

Suggested Reading
Lim WL, Chew Yf, Low HT, et aL Cavitation phenomenon in

mechanical hcan valves: the role of squeeze flow velocity and
contact area on cavitation initiation between two impinging rods.
] BitJmtch. 2003;36:1269-1280.

Cavitation is most often seen with mechanical mitral
valves. It is hypothesized that this is due to the rapid rise
in left ventricular pressure, which closes the mitral valve
against the relatively low left atrial pressure. The generation of these microbubbles (red arrow) by mechanical prosthetic heart valves is thought to be analogous to
the creation of microbubbles by the propeller of a ship.

CASE 120
Prolapsed Mitral Valve Segment

T

he patient is a 47-year-old woman who had progressive dyspnea on exertion over the past 6 weeks.
See Videos 120-1 to 120-6 and Figures 120-1 to 120-4.

Figure 120-4.
Figure 120..1.

QUESTION 1. Based on the 20 transesophageal
echocardiogram (TEE) images, which is the prolapsed
mitral valve (MV) segment?
A. P1
B. P2
C. P3
D. P1 andP2
E. P2 andP3
F. P1 and P3

Figure 120-2.

Figure 120-3.

COMPLEX CASES IN ECHOCARDIOGRAPHY

Answer
ANSWER 1: B. The prolapsed segment is posterior MVmiddle and medial scallop-P2 and P3. However, this
is difficult to discern based on the 2D TEE-note
that in the subsequent 3D TEE images (Fig. 120-5 and
Video 120-7), the flail segments are easy to identify. See
also accompanying intraoperative images (Fig. 120-6 and
Video 120-8) confirming the 3D TEE findings.

Figure 120.6. MV anatomy. AO, aorta; A1, lateral

Figure 120..5.

Suggested Readings
Foster GP, Isselbacher EM, .Rose GA, et al. Accurate localization of
mitral. regurgitant defects using multiplane ttanscsophageal. echocardiography.. Ann ThtJTIIC Surr. 1998;65(4):1025-1031.

aspect of anterior leaflet of the MV; A2, middle
aspect of anterior leaflet of the MV; A3, medial
aspect of anterior leaflet of the MV; P1, lateral
aspect of posterior leaflet of the MV; P2, middle
aspect of posterior leaflet of the MV; P3, medial
aspect of posterior leaflet of the MV; LAA. left
atrial appendage. (Heart dissection by
Robert J. Siegel, MD.)

Izumo M, Shiota M, K.ar S, et al. Comparison of ttal-time threedimem.ional. ttansesoph.ageal echoc:ardiography to two-dime111ional.
tl\UUICJOphageal echocard.iography for quantification ofmitral valve
prolapse in patients with severe mitral. rcgwgiwion. Am J CtmlbJL
2013;111(4):588--594.

