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Stem cell imaging includes molecular imaging, and diagnostic and interventional
radiology. It is possible to make a diagnosis of various complications and diseases
associated with stem cell transplant. This article presents a simplified overview of
stem cell applications and techniques with focus on hematopoietic stem cell transplant imaging.
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P re f a c e
Tr a n s p l a n t I m a g i n g —
Focusing on a Systematic
A p p ro a c h

Matthew T. Heller, MD, FSAR

Puneet Bhargava, MD

Following the world’s first successful liver transplantation in the 1960s, the field of transplantation
has exploded and rapidly evolved. Pancreas,
kidney, small bowel, multivisceral, and stem cell
transplants are now commonplace. The success
of transplantation has been largely due to improvements in immunosuppression and surgical technique. In addition, imaging has evolved to play a
significant role in the care of the transplant patient.
Both donors and recipients are often evaluated
with advanced cross-sectional imaging techniques
during the initial workup and preoperative planning. Ultrasound has emerged as the primary imaging modality for intraoperative consultation and
in guiding perioperative management. Surveillance
imaging has become a mainstay of the long-term
follow-up for transplant patients.
Imaging of the transplant patient can seem formidable to those outside of a major transplant center.
The altered anatomy, variable surgical techniques,
and imaging protocols and optimization can
present challenges to the interpreting radiologist.
In addition, the effects of immunosuppression
create an environment with a unique gamut of complications that can affect almost any organ system.
However, these challenges can be met through
use of a systemic approach to imaging studies
of the transplant patient. First, a thorough understanding of the pretransplant and posttransplant
anatomy is essential to properly performing and

interpreting an imaging examination. This is
achieved through familiarity with the typical orientation of the transplanted organs and the common
surgical techniques. We have found it extremely
helpful to frequently engage the transplant surgical
team in a discussion during interpretation of the
imaging examination. This may allow recognition
of an alternative surgical technique or sequela of
an intraoperative complication. Alternatively, a
thorough review of the operative note may also
provide insight to the findings on the imaging examination. Recognizing that most transplant complications involve the anastomoses will allow the
interpreting radiologist to focus the majority of the
imaging time at these sites. Certainly, as perfusion
of the transplanted organ is of paramount importance, a concerted effort should always be made
to clearly identify the vascular anastomoses and
to promptly communicate any findings of altered
or compromised blood flow. Vascular complications are a leading cause of graft compromise
and are often readily treatable if diagnosis is facilitated. Similarly, perigraft fluid collections are
usually quite amenable to diagnosis and percutaneous intervention. The diagnosis and management of perigraft fluid collections are important to
allow optimal graft function and to treat potential
infection. In the absence of complications identified at imaging, the information contained in the
imaging report contains critical information for the
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transplant team. The absence of a mechanical
complication will allow exclusion of several differential diagnoses and may prompt image-guided
percutaneous biopsy to assess the parenchyma
for changes of rejection. This plus knowledge of
the common manifestations of disease states
associated with immunosuppression will facilitate
titrating of immunosuppressive agents.
This issue of Radiologic Clinics of North America
organizes transplantation imaging into organ system and focuses on the essential anatomy, most
common surgical techniques, and key points for
aiding patient management. Despite the many
complexities involved in transplant imaging, the
ability to follow a standard approach for each patient will allow the radiologist to triage transplant patients into those who may most benefit from
immediate surgical or angiographic intervention,

adjustment of immunosuppression, or continued
imaging and clinical surveillance.
Matthew T. Heller, MD, FSAR
University of Pittsburgh
School of Medicine and Medical Center
200 Lothrop Street
Suite 201 East Wing
Pittsburgh, PA 15213, USA
Puneet Bhargava, MD
University of Washington School of Medicine
1959 Northeast Pacific Street
Room BB308, Box 357115
Seattle, WA 98195-7115, USA
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Pretransplantat io n
I m a g i n g Wo r k u p of t h e
Liver Donor and Recipient
Kristine S. Burk, MDa, Ajay K. Singh, MDb,
Parsia A. Vagefi, MDc, Dushyant Sahani, MDb,*
KEYWORDS
 Liver transplantation  Preliving donor liver transplant imaging  Hepatic artery anatomy and variants
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KEY POINTS
 Preoperative evaluation of the hepatic vasculature, parenchyma, and biliary system with computed
tomography (CT) and MR imaging/magnetic resonance cholangiopancreatography (MRCP) allows
for improved candidate selection and a reduction in transplant operative complication rates.
 Use of low-dose CT protocols, contrast-enhanced MRCP, and image postprocessing (3-dimensional,
maximal intensity projection [MIP], and volume rendering) maximizes preoperative planning while
minimizing the risk of imaging to the donor.
 The purpose of preoperative recipient imaging is to define vascular inflow and outflow, and to determine the extent of tumor burden in Hepatocellular Carcinoma (HCC) patients awaiting transplant.
 Preoperative living donor liver transplantation donor imaging involves assessment of the vascular
and biliary anatomy; evaluation of the hepatic parenchyma for steatosis, iron, and focal lesions;
and calculation of liver volumes.
 Surgically relevant vascular and biliary anatomic variants are common, but most remain eligible for
donation because of prospective identification with imaging and advances in microvascular surgical technique.

Liver transplantation has become the accepted
treatment for patients with end stage liver disease,
with 15,294 candidates currently on the waiting
list.1 In 2013 alone, 5921 liver transplants were
performed. Unfortunately, the availability of organs
remains inadequate to keep up with demands; by
the end of 2013, 12,407 candidates remained on
the transplant list, with 1767 patients dying while
on the waiting list, and 1223 being removed as
they became too sick to qualify for transplant.2

Because of the shortage of cadaveric liver
grafts, transplantation of partial grafts from both
living and deceased donors has developed as a
method for expansion of the potential donor
pool. Although these operations pose a substantial
technical challenge, they do allow a portion of
the waitlisted candidate population to achieve
transplantation, often in an expedited fashion.3
Concomitant with the technical refinements in partial liver transplantation has been the increased
use of imaging techniques to allow for a precise
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understanding of donor and recipient anatomy
prior to surgery. This has allowed for improved
candidate selection and a reduction in operative
complication rates.

hemi-liver graft (segments II-IV 1/ I).7–9 Splitliver transplantation helps mitigate the shortage
of donor livers available, but is a technically
demanding operation and poses an increased
risk of complications for the graft recipient.10–12

TRANSPLANT OPERATION
Cadaveric Liver Transplant

Living Donor Liver Transplant

There are 3 types of liver transplants performed
today: whole-liver cadaveric transplant, split-liver
cadaveric transplant, and living donor liver transplant. The most common type is a complete
cadaveric liver transplant, wherein the entire donor
liver is transplanted into the recipient. This has the
advantage of being the most technically straightforward operation, although organ availability is
limited.4

Split-Liver Cadaveric Transplant
Least common is a split-liver cadaveric transplant,
which accounted for only 1.2% of transplants in
2013.2 Cadaveric split liver can be performed in
situ (in the donor prior to organ retrieval), or
ex vivo (on the back table following liver retrieval)
(Fig. 1).5,6 The most common cadaveric splitting
technique involves a transection plane to the right
of the falciform ligament, resulting in a right trisegment graft (segments I and IV–VIII) for an adult
recipient, and a left lateral graft (segments II–III)
for a pediatric recipient. More rarely, a true right–
left split technique can be utilized for 2 adult recipients, and involves a transection plane to the right
of the middle hepatic vein (MHV) to create a right
hemi-liver graft (segments V-VIII 1/ I) and a left

Living donor liver transplant accounted for 4.0% of
the liver transplants performed in the last 10 years
(Fig. 2).13 The decision of which lobe is transplanted is based on donor anatomic considerations and the anticipated residual liver and graft
sizes. The residual donor liver must be greater
than 30% of the total donor hepatic volume to
ensure adequate postoperative liver function,
and the graft-to-recipient body weight ratio must
be greater than 0.8 to minimize the risk of smallfor-size syndrome in the recipient.4
A left lateral segmentectomy technique is typically used for a pediatric recipient. In this operation, the transection plane runs just to the right of
the falciform ligament (Fig. 3A). If a larger-volume
graft is required, then a full left hepatic lobectomy
with inclusion of the MHV can be performed, with
or without the caudate lobe.
For an adult recipient, either a full-right or full-left
hepatic graft can be used. Historically, the right
lateral hepatectomy technique has been most
commonly performed. In this operation, the liver
is split approximately 1 cm to the right of the
MHV, close to Cantlie line that connects the inferior vena cava (IVC) to the gallbladder fossa
(Fig. 3B). Variations in anatomy of the MHV are
critically important to the success of this

Fig. 1. Ex vivo split-liver cadaveric
transplant—the right tri-segment
graft was transplanted into an adult
recipient with HCC, while the left
lateral segment graft went to an infant with fulminant hepatic failure.

Imaging of Liver Donor and Recipient

Fig. 2. Right lobe living donor liver transplant. (A) Preoperative donor image. (B) Intraoperative photograph after liver parenchymal division but prior to vascular division. (C) Postoperative donor image showing growth in the
remnant left hepatic lobe.

operation, and are discussed in subsequent sections of this review.14 More recently, there has
been a rise in popularity of left hepatic graft transplantation. As it represents less volume removed
for the donor, and accordingly, less volume transplanted to the recipient, the latter procedure is
thought to shift the risk of postoperative complications from the living donor to the recipient.15
Overall, the mortality risk to a living donor is
0.15% to 0.20%, and the risk of postoperative
complication is 40%. Approximately 95% of these
complications are classified as Clavien grade I or
II, requiring at most a percutaneous intervention.16,17 Recipients of living donor liver grafts
also experience a higher rate of complications
postoperatively when compared to recipients of
whole-liver grafts. However, this increased risk is
felt to be offset by the ability to achieve liver transplant with a high-quality liver allograft.18

IMAGING TECHNIQUES
With the advent of biliary contrast agents and imaging postprocessing techniques, CT and MR imaging have replaced conventional angiography,
endoscopic retrograde cholangiopancreatography (ERCP), and intraoperative cholangiography

as the workhorses of pretransplant imaging.
Although MR imaging can be used as a sole imaging modality for this purpose, CT and MR imaging
are more often used together due to their complimentary strengths.19

Computed Tomography/Computed
Tomography Angiography
At the authors’ institution, potential donors are first
imaged with dual-energy CT/CT angiography
(CTA). With its superior spatial resolution, CTA better delineates the small segmental hepatic arteries
and accessory hepatic veins. It is also utilized as
an initial screen for parenchymal abnormalities
that would be contraindications for donation.20 In
the past, CT had also been used to evaluate the
biliary anatomy with the use of iodinated contrast
agents excreted in the bile (Fig. 4). However, these
agents were taken off the US market a few years
ago, and as a result, CT cholangiography is no
longer performed. Efforts are being made to
reduce the radiation dose of the examination as
much as possible, as donors are often young
and healthy. Methods to accomplish this and other
details of the authors’ preoperative CT protocol
are described in Table 1.

Fig. 3. (A) The left lateral segmentectomy LDLT plane runs to the left of the MHV. (B) The right lobe LDLT plane
connects the gallbladder fossa and IVC and runs 1 cm to the right of the MHV.
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MR Imaging/Magnetic Resonance
Cholangiopancreatography
Next, an MR imaging/ magnetic resonance cholangiopancreatography (MRCP) is performed using
a hepatobiliary contrast agent. Fast spoiled
gradient echo sequences are utilized to decrease
image acquisition time and minimize motion artifacts. Parenchymal evaluation involves characterizing incidental focal lesions and determining the
degree of hepatic steatosis.21 Biliary system
evaluation involves a traditional T2 weighted
noncontrast MRCP in addition to a T1 weighted
contrast-enhanced MRCP utilizing Gd-BOPTA
(Multihance, Bracco Diagnostics Inc. Princeton,
NJ) or Gd-EOB-DTPA (Eovist, Bayer Whippany,
NJ).22 These MRCP images supplement the intraoperative cholangiogram routinely performed at
the time of surgery. Further technical aspects of
the authors’ preoperative MR imaging protocol
can be found in Table 1.
Fig. 4. CT cholangiogram showing the common bile
duct and intrahepatic biliary ducts. (From Singh AK,
Cronin CG, Verma HA, et al. Imaging of preoperative
liver transplantation in adults: what radiologists
should know. Radiographics 2011;31:1029; with
permission.)

Image Postprocessing
Postprocessing of the CT and MRI images is
routinely performed. This includes multiplanar reformations, 3-dimensional reconstruction with

Table 1
Technical details of pretransplant imaging by computed tomography and MR imaging

Sequence
CT
Non-contrast
Arterial phase

Combined Portal venous/
Hepatic venous phase

MR imaging
T1 Pre-contrast

Sequence
Details

Structures
Evaluated

2–4 thick slices through
the liver at 140 and 80 kVp
Limit field of view (FOV) to abdomen
Iterative reconstruction
Low kVp
Limit FOV to abdomen
Iterative reconstruction
Weight-based kVp (80 kVp if <150 lbs,
100 kVp if 150–200 lbs, 120 kVp
if >200 lbs)

Parenchyma (steatosis)

Chemical shift imaging
Dixon method imaging
T2 SSFSE
Coronal and axial planes
T2 3-dimensional MRCP
—
TI Postcontrast 2-dimensional Coronal and axial planes
or 3-dimensional GRE
Arterial, portal venous, delayed
gradient echo (GRE)
phases
TI Post-contrast MRCP
20 min delayed phase

Arterial anatomy
Parenchyma (focal lesions)
Portal and hepatic
venous anatomy
Parenchyma (focal lesions)

Parenchyma (steatosis
and iron quantification)
Biliary system
Biliary system
Arterial, portal venous, and
hepatic venous anatomy
parenchyma (focal lesions)
Biliary system

Imaging of Liver Donor and Recipient
maximal intensity projection (MIP) images, and
volume rendering. This image processing allows
for optimal evaluation of the anatomy in the ideal
planes—the hepatic arteries on 3-dimensional or
axial MIPs, the hepatic veins on axial MIPs, the
portal veins on coronal MIPs, and the biliary tree
on 3-dimensional T2-weighted or 3-dimensional
T1-weighted, postcontrast coronal oblique images. Liver volume rendering is performed by
manually tracing the margins of the hepatic parenchyma on each axial section, then summing them
up into a 3-dimensional model; this can be done
for the entire liver, or can be used to isolate individual liver segments or hepatic lobes.23 The volume
renderings, vascular models, and biliary models
can be superimposed on one another for further
delineation of the anatomy.

PREOPERATIVE IMAGING OF THE RECIPIENT
Model for End-Stage Liver Disease Score and
Candidate Eligibility
Candidate eligibility is determined by the patient’s
model for end-stage liver disease (MELD) score.
This 6–40 scoring system—based on the patient’s
bilirubin, international normalized ratio (INR), and
creatinine—was initially created to predict the
3-month mortality for patients with nonHCC
end-stage liver disease (ESLD) undergoing a
Transjugular Intrahepatic Portosystemic Shunt
(TIPS) procedure. It was later applied to transplant

allocation in order to allow for candidate list prioritization based upon medical need.24,25 The
MELD score replaced the Child-Turcotte-Pugh
score as the major determinant of waitlist rank order in 2002.
Those candidates with a diagnosis of unresectable HCC for whom liver transplantation is the
appropriate treatment often have preserved
hepatic function. As a result, their calculated
MELD score often predicts a lower risk of death
than is appropriate. In order to provide HCC candidates access to liver transplantation, MELD
exception points were created. This exception
score starts with a MELD score of 22, with additional exception points awarded every 3 months
if the HCC candidate remains within Milan
criteria.
The primary purpose of recipient imaging in the
preoperative setting is to (1) define arterial and
portal vascular inflow and venous outflow in
select cases (ie, Budd Chiari disease), and (2)
to determine the extent of tumor burden in HCC
patients awaiting transplant. The former is
extremely useful in the candidate undergoing retransplantation. Contraindications to transplant
that need to be excluded by imaging include
extrahepatic malignancy, complete thrombosis
of the entire portal venous system, and stage 3
or 4 primary HCC. Other critical imaging findings
in the transplant recipient are discussed in
Table 2.

Table 2
Critical findings in recipient pretransplant imaging
Relevant Anatomy
Arterial anatomy
Accessory or replaced left or
right hepatic artery
Celiac artery stenosis or
median arcuate ligament
syndrome (MALS)
Splenic artery aneurysm
Hepatic venous
Assessment of thrombus extent
in patients with Budd Chiari
Location of stent in patients with TIPS
Portal venous
Acute portal venous thrombosis
Chronic portal venous thrombosis

Surgical Implication
Additional surgical step during anastomosis
May require vascular reconstruction due to increased risk
for biliary complications and graft infarction
Must be surgically treated to prevent rupture after
transplant
May require an operative thorombectomy
Clamp location is influenced location of proximal portion
of stent in the hepatic vein
Must perform intraoperative thrombectomy
Attempt intraoperative thrombectomy or use donor iliac
vein interposition graft for inflow.
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HCC Nodule Characterization and Transplant
Criteria
For patients with HCC, the Organ Procurement
and Transplantation Network (OPTN) or Liver Imaging Reporting and Data System (LI-RADS)
criteria are used to characterize liver lesions as
benign, suspicious for HCC, or definitely HCC
(Table 3). These classification systems rely on
nodule characteristics including intrinsic signal
intensity and enhancement pattern, washout
pattern, capsule appearance, and nodule
architecture to determine the likelihood that a
nodule is HCC.26,27 Once the liver nodules are
characterized, the Milan criteria are used to determine transplant candidacy. According to these, in
order for a patient to qualify for a transplant, there
must be either a single tumor less than 5 cm, or
less than 3 tumors that are each less than 3 cm
but greater than 1 cm, without extrahepatic malignancy or macrovascular invasion.28 The University
of California San Francisco (UCSF) criteria have
been proposed as an expansion of the previously
defined Milan Criteria and have shown similar
post-transplant outcomes to the Milan criteria. According to these, there must be either: a single tumor less than 6.5 cm, or less than 3 tumors that are
each less than 4.5 cm, with the total sum of tumor
diameters being less than 8 cm.29

Bridging and Down-Staging HCC with
Locoregional Therapy
Patients with HCC whose tumors are growing at a
significant rate or who are expected to wait more

than 6 months on the transplant list may be offered
locoregional therapy to prevent tumor expansion
beyond criteria. This practice, called “bridging to
transplant,” can be accomplished by multiple
types of interventions including: alcohol injection,
thermal ablation (including radiofrequency and microwave ablation), transarterial radioembolization
(TARE), and most commonly transarterial chemoembolization (TACE).30 The choice of which therapy to offer is typically guided by the Barcelona
Clinic Liver Cancer Staging (BCLC) Criteria, which
take into account the number and size of HCC
nodules, the patient’s Child-Pugh score, and the
patient’s Eastern Cooperative Oncology Group
(ECOG) performance status.31 In some regions,
these methods can also be used to downstage a
patient from a transplant-ineligible to transplanteligible status.32

PREOPERATIVE IMAGING OF THE LIVING
DONOR LIVER TRANSPLANTATION DONOR
During preoperative imaging of the living donor
liver transplantation (LDLT) donor, several features
are assessed including the vascular and biliary
anatomy for relevant variants; the hepatic parenchyma for degree of fatty infiltration, iron content,
and focal hepatic lesions; and the calculation of
liver volumes. Although many potential donors
are found to have surgically relevant vascular
(44%) and/or biliary (48%) anatomic variants,
most remain eligible for donation because of advances in microvascular surgical technique. Only
1.9% of these donors are excluded for these reasons (Table 4).33,34

Table 3
Organ Procurement and Transplantation Network and Liver Imaging Reporting and Data System liver
nodule classification systems
Nodule Description

OPTN Classification

LI-RADS Classification

Incomplete or technically
inadequate study
Definitely benign
Probably benign
Indeterminate
probability for HCC
Probably but not
definitely HCC
Definitively HCC

Class 0

—

Class 1
Class 2
Class 3

LR-1
LR-2
LR-3

Class 4

LR-4

Class
Class
Class
Class

LR-5
LR-SV: with HCC invading vein
—
LR-Treated

HCC status after
local therapy
Probably malignant,
but not specific for HCC

—

5A: 5 or >1 cm but <2 cm
5B: 5 or >2 cm but <5 cm
5X: 5 or >5 cm
5T

LR-M

Imaging of Liver Donor and Recipient

Table 4
Contraindications for transplant donors

Table 5
Michel classification of hepatic artery anatomy

Anatomic
Contraindications

Frequency of
Exclusion (%)

Type

Frequency of
Occurrence (%)

>30% Fatty infiltration
Inadequate remnant
liver volume
Small for size graft
Vascular variants
Biliary variants

10.4
21.6

I

55

II

10

III

11

IV

1

V

8

VI

7

VII

1

VIII

4

IX

4.5

X

0.5

3.4
1.9
1.9

Hepatic Arteries
Normal hepatic arterial anatomy (Michel Type I) is
found in only 55% of the population.35 This is a
result of the complex pruning and fusion that
must take place in utero to convert from the
embryogenic hepatic perfusion pattern (left
lateral segment by the left gastric artery, paramedian segment by the common hepatic artery,
right lateral segment by the superior mesenteric
artery) to the normal hepatic perfusion
pattern.21,35 Variant arteries that substitute the
normal artery are termed “aberrant” or “replaced,” and variant arteries that persist in addition to the normal artery are termed “accessory.”
These variants are further described in Table 5.35
Only some of these variant anatomies are surgically relevant, and their relevance depends on
the type of LDLT being performed. A description
of the relevant hepatic arterial variants is found in
Table 6 (Fig. 5).19

Description
Standard
anatomy – RHA,
MHA, LHA from
CHA
Replaced LHA
from LGA
Replaced RHA
from SMA
Replaced RHA
from SMA and
LHA from LGA
Accessory LHA
from LGA
Accessory RHA
from SMA
Accessory RHA
from SMA and
LHA from LGA
Replaced RHA and
accessory LHA
or Replaced
LHA and
accessory RHA
CHA replaced to
SMA
CHA replaced to
LGA

Abbreviations: CHA, common hepatic artery; LGA, left
gastric artery; LHA, left hepatic artery; MHA, middle
hepatic artery; RHA, right hepatic artery; SMA, superior
mesenteric artery.

Table 6
Critical findings in donor pretransplant imaging: hepatic arteries
Description

Surgery Affected

Surgical Implications

Replaced or accessory
RHA
Replaced or accessory
LHA (see Fig. 5)
MHA anatomy

Right LDLT
Full Left or Left lateral
segment LDLT
Both

RHA or LHA <2 mm

Both

Different or extra step during
arterial ligation
Different or extra step during
arterial ligation
Must be preserved in the donor
to prevent hepatic failure
May contraindicate donation since
anastomosis is difficult

Abbreviations: LDLT, living donor liver transplant; LHA, left hepatic artery; MHA, middle hepatic artery; RHA, right hepatic
artery.
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Fig. 5. Axial MIP image from CTA demonstrating early
branching of the celiac artery into the left hepatic artery (red arrow), right hepatic artery (purple arrow),
and splenic artery (blue arrow).

Hepatic Veins
Hepatic venous variants are seen in 16% to 33%
of the population and comprise 30% of the
surgically relevant anatomic variants (Figs. 6
and 7).36–38 If not dealt with intraoperatively,
these can lead to hepatic insufficiency in the
donor or recipient if drainage to a liver segment
is compromised.34 Genetic predisposition for hepatic venous variants has been described; if
these are noted in the donor, special attention
should be paid to the anatomy in a related recipient and vice versa.36 As with the hepatic arteries, the surgical relevance of these variants
depends on the type of LDLT being performed
(Table 7).19

Fig. 6. Coronal reformatted image from a contrast
enhanced CT demonstrating an accessory right hepatic
vein (RHV) (black arrow) draining into the IVC (white
arrowhead), separate from the RHV (white arrow).
This was separately anastomosed in the recipient.
(Adapted from Sahani D, Mehta A, Blake M, et al. Preoperative hepatic vascular evaluation with CT and MR
Angiography: implications for surgery. Radiographics
2004;24:1374; with permission.)

Portal Veins
Portal venous anatomic variants are less common,
although a few surgically relevant variations exist
(Fig. 8, Table 8). Preoperative imaging of the portal
veins also involves measuring the vein diameter at
the site of the proposed anastomosis, since anastomosis of veins of a similar size decreases the risk
of thrombosis or stenosis. This is one of the most
common portal venous complications of liver
transplantation.39 A statistically significant association between portal venous and biliary system
variants has been described. Thus, if portal venous

Fig. 7. Segment VIII drainage into the MHV. (A) Axial T1-weighted preoperative image of a living donor shows a
tributary vein draining segment VIII into the MHV. The hemi-hepatectomy plane transects this accessory vein. (B)
Postoperative axial T1-weighted MR image of the recipient shows atrophy (arrows) of segment VIII caused by
inadequate drainage. (C) Corresponding intraoperative photograph shows congestion of segment VIII. (Adapted
from Catalano OA, Singh AH, Uppot RN, et al. Vascular and biliary variants in the liver: implications for liver surgery. Radiographics 2008;28:369; with permission.)
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Table 7
Critical findings in donor pretransplant imaging: hepatic veins
Description

Surgery Affected

Surgical Implications

Accessory RHV(s)
draining VI, VII, V
(see Fig. 6)
Right lobe segment
veins draining into
MHV (see Fig. 7)
Segment IV draining
into LHV
Common trunk of
MHV and LHV
Small RHV with MHV
draining a significant
portion of the right
hepatic lobe
Early confluence of the
hepatic veins

Right LDLT

Separate anastomosis needed to preserve drainage of
the segment

Right LDLT

Separate anastomosis needed to preserve drainage of
the segment

Right LDLT

Move hepatectomy plane to the left of the MHV since it
is not required for remnant liver drainage
Ensure MHV remains intact for preservation of remnant
liver drainage
Switch from a full left LDLT to a left lateral segment LDLT
if possible

Left lateral
segment LDLT
Full Left LDLT

Both

Increases surgical complexity. May be a contraindication
to donation if the graft will be too small

Abbreviations: LDLT, living donor liver transplant; LHV, left hepatic vein; MHV, middle hepatic vein; RHV, right hepatic vein.

variants are identified, attention should be paid to
the associated biliary tree.40

Biliary System
Biliary system anatomic variations are seen in up
to 33% of the population and have differing
implications based on the type of surgery being
performed (Fig. 9, Table 9).4 A detailed understanding of the biliary anatomy is critical, since
biliary complications are the most common cause
for morbidity after transplant, occurring in up to
40% of patients.39 The most common types of
biliary complications are bile duct stricture and

Fig. 8. Axial CT scan in the portal venous phase demonstrates trifurcation of the portal veins.

bile leak, either from branches to the caudate,
the hepatic duct stump, or from the parenchymal
transection surface.19 Understanding the donor
biliary anatomy through the use of preoperative
MRCP has been shown to prevent these types of
complications.22,41

Liver Parenchyma
The final step of preoperative donor imaging is
evaluation of the hepatic parenchyma. This involves 3 steps: the detection and characterization of focal liver lesions, evaluation for hepatic
steatosis, and measurement of liver volumes.
Focal liver lesions are seen in up to 18% of donors but do not necessarily contraindicate transplant. Depending on lesion etiology (eg, cyst,
focal nodular hyperplasia (FNH), adenoma, hemangioma), size, and location, focal lesions may or
may not disqualify a donor.39
The degree of hepatic steatosis must also be
determined, as greater than 30% fatty infiltration
will overestimate the predicted liver function in
both the donor and recipient. This can result in
hepatic failure after transplant. Therefore, 30%
steatosis is the upper limit tolerated for donation.42 CT findings consistent with this degree
of steatosis include: hepatic density more than
10 hounsfield units (HU) lower than the spleen,
hepatic density less than 40 HU on noncontrast CT, and a hepatic-to-splenic density ratio of less than 0.8 on noncontrast CT.43–45 MR
imaging findings consistent with this degree of
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Table 8
Critical findings in donor pretransplant imaging: portal veins
Description

Surgery Affected

Surgical Implications

LPV from RAPV
RAPV from LPV
Trifurcation into
RPPV, RAPV,
and LPV (see Fig. 8)

Right LDLT
Left LDLT
Both

Relative contraindication to donation
Relative contraindication to donation
Right: must clamp and
anastomose these
separately
Left: ensure you exclude
RAPV from graft

Abbreviations: LDLT, living donor liver transplant; LPV, left portal vein; RAPV, right posterior portal vein; RPPV, right anterior portal vein.

Fig. 9. An accessory right posterior hepatic duct (arrow) drains into the proximal common hepatic duct. Additionally, a segment 4 duct drains into right anterior hepatic duct. This right LDLT donation was aborted due to these
anatomic variants. (A) Source coronal T2 image showing the accessory right posterior hepatic duct draining into
the Common Hepatic Duct (CHD). (B) MIP coronal T2 MRCP image shows this duct proximal to the bifurcation. (C)
intraoperative cholangiogram confirmed the findings.

Table 9
Critical findings in donor pretransplant imaging: biliary system
Description

Surgery Affected

Surgical Implications

RPHD or RAHD draining
into LHD
LHD draining into RAHD
or RPHD
Trifurcation of RAHD,
RPHD, LHD
Accessory hepatic duct
(see Fig. 9)
Segment IV hepatic duct

Both

Contraindication to left lobe donation
Increases complexity of right lobe donation
Contraindication to right lobe donation
Increases surgical complexity of left lobe donation
Increases surgical complexity

Both
Both
Both
Right LDLT

Increases surgical complexity. May be a contraindication
to donation.
Must be preserved in the donor to prevent biliary
complications and hepatic failure

Abbreviations: LHD, left hepatic duct; LDLT, living donor liver transplant; RAHD, right anterior hepatic duct; RPHD, right
posterior hepatic duct.
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Fig. 10. Liver volume imaging and virtual hepatectomy. (A) Axial 3-dimensional reconstructed CT images demonstrating the proposed residual donor liver. (B) Virtual hepatectomy plane running through the donor liver. (From
Singh AK, Cronin CG, Verma HA, et al. Imaging of preoperative liver transplantation in adults: what radiologists
should know. Radiographics 2011;31:1029; with permission.)

steatosis include 30% signal dropout on Dixontype chemical shift in and out-of-phase imaging,
with liver parenchymal signal drop-out normalized to the spleen (SI inphase-SI outphase/SI inphase 100 where SI 5 average liver intensity/
average spleen intensity).46
Finally, liver volumes are calculated to ensure
there will be adequate hepatic volume transplanted into the recipient and an adequate
remnant volume in the donor. In order to perform
this accurately, single breath hold images with
minimal motion artifact on both CT and MR imaging are critical (Fig. 10). The critical report components for LDLT donor pretransplant imaging are
listed in Table 10.

SUMMARY
Preoperative imaging with CT and MR imaging/
MRCP is important for transplant donor and recipient candidate selection and for preoperative planning. A complete understanding of the indications
and contraindications to transplant, the indications
and post-treatment appearance of bridging/downstaging procedures for patients with HCC, and the
steps of the transplant operation help the radiologist craft a succinct and meaningful report.
Respectively, a full understanding of the vascular,
biliary, and parenchymal anatomy helps the surgeon perform liver transplant in as safe a manner
as possible.

Table 10
Preliving donor liver transplant donor imaging report components
Structure Evaluated

Components of Report

Liver parenchyma

Description of fatty/iron infiltration
Characterization of focal lesions
Total liver volume 5 X
Left lobe volume 5 Y
Right lobe volume 5 Z
Description of normal anatomy or accessory/replaced hepatic arteries
The segment 4 artery is a branch of X
Description of bifurcation/trifurcation
Description of three hepatic veins and common trunk
Description of any accessory hepatic veins
Description of bile duct bifurcation/trifurcation
Description of any accessory or anomalous ducts

Liver volume

Hepatic artery anatomy
Portal venous anatomy
Hepatic venous anatomy
Biliary anatomy
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KEY POINTS
 Liver transplant is the treatment of choice for end-stage liver disease.
 Management of transplant patients requires a multidisciplinary approach, with radiologists playing
a key role in identifying complications in both symptomatic and asymptomatic patients.
 Ultrasonography remains the investigation of choice for the initial evaluation of symptomatic patients.
Depending on the clinical situation, further evaluation with CT, MRI or biopsy may be performed or
clinical and imaging surveillance may be continued.

as per the 2009 OPTN data.5,6 The corresponding
rates for live donor transplant were 86.6%,
73.1%, and 61.8% respectively.5 Despite these
impressive figures, liver transplant remains a
complex procedure with significant morbidity
and mortality. The chief causes of early mortality
include surgical complications and acute rejection. The improved survival has led to the emergence of long-term complications caused by
chronic immunosuppressive therapy.6
We discuss the short-term and long-term
posttransplant complications and the role of
diagnostic radiologists in their identification and
management.

SURGICAL TECHNIQUES FOR LIVER
TRANSPLANTATION
It is important to understand the surgical techniques related to liver transplantation to proficiently assess patients in a posttransplant setting.
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Liver transplant is the treatment of choice for endstage liver disease. Management of transplant
patients requires a multidisciplinary approach,
with radiologists playing a key role in identifying
complications in both symptomatic and asymptomatic patients. Liver transplantation has progressed greatly since the world’s first liver
transplant in 1963, and liver transplant is now
the treatment of choice for patients with endstage acute or chronic liver disease.1–4 As per
the Organ Procurement and Transplantation
Network (OPTN) data, 6455 liver transplants
were performed in the United States in 2013
and 3862 transplants in 2014 (up to July 31).
However, this remains inadequate, with 16,269
patients on the wait list as of October 2014.5 Advances in surgical techniques, immunosuppressive therapy, and the multidisciplinary team
approach have led to improved survival, with the
1-year, 5-year, and 10-year survival for deceased
donor transplant being 84.3%, 68.3%, and 53.7%
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ORTHOTOPIC LIVER TRANSPLANT
The major steps of orthotopic liver transplant
surgery include donor and recipient hepatectomies; inferior vena cava (IVC), portal
venous arterial, and hepatic arterial anastomosis;
followed by cholecystectomy and biliary
anastomosis.1,7,8
The sites of vascular and biliary anastomosis
are important to note for radiologists because
these are the most frequent sites of future complications like stenosis. IVC anastomosis is usually the first anastomosis performed. Two
techniques are popularly used. In the standard
technique, the recipient’s IVC is removed along
with the liver and a side-to-side anastomosis of
the donor IVC is performed with the superior
and inferior ends of the recipient IVC. In the
newer piggyback technique, the recipient IVC is
not removed along with the liver, and an endto-side anastomosis is performed between the
donor’s suprahepatic IVC and recipient hepatic
veins at the common stump.1,9–11 This technique
decreases operative time and reduces the risk of
hemorrhage, because no surgical dissection is
required around the recipient IVC. Furthermore,
it is more favorable hemodynamically for the patient because normal IVC flow is maintained during the operation, thus avoiding the need for a
venovenous bypass.1,9,10 The piggyback technique is preferred at our institute for caval
anastomosis.
The portal venous anastomosis is an end-to-end
anastomosis performed between the donor and
recipient portal veins. The extrahepatic portal
vein needs to be at least 4 to 5 mm in diameter
for a successful anastomosis.1,3,8 The hepatic
arterial anastomosis is usually performed with the
recipient hepatic artery as a fish-mouth anastomosis at the site of the gastroduodenal artery
origin.1,3,8 Variant hepatic vascular anatomy
(such as replaced or accessory right or left hepatic
arteries) are commonly encountered in the recipient or the donor, being present in 39% to 48%
of people in previous studies.12,13 Preoperative
knowledge regarding the presence of an anatomic
variant is essential and various surgical techniques
have been described to navigate the variant
vessels. Certain studies have reported the presence of variant anatomy to be associated with
increased complications, although this remains
controversial.14,15
The biliary anastomosis is generally performed
as an end-to-end anastomosis between the
donor common hepatic duct and the recipient
common bile duct (CBD), thus preserving the
sphincter of Oddi and minimizing the risk of

reflux. A biliary-enteric anastomosis (choledochojejunostomy) may be performed in patients
with diseased CBDs (as in primary sclerosing
cholangitis [PSC]) or in cases with a variant
CBD that is too short.1,3,8 Conventionally, a T
tube is placed across the biliary anastomosis after the operation to support the anastomosis. A T
tube also helps to monitor bile output and provides access for cholangiogram. However,
many institutions do not follow this approach,
because it leads to increased patient discomfort
and a higher risk of biliary leak and late
stricture.1,3,8,11,16

LIVING DONOR LIVER TRANSPLANT
Living donor liver transplant is less common in
Western countries because of potential risks to
the donor (risk of death is 1.7 per 1000 in the United
States) and a higher posttransplant complication
rate.17 However, it confers significant advantages
in the form of increased donor pool and timely
transplants.17 Adequate assessment (usually
computed tomography [CT]) of the donor liver
anatomy, including split liver volumes, vascular
and biliary anatomy variations, and fatty infiltration,
is important.18–20 Right lobar transplant is usually
performed. The donor’s right hepatic lobe is first
removed, preserving the middle hepatic vein in
the donor.18–20 This step is followed by recipient
hepatectomy and implantation of the donor lobe.
The operation is technically much more challenging
because of the short donor vessels. End-to-end
hepatic venous, portal venous, and hepatic arterial
anastomosis is performed, followed by biliary
reconstruction with an end-to-end anastomosis
or a hepaticojejunostomy.18–20

NORMAL POSTOPERATIVE APPEARANCE OF
THE LIVER
Knowledge of the expected postoperative findings after a liver transplant is essential to accurately identify complications. As is the norm
with most operations, a certain amount of postoperative fluid and inflammation can be expected at the surgical bed. A small amount of
ascites or fluid in the perihepatic space or along
the hepatic hilum is normally seen, as is mild
reactive right pleural effusion. These conditions
usually resolve spontaneously within a few
weeks.3,21 Prominent reactive periportal and
portacaval lymph nodes are also normally
seen.3,21
An appearance of periportal edema (periportal
hypoattenuation) may be visualized, and occurs because of lymphedema secondary to
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disruption of the normal lymphatic drainage by the
transplant. This appearance may resolve in a few
weeks or may persist for months, and should not
be confused with biliary dilatation. Periportal
edema is a normal finding and does not correlate
with rejection, as was initially suspected.3,21,22
Reperfusion edema and stasis of fluid are
common after transplant and give rise to a
starry-sky appearance of the liver on ultrasonography (US) (described in hepatitis), with
hypoechoic appearance of the liver parenchyma
with relatively echogenic portal venous
walls.11,23
Areas of increased echogenicity on US and
altered attenuation on CT may be seen, representing intraparenchymal bleed/contusion during surgical manipulation.11,23 Pneumobilia is a normal
findings as well. Similarly, portal venous gas is normally seen for the first 2 weeks after the operation
and does not necessarily portend a serious
complication.11,24
The postoperative state is an abnormal state
for the body’s physiology, with various factors
such as postsurgical inflammation and edema,
hepatic engraftment, recovery from the operation, and reperfusion in interplay.11 This state
leads to various seemingly abnormal Doppler
findings. The postoperative appearance of the
vessels and bile ducts is discussed along with
their respective complications.

Table 1
Complications of liver transplant
Vascular
Hepatic arterial
complications
Portal venous
complications
Hepatic vein/IVC
complications
Arterioportal fistula
Biliary
Biliary leak
Biliary stricture
Others: sphincter of
Oddi dysfunction,
cyclosporineinduced stones,
mucocele of cystic
duct
Others
Collections
Hepatic ischemia/
infarction
Rejection
Infections
Neoplasms
Recurrent disease

Thrombosis, stenosis,
pseudoaneurysm
Thrombosis, stenosis
Thrombosis, stenosis
—
—
—
—

Seroma, biloma,
hematoma, abscess
—
—
—
—
—

SURVEILLANCE STRATEGY FOR
COMPLICATIONS/RECURRENCE
Institutional protocols vary but, most commonly, a
baseline postoperative Doppler study is
performed in the first few days after an
uncomplicated transplant, and another is obtained before discharge. A 2010 International
Consensus Conference recommended surveillance cross-sectional imaging along with alpha fetoprotein levels every 6 to 12 months after
transplant.25

COMPLICATIONS OF HEPATIC TRANSPLANT
The complications of hepatic transplant can be
classified as vascular, biliary, and others for the
purposes of discussion (Table 1).2,4 Clinically,
patients with complications present with
increased live enzyme/bilirubin levels, and the
role of the radiologist is to rule out any surgical/
technical causes that can be treated to reverse
the abnormality. In the absence of radiologic
findings to explain the altered hepatic function,
further clinicopathologic work-up is performed
to rule out other causes, such as infection, graft

dysfunction, graft rejection, drug toxicity, and
recurrence of the underlying disease, with a liver
biopsy being required in most cases.1,6

Vascular Complications
Hepatic arterial complications
Normal postoperative appearance US with Doppler
is usually performed within the first 24 hours after
the operation to evaluate the baseline postoperative status of the patient. The normal hepatic artery
shows hepatopetal flow, a rapid upstroke with an
acceleration time (AT) of less than 0.08 seconds,
and a resistive index (RI) of 0.5 to 0.8 (Fig. 1).1,2,4
Increased peak systolic velocities, RI greater than
0.8, or absent diastolic flow may be seen in the first
72 hours after the operation, but they return to
normal within 1 to 2 weeks and are not associated
with increased risk of complications.1,2,4,26 Similarly, lower RI values and tardus-parvus waveform
may be visualized as well, caused by postoperative
edema along the anastomotic site.11 However, it is
important to document their resolution, because
these can be harbingers for vascular complications
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Fig. 1. Normal hepatic arterial waveform on Doppler with a rapid systolic
upstroke, and an RI value between
0.5 and 0.8.

as well. Radiologists must also be familiar with the
normal appearance of the fish-mouth anastomosis
on CT (Fig. 2) to avoid misdiagnosing it as an
aneurysm.
Hepatic artery thrombosis Hepatic artery thrombosis (HAT) is the most common vascular
complication after transplant, occurring in 2%
to 12% of patients (with a higher incidence in
children), with mortalities of 20% to 60%.1,4,23
Early HAT has been variably defined as occurring
within 1 or 2 months of the operation, and is
more severe than late HAT.23,27,28 Late HAT
can occur any time after this, with a median
time interval of 6 months (range, 2–79 months)
as per Gunsar and colleagues.28 Although the
transplanted liver has a dual blood supply, bile
ducts are exclusively supplied by the hepatic artery, and thrombosis may cause biliary ischemia
and necrosis. Complications of early HAT include

hepatic necrosis, biliary leak and bilomas,
bacteremia, sepsis, graft failure, and death.27
Regular US monitoring has decreased the incidence of these complications by allowing early
diagnosis and treatment.
Various risk factors that predispose to development of HAT include small caliber of the vessel
(as in children), difference in calibers between
the donor and recipient arteries, preexisting celiac trunk stenosis in the recipient, use of an
interpositional conduit for the anastomosis, prolonged cold ischemia time for the donor liver, prolonged operative time, retransplant surgery,
technical errors, variant arterial anatomy, and
rejection.2,27,29
Doppler sonography has a high accuracy
(85%–92%) in diagnosing HAT.30,31 The diagnosis
is based on the demonstration of absent flow in the
hepatic artery proper or in the intrahepatic arteries
on Doppler.1,2,4 A syndrome of impending

Fig. 2. Normal bulbous appearance of the fish-mouth anastomosis on US (arrow in A) and three-dimensional (3D)
CT reconstruction of the arterial phase (arrow in B), which should not be mistaken for an aneurysm.
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thrombosis has been described on Doppler US,
characterized by progression of the hepatic arterial waveform from normal diastolic flow to absent
diastolic flow to reduced systolic peaks to
completely absent arterial flow.31 False-positive
Doppler findings can occur because of hepatic
edema, severe hepatic artery stenosis (HAS), or
systemic hypotension.1,2,4 False-negative findings
can occur in late HAT because of the presence of
collaterals, which give rise to a tardus-parvus
waveform in the intrahepatic arteries. Thus, presence of such a waveform should raise suspicion
for HAT along with HAS.1,2,4
Contrast-enhanced US further improves the
sensitivity of Doppler, if available, and can be
used as a problem-solving tool to avoid the
need for angiography.32,33 CT angiography is an
extremely sensitive and specific technique for
evaluating for HAT and may be used in cases of
an indeterminate US scan, and may show secondary hepatic infarcts or findings suggestive of
biliary ischemia (Fig. 3). MR imaging is less
commonly used because of longer examination
time and need for breath holding.1,2,4
Treatment of HAT includes endovascular and
surgical thrombectomy and surgical reconstruction. Retransplant is ultimately required in most
cases.1,2,4
Hepatic artery stenosis HAS is the second most
common vascular complication, occurring in 4%
to 11% of patients.1,2,34 It usually develops at the
anastomotic site within 3 months of the operation,
but can present even years after the operation.2,3,35,36 The risk factors for HAS are similar to
those for HAT, with an additional important factor
being clamp injury. Patients may present with
altered liver function tests or biliary stenosis, or
may be asymptomatic, with progression to hepatic
failure and sepsis if not corrected.1,2,34

Doppler US is again the investigation of choice
to initially evaluate for HAS. Turbulence and focal
area of increased peak systolic velocity (PSV)
greater than 200 cm/s in the main hepatic artery
are direct signs of HAS.1,2,4 Demonstration of
parvus-tardus waveform in the hepatic arteries
distal to the stenosis is an important secondary
sign (Fig. 4). This condition is visualized as delayed upstroke (AT >0.08 seconds) and increased
diastolic flow (RI <0.5).1,2,4 False-positives can
occur because of HAT with collaterals (as previously discussed) and atherosclerotic aortic/celiac
disease.1,2,4 Doppler US has its limitations and
can miss low-grade stenosis. Hence, multidetector CT or digital subtraction angiography should
be performed in patients with high clinical suspicion and normal or indeterminate Doppler
findings.1,2,4
Percutaneous balloon angioplasty or stenting
are comparable treatments of choice for treating
HAS. Since their advent, the need for revision surgery and retransplant has declined.1,2,4,34
Pseudoaneurysm Hepatic artery pseudoaneurysms are rare complications of liver transplant,
with an incidence of 1% to 2%.37 They are mycotic
or secondary to interventional procedures like angioplasty. They can also arise in the small intrahepatic arteries secondary to a biopsy or a biliary
procedure.1,2,4,37 They can be asymptomatic, or
can rupture into the bile ducts, gastrointestinal
tract, or peritoneum to cause hemobilia, upper or
lower gastrointestinal bleeding, or frank hemoperitoneum, respectively.1,2,4,37
Pseudoaneurysms appear as cystic structures
along the course of the hepatic artery on US,
with Doppler revealing internal turbulent flow
with the characteristic yin-yang sign (Fig. 5).
Doppler interrogation of any cystic-appearing
structure in the hepatic hilum is important so

Fig. 3. A 64-year-old man at day 11 after liver transplant with altered liver function tests. US (not shown) showed
lack of color flow in the hepatic artery. Axial contrast CT shows nonopacification of the hepatic artery (arrow in A)
with wedge-shaped peripheral hypodensities (arrowheads in B), consistent with infarcts.
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Fig. 4. A 47-year-old man 3 years after liver transplant, presenting with altered liver function tests. Doppler images
show high PSV at the site of anastomosis in the proper hepatic artery (A) and parvus-tardus waveform distally (B),
consistent with high-grade stenosis. CT angiography (C) with 3D reconstruction (D) confirmed the presence of stenosis with poststenotic dilatation (arrows), indicating a hemodynamically significant stenosis. Angioplasty with
stenting was performed (images not shown) and the patient’s liver function tests normalized subsequently.

as not to miss a pseudoaneurysm. CT and MR
imaging clearly show the arterial enhancing
pseudoaneurysm.1,2,4,37
Treatment options include surgical resection
with arterial reconstruction, especially for mycotic

pseudoaneurysms, for which endovascular treatment has the risk of serving as a nidus for infection.
An actively bleeding pseudoaneurysm may require
emergency occlusion of the hepatic artery for stabilization. Coil embolization for intrahepatic

Fig. 5. A 47-year-old asymptomatic man 1 month after liver transplant. Gray-scale US shows an anechoic area (A)
that shows color flow on Doppler with the classic yin-yang pattern (B, arrow), consistent with pseudoaneurysm.
The pseudoaneurysm was successfully repaired surgically. This case shows the importance of applying Doppler on
every anechoic area that otherwise appears like a collection to rule out a pseudoaneurysm.
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pseudoaneurysms and stent-graft placement for
extrahepatic pseudoaneurysms are the endovascular treatment options.1,2,4,37
Portal venous complications
Normal postoperative appearance A difference in
caliber of up to 5 mm at the site of portal venous
anastomosis may be seen without any clinical
impact.1,23 A normal Doppler study shows hepatopetal flow with mild phasicity and low velocity
(16–40 cm/s) (Fig. 6A).38 The normal postoperative
portal venous flow is usually increased (PSV range,
15–400 cm/s) because of reactive increase in the
splanchnic flow, as is transient portal vein
compression by the postoperative edema, which
decreases over time (Fig. 6B).1,11,39 The high
flow velocity may also cause turbulence, which
should be considered normal in the postoperative
setting and improves with time.1,11
Portal venous complications are rare and occur
in approximately 1% to 2% of cases.1,2,40 Chief
causes include technical issues such as different
calibers of the donor and recipient veins, prothrombotic states, and history of prior surgery.1,3,4
Patients usually present with fulminant hepatic failure in the acute form and with progressive ascites
and portal hypertension in the chronic form.3,6
Portal vein thrombosis Portal vein thrombosis usually presents within the first month after transplant,
but can occur at any time.41 The normal posttransplant portal vein shows an anechoic lumen and
smooth, regular contour on gray-scale US. Acute
portal vein thrombosis appears on US as an echogenic thrombus with no flow on Doppler (Fig. 7).
Rarely, an acute thrombus appears anechoic, but
Doppler still shows a lack of flow.1–4 Power Doppler
is useful to detect slow flow and distinguish between partial and complete thrombosis. A partial
thrombus shows some flow, and may be managed
medically, unlike complete thrombosis.1–4 CT, MR

imaging, and angiography all show filling defects
in the portal vein. Chronic thrombosis may be associated with formation of a portal cavernoma.1–4
Treatment options for portal thrombosis include
thrombolysis, angioplasty, surgical thrombectomy,
revision of anastomosis or venous jump graft, and
retransplant.1–4
Portal vein stenosis Portal vein stenosis commonly
involves the anastomotic site and is generally a late
complication (mean time of presentation, >1
year).41,42 A mild discrepancy in size is normally
seen on imaging. Doppler plays a major role in
the diagnosis, with aliasing and increased PSV
visualized (Fig. 8).1,2,4 A retrospective study of 94
transplants found PSV greater than 125 cm/s and
an anastomotic/preanastomotic velocity ratio of
3:1 (normally 1.5:1) to be 73% sensitive and 95%
to 100% specific for the diagnosis.43 Secondary
signs, such as increasing size of collaterals and
splenomegaly, may be seen because of portal hypertension. A pressure gradient across the anastomosis of more than 5 mm Hg on direct transhepatic
portography is considered diagnostic.1,2,44 Angioplasty and stenting is the treatment of choice.1,2,4

Hepatic vein and inferior vena cava
complications
Normal hepatic veins show a triphasic waveform
caused by direct continuity with the right atrial
pressure (Fig. 9).38 Loss of phasicity, monophasic
waveform, increased velocities, and turbulent flow
may be seen in the early postoperative period
caused by anastomotic edema or compression
by an adjacent collection or hematoma. The prone
position often helps in showing triphasic flow on
follow-up.1–4,11
IVC and hepatic venous complications are uncommon (approximately 1%–2% of cases) and
include thrombosis and stenosis.1,2,40 Predisposing factors include discrepant sizes of the donor

Fig. 6. Normal portal venous Doppler (A) showing hepatopetal flow with mild phasicity. Doppler study of a male
patient on day 1 after liver transplant shows expected increased velocity (B), which should not be considered
abnormal in this setting.
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Fig. 7. A 32-year-old man on day 6 after liver transplant. Doppler shows an echogenic partial thrombus in the
right portal vein (RPV; A, arrow), confirmed on CT (B, arrow). The patient was anticoagulated immediately
and the thrombus resolved completely on the subsequent study (not shown).

and recipient vessels, pediatric transplant, and
retransplant. The piggyback anastomosis is more
prone to certain complications, including hemorrhage (which may be caused by hepatic injury during the operation or by anastomotic dehiscence)
and development of Budd-Chiari syndrome.1,2,45
Clinical manifestations include progressive
abdominal distention caused by ascites and
hepatomegaly.1,2,45

Hepatic
vein/inferior
vena
cava
thrombosis Thrombosis most commonly in-

volves the excluded piggyback retrohepatic
IVC stump, and does not involve the IVC
directly.46 US depicts an echogenic thrombus in
the vessel with lack of flow on Doppler. CT/MR imaging shows the thrombosis and may also show
secondary signs, such as mosaic perfusion
(Fig. 10).1–3

Fig. 8. A 54-year-old man 1 year after liver transplant. Doppler shows turbulent flow at the site of the portal vein
anastomosis with a high PSV of 202 cm/s, suspicious for stenosis (A). The PSV in the preanastomotic segment (not
shown) was 34 cm/s. Coronal venous-phase CT image (B) confirms the finding of portal vein stenosis (arrow). Endovascular portal venous stenting was performed. The prestenting portogram (C) shows severe portal vein stenosis with
retrograde filling of multiple dilated varices. The poststent image shows good opacification of the portal vein (D).
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Fig. 9. Normal hepatic venous (A) and IVC Doppler (B) showing normal phasicity. Doppler study of a man on day
1 after liver transplant shows expected increased velocity (C), which should not be considered abnormal in this
setting. Also note the normal appearance of the piggyback anastomosis (D). MHV, middle hepatic vein; RHV,
right hepatic vein.

Fig. 10. A 57-year-old man 9 years after liver transplant. Axial venous-phase CT shows filling defects
involving the middle and left hepatic veins and extending partially into the IVC (arrow), consistent with hepatic venous thrombosis. The patient was treated
with anticoagulation, with complete resolution of
the thrombus on the follow-up scan (not shown).

Hepatic vein/inferior vena cava stenosis Hepatic
vein/IVC stenosis is most common in living donor
transplants, and usually presents more than a
year after transplant.40,42 Loss of phasicity and
monophasic flow are sensitive but not specific
signs for stenosis. Direct signs include turbulent
flow and increased PSV (3 to 4 times velocity
gradient between the prestenotic and poststenotic segments) at the site of stricture (usually at
the anastomosis) (Fig. 11).1–4 A retrospective
study of 94 patients found a venous pulsatility index of less than 0.45 to be 95.7% specific for
diagnosing stenosis, with the normal mean
venous pulsatility being 0.75 in the study.43 Other
findings include prestenotic hepatic venous dilatation, flow reversal, development of venovenous
and portovenous collaterals, and reduced caliber
at the site of stenosis.1,2,47,48 CT/MR venography
may be used to confirm the findings. Treatment
options include balloon angioplasty and
stenting.1,2,4
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Fig. 11. A 56-year-old woman 1 year after liver transplant with increasing ascites. Doppler shows increased
turbulent flow in the IVC at the site of the anastomosis (PSV 300 cm/s compared with 59.3 cm/s in the preanastomotic segment; [A] and [B] respectively), suggestive of IVC stenosis. This finding was confirmed on IVC venography, with stenting performed for treatment (images not shown).

Arterioportal fistula
Hemodynamically significant fistulas are rare,
occurring in only 0.2% of patients with transplants.49 Overall, they are found in 0% to 5.4%
of transplant patients undergoing angiography,
and are thus a common finding.49
Most fistulas are generally small and are seen on
Doppler as a focal area of aliasing and turbulent
flow, with a low RI (<0.5). Reversal or arterialization
of flow may be seen in the draining vein.41,42,49
Although US is not very sensitive, detecting
only half the fistulae, it detects significant lesions.41,42,49 Hemodynamically significant fistulae
show the Doppler findings described earlier in
the main portal vein of the graft or its first-order
branch.41,42,49 CT/MR imaging shows early
enhancement of the portal venous branches on
arterial phase ahead of the main portal vein and
the superior mesenteric and splenic veins.3 Peripheral transient attenuation defects may also be
seen (Fig. 12). Hemodynamically significant
fistulae may show dilated hepatic artery or draining veins and are more commonly central than peripheral.3,41,42,49 Digital subtraction angiography is
the most sensitive and specific modality, with

hemodynamically significant fistulae showing arterial phase opacification of the main portal vein of
the graft or its first-order branch.41,42,49 Most fistulas can be safely followed up without treatment
unless there is hemodynamic compromise, in
which case endovascular embolization is the treatment of choice.41,42,49
Biliary complications
Biliary complications are the second most common cause of posttransplant hepatic dysfunction
after graft rejection, occurring in 5% to 25% of
patients.2,50 Their incidence is gradually
decreasing because of improved surgical techniques and medical management. They occur
within the first 3 months after transplant, with
some exceptions.1,2,50
The normal posttransplant anastomotic site may
show mild narrowing caused by differences in
caliber of the donor and recipient ducts. Residual
cystic ducts may be present in the donor or recipient systems, or both, and should not be confused
with a leak.51 As previously mentioned, a T tube is
often left in place after the operation, providing
direct access for a cholangiogram.

Fig. 12. A 58-year-old asymptomatic man with hepatic transplant following recent liver biopsy. Axial CT shows a
focal area of hyperenhancement on the arterial phase (arrow in A) associated with a wedge-shaped subcapsular
perfusional abnormality on the venous phase (arrow in B), consistent with an arterioportal fistula.
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Biliary Complications
Biliary leak
Biliary leaks are a common early complication,
occurring in 5% to 10% of cases.50,52 They usually manifest within the first month after transplant, or after the removal of the T tube. The
most common sites of leak include the anastomotic site, cystic duct stump, T-tube entry site
into the duct, and along the resection margin in
a living donor transplant.2,16,46,53 Visualizing a
leak at an atypical site should lead to evaluation
for hepatic arterial involvement because ischemia
can cause biliary leak. The leak can cause a perihepatic biloma or can lead to diffuse biliary peritonitis. Although sterile, superimposed infection
may occur.2,16,46,53
If a T tube is in place, a cholangiogram can
show extravasation at the site of leak. MR imaging
with a hepatocyte-specific contrast agent that is
excreted into the biliary tree may be used to detect
the biliary leak. A hepato iminodiacetic acid (HIDA)
scan is a specific and sensitive test for evaluating
biliary leak (Fig. 13).1–4,46 Alternatively, clinicians
often directly perform percutaneous drainage of
the collection followed by endoscopic retrograde
cholangiopancreatography (ERCP) with stenting.
Although small leaks may close spontaneously,
surgical revision is often eventually needed for
larger leaks.1–4,46
Biliary stricture
Biliary strictures are the most common complication, with an incidence of 12% for deceased donor
and 19% for living donor transplants. They
commonly present within a year after transplant,
although they can manifest many years after transplant as well.50,52 They can be anastomotic or

nonanastomotic, and present with signs of liver
dysfunction and obstructive jaundice.
Anastomotic strictures Anastomotic strictures
are more common, with the mean interval at presentation being 5 to 8 months.50,52 MR cholangiopancreatography (MRCP) and US show biliary
dilatation proximal to the anastomosis with
normal-sized distal CBD. These conditions can
be treated with ERCP (Fig. 14A) and balloon dilatation/stenting, or rarely surgery (choledochojejunostomy). Correlation with clinical and laboratory
parameters is important because patients with
high-grade obstruction may not have dilated ducts
and vice versa.1–4,23
Nonanastomotic strictures Nonanastomotic strictures may be caused by ischemia (the most common cause), infection, or recurrent PSC. They
usually present earlier than anastomotic strictures,
with the mean time to stricture being 3 to 6 months
(although strictures with immunologic causes usually present beyond 1 year).50 Although anastomotic strictures are solitary, nonanastomotic
strictures can be multifocal. Ischemia usually affects single or multiple hepatic ducts at or proximal
to the hilum. Ischemic strictures do not affect the
distal (recipient) CBD because it has good collateral supply.1–4,23 Accordingly, focal or diffuse
biliary dilatation may be seen on imaging. Hepatic
artery evaluation by Doppler reveals stenosis or
thrombosis in such cases. Hepatic arterial abnormality usually precedes stricture formation by 1
to 3 weeks.1–4,23 Severe ischemia may cause
biliary necrosis with sloughing of the biliary epithelium (Fig. 14B). US shows echogenic debris within
the dilated bile ducts in these cases.1,23 Treatment
with repeated balloon dilatation and stenting is

Fig. 13. A 47-year-old man 3 months after liver transplant with an increasing right upper quadrant collection on
US (images not shown). Axial venous-phase CT (A) shows a collection with its epicenter at the site of the biliary
anastomosis, as shown by the suture (arrowhead). The CBD could not be completely traced, and the possibility of
biliary leak was raised. HIDA scan performed subsequently (B) shows complete leakage of the radiotracer into the
peritoneal cavity.
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Fig. 14. (A) A 49-year-old woman 7 months after liver transplant with progressive jaundice. US (not shown)
showed mildly dilated bile ducts. ERCP image shows a severe anastomotic stricture with proximal biliary dilatation. The patient was treated with biliary stenting with good outcome. (B, C) A 51-year-old man 5 months after
liver transplant presenting with altered liver function tests. Coronal MRCP maximum intensity projection image
and ERCP image show multifocal biliary stenosis (including one at the anastomotic site [arrows]) with biloma formation (arrowheads) suggestive of biliary necrosis and breakdown. MR imaging also showed associated HAS (image not shown). The patient was treated with retransplant, with good outcome.

usually attempted, but patients often require surgical revision or retransplant.1,23
Recurrent PSC can also appear similar to
ischemic strictures with multifocal biliary strictures.
Prior history and lack of hepatic arterial involvement favors PSC.1,23,53
Other biliary complications
Dilatation of both the recipient and donor ducts
may be seen in sphincter of Oddi dysfunction,
secondary to devascularization or denervation of
the sphincter during the operation. Sphincterotomy is usually successful.1,2 Kinking of a redundant CBD also uncommonly causes obstruction.3
Cyclosporine-induced biliary stones and sludge
are uncommonly seen. Cyclosporine alters biliary
composition, increasing the frequency of cholesterol stones and sludge.1,23,53
Rarely, patients present with progressive biliary
dilatation caused by compression of the CBD by a
mucocele of the cystic duct, seen as a rounded
collection on imaging. This condition develops
because of both proximal and distal ligation of
the duct.1,3

Other Complications
Postoperative collections
Postoperative fluid collections are a common
observation, and may represent a hematoma,
seroma, biloma, or abscess.1–4 Hematomas usually occur at the sites of anastomosis and in the
perihepatic and subhepatic spaces. Because the
normal peritoneal reflections are removed during

the operation, fluid often collects in the right subhepatic space in the bare area of the liver.1–4
US is often not able to differentiate between the
causes. Bilomas and seromas are often simple
anechoic collections, whereas abscesses and hematomas show debris within.1–4 CT/MR imaging
can identify a hematoma as a hyperattenuating/
T1 hyperintense collection. ERCP and drainage
may be needed for bilomas, whereas abscesses
often need aspiration for diagnosis and treatment.
Hematomas usually resolve on their own within a
few weeks, and can be carefully observed.1–4
Postoperative right adrenal hematoma or thickening may be seen because of hemorrhage
caused by backpressure changes and venous
ischemia during an operation.23
Hepatic ischemia/infarction
These occur because of hepatic arterial abnormality in most (85%) cases, or less commonly portal
venous involvement.3 They appear on US as peripheral geographic or round avascular lesions
with central hypoechoic areas caused by liquefaction. Intraparenchymal gas is occasionally seen,
and hepatic arterial abnormality is usually present
on Doppler. On CT, hepatic infarction appears as
nonenhancing low-attenuation areas that can be
rounded or oval, peripheral, wedge-shaped, or
irregularly shaped, paralleling bile ducts (caused
by biliary necrosis) (see Fig. 3B).49 The differential
diagnosis includes an abscess, which shows peripheral thick enhancement and central necrosis
with occasional foci of gas. Infarcts often have
superimposed infection, and aspiration is needed
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for definitive diagnosis. Treatment is in the form of
percutaneous drainage or surgical excision of the
necrotic tissue.1,3

and intervention play major roles in their diagnosis
and management, as described earlier.

Rejection
The diagnosis of the most common cause of graft
failure, rejection, is based on histopathology. The
role of imaging in these cases is to rule out other
causes of hepatic dysfunction. Acute rejection
usually occurs within the first 90 days after transplant.54 Chronic (ductopenic) rejection manifests
as the vanishing bile duct syndrome, with loss of
bile ducts and cholestasis on pathology.55 Graft
rejection has a nonspecific appearance on imaging, with heterogeneous hepatic echotexture often
being the only abnormality seen on US.1,2,56
Apart from rejection, the other causes for diffuse
parenchymal abnormality include ischemia, hepatitis (usually recurrent infectious or autoimmune
hepatitis), and cholangitis (usually infectious or
recurrent PSC).1,2

Neoplasms
Recurrent primary/metastatic hepatic neoplasms
can develop in transplant patients. In addition,
the chronic immunosuppressed state leads to
the development of posttransplant lymphoproliferative disorder (PTLD) and Kaposi sarcoma early
on, and nonmelanocytic skin cancers and anogenital cancers later.1,2,6 A recent single-institute
study of 534 patients found a higher de novo cancer incidence in liver transplant patients compared
with the general population, with 5-year and
10-year incidences being 11.7% and 24.8%
respectively.57 PTLD is discussed in detail
because radiology plays an important part in its
diagnosis and management.
The incidence of PTLD has significantly
decreased over the last decade because of
improved immunosuppression. Narkewicz and
colleagues58 recently showed that the incidence
of PTLD in the pediatric liver transplant population
(which is higher than in the adult population)
decreased to 1.7% in the period 2002 to 2007
compared with 4.2% in 1995 to 2001. PTLD
develops in a median interval of 7 to 10 months,
although it can develop anytime from a couple of

Infections
The immunosuppressed state makes transplant
patients vulnerable to local and systemic infections in both acute and chronic settings. Almost
half of all transplant patients have at least 1 infectious complication, and more than half of transplant deaths are caused by infection.6 Imaging

Fig. 15. Different sites of PTLD developing in different patients at different time points. (A) Axial contrastenhanced CT shows enlarged bilateral axillary, subpectoral, and mediastinal adenopathy seen 7 years after liver
transplant in a 52-year-old man. The patient also had infradiaphragmatic lymphadenopathy; biopsy revealed
PTLD. (B) Axial venous-phase CT shows hepatic hilar soft tissue (arrow) seen 6 months after hepatic transplant
in a 57-year-old man, proved to be PTLD on biopsy. (C) Axial noncontrast CT shows diffuse bowel wall thickening
(arrow) seen 2 years after liver transplant in a 56-year-old man; proved to be PTLD on biopsy. (D) Axial venousphase CT shows an ill-defined heterogeneously enhancing segment V hepatic lesion (arrow) seen 5 years after
hepatic transplant in a 62-year-old woman; proved to be PTLD on biopsy.
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Fig. 16. A 63-year-old man 5 years after liver transplant. Surveillance CT shows a well-defined arterial enhancing
lesion in segment VIII (arrow in A) with subtle washout on the delayed phase image (arrow in B), suspicious for
recurrent HCC. This finding was confirmed on biopsy and treated with radiofrequency ablation.

months to years after transplant.59,60 Ebstein-Barr
virus is the chief causal agent, with EBVassociated PTLD occurring in the first 2 years after
transplant and non–EBV-associated PTLD occurring later.58,60,61
Abdominal involvement is more common than
extra-abdominal involvement. Lymphadenopathy
involving single or multiple nodal groups (with or
without splenomegaly) is the most common
manifestation, followed by a periportal mass
(Fig. 15A, B). Extranodal involvement can involve
any organ, but the common ones are bowel, liver,
kidneys, and adrenals (Fig. 15C, D). Radiologic
appearance of involvement is similar to other
lymphomas.1,58–61
In transplant patients with hepatocellular carcinoma (HCC), recurrent HCC can also occur,
most commonly involving lungs and liver allografts
(Fig. 16). Other sites include lymph nodes, adrenals, and bones.1,2,62 The median time to HCC
recurrence is greater than a year in most studies,
although one study noted that one-third of its

patients had recurrence
transplant.51–53

within

1

year

of

Recurrent disease
Recurrence (with variable severity) of the disease that required transplant in the first place
is a common complication. Recurrent hepatitis
C virus (HCV) occurs in as many as 90% to
95% of patients after transplant, with 20% to
30% progressing to cirrhosis.63,64 A recent pathology study concluded that the development
of hepatic steatosis at 1 year is an independent
predictor of subsequent development of fibrosis
on multivariate analysis.65 Recent advances in
treatment of HCV with the introduction of highly
active antivirals such as sofosbuvir and ledipasvir hold promise for reducing this rate.64 Hepatitis B virus (HBV) recurrence is less common
because of treatment with HBV immunoglobulin
and antivirals.66 Autoimmune disease such as
autoimmune hepatitis, primary biliary cirrhosis,
and PSC may also recur in 10% to 41% of
Fig. 17. Timeline for complications
of liver transplant. X-axis: Time after
transplant; Y-axis: Complications.
Bold line: Common timeline for
complication to occur; Dashed line:
Less common timeline for complication to occur. Note that complications represent a continuum and
can occur at any time. ABS, anastomotic biliary stricture; HVS, hepatic
vein stenosis; NABS, nonanastomotic
biliary stricture; PVS, portal vein stenosis; PVT, portal vein thrombosis.
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Fig. 18. Algorithm for evaluating liver transplant patients with suspected complications. LFTs, liver function tests.

patients, and is usually treated by increased
immunosuppression.67

OVERALL APPROACH
Clinically, complications are often approached
based on whether they are acute/short-term or
long-term based on the time of presentation after
an operation. Nevertheless, most complications
form a continuum and can present at varying
time points.6 A working clinical differential diagnosis is then made based on the patient’s symptoms and laboratory profile. The timeline of
development of major complications is given in
Fig. 17. A simplified algorithm for evaluation of patients with suspected complications is provided in
Fig. 18 based on our experience. US with Doppler
is the preferred first modality for evaluation in most
cases. Depending on the clinical status of the patient and the US findings, further evaluation with
CT/MR imaging/angiography or biopsy may be
performed or close clinical and imaging surveillance may be continued.
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KEY POINTS
 Renal transplant is the single best treatment of end-stage renal disease.
 Multiphase CT is particularly useful because of detailed evaluation of the kidneys, including the
vascular anatomy and the collecting system.
 MR imaging can be used with the advantage of no ionizing radiation, but its limitation for stone
detection makes it a less preferred method of evaluating potential donors.
 Preoperative knowledge of the renal vascular anatomy is essential to minimize risks for the donor.
 Imaging evaluation of the recipient is also necessary for vascular assessment and detection of incidental findings that could preclude safe transplantation.

End-stage renal disease (ERSD) is increasing in
prevalence as the world population ages.1,2 The
most cost-effective treatment of ERSD, which
also results in the best quality of life, is renal
transplantation. The discrepancy between the
need for transplant and cadaveric organ availability has led to the expansion of the donor pool to
living donors. Harvesting an organ from an otherwise healthy individual requires careful preoperative assessment in order to minimize risks to the
donor. The advent of noninvasive methods for
the evaluation of the renal anatomy of potential
donors, such as multiphase computed tomography (CT) and magnetic resonance (MR) imaging,

along with improvements in laparoscopic surgical
techniques, have resulted in safer preoperative
evaluation and organ harvesting in living renal
donors.

PRETRANSPLANT EVALUATION OF LIVING
RENAL DONORS
Before harvesting a kidney for transplant, the potential donor is evaluated to ensure suitable candidacy for the harvesting procedure and that the
kidney to be donated is suitable for transplantation. Anatomic evaluation of the transplant kidney
as well as its vasculature and collecting system
is necessary for optimal surgical planning. A thorough history, physical examination, and blood

Conflicts of interest: The authors have no commercial or financial conflicts of interest to disclose.
a
Department of Radiology, Northwestern University Feinberg School of Medicine, 676 North Saint Clair, Suite
800, Chicago, IL 60611, USA; b Division of Nephrology, Department of Medicine, Comprehensive Transplant
Center, Northwestern University Feinberg School of Medicine, 676 North Saint Clair, Suite 1900, Chicago, IL
60611, USA
* Corresponding author.
E-mail address: Charmath@nm.org
Radiol Clin N Am 54 (2016) 217–234
http://dx.doi.org/10.1016/j.rcl.2015.09.006
0033-8389/16/$ – see front matter Ó 2016 Elsevier Inc. All rights reserved.

radiologic.theclinics.com

INTRODUCTION

218

Harmath et al
tests are obtained and various imaging studies
(Box 1) are used to evaluate for potential shortterm and long-term complications of renal
donation.
Cardiovascular complications are the most
common short-term complications of living renal
donation, and routine chest radiographs in the
posteroanterior (PA) and lateral projections are
used for routine evaluation. These radiographs
are performed to screen for any signs of longstanding hypertension such as left ventricular
dilatation/hypertrophy and signs of chronic pulmonary disease. An important long-term complication of donation is the development of chronic
kidney disease (CKD) and ESRD. The increased
absolute risk of ESRD in donors is small, with
an estimated risk of ESRD of 30.8 per 10,000 at
15 years after donation compared with 3.9 per
10,000 in their matched healthy nondonors.3
However, even with this small risk, estimating
glomerular filtration rate (GFR) before kidney
donation is necessary to ensure adequate renal
function after donation, in both the donor and
the recipient. There is no consensus on the lower
limit of GFR to determine candidacy for potential
living kidney donor. An estimated GFR of greater
than or equal to 80 mL/min/1.73 m2 is an acceptable renal function to provide adequate GFR for
both donor and recipient.4 At our institution we
use an estimated GFR of greater than 90 mL/
min for any donor less than 50 years of age,
and an estimated GFR greater than 80 mL/min
for donors more than 50 years of age. Several
centers use the 24-hour creatinine clearance
(CrCl) to calculate the estimated GFR. However,
multiple centers opt for nuclear medicine renal
GFR imaging (Fig. 1), especially in cases of
questionable 24-hour urine CrCl. Usually both
kidneys have equal or close to equal GFR.
There is a general consensus that the donated
kidney relative function should not exceed
55%.5 If renal scintigraphy shows significant
discrepancy in function, the candidate is deemed
unsuitable.

Box 1
Imaging evaluation of living renal donors
 Chest radiograph, posteroanterior (PA) and
lateral
 Nuclear medicine renal scintigraphy
 Multiphase CT or multiphase MR imaging
 Screening
mammography
patient >50 years of age)

(if

female

Anatomic evaluation before native nephrectomy
is crucial. Detailed anatomic evaluation can be
performed with CT or MR imaging. Renal ultrasonography (US) is not commonly used for predonation evaluation. The most common indication for
US in the predonation evaluation is when the potential donor has a family history of autosomal
dominant polycystic kidney disease (ADPKD). US
is used as a screening test before a more extensive imaging work-up. If the results are equivocal
(ie, when 1 or 2 cysts are detected), gene-based
test confirmation should be performed.6 A
screening mammography is required for female
living donors more than 50 years of age as a
routine cancer screening.7

IMAGING PROTOCOLS FOR DONOR
EVALUATION
A multiphase cross-sectional examination is
preferred for the evaluation of potential donors.
Multidetector CT with its optimal spatial resolution
is the preferred method in multiple centers. MR
imaging has also been used, because it does not
expose the donor to ionizing radiation. Although
modern MR equipment is capable of the high
spatial and temporal resolution necessary to evaluate a potential renal donor, the superiority of CT
in detecting calcifications, as well as its lower
cost and faster acquisition time, makes it a preferable method. The recently published potential for
complications from free circulating gadolinium
after contrast-enhanced MR imaging even in the
setting of normal renal function has also negatively
affected the use of this modality for donor
evaluation.8
At our institution 3-phase CT is used. Initially a
noncontrast thin-section examination of the
abdomen is obtained. This thin-section examination is followed by CT angiography (CTA) and
excretory phase imaging. Some institutions advocate the use of a topogram for excretory phase imaging in order to decrease the radiation dose.
Multiplanar reformations and three-dimensional
(3D) reconstructions are used for optimal visualization and are preferred by surgeons because they
best simulate their intraoperative plane. The CT
technique used at our institution is presented in
Box 2.
If MR imaging is to be used to evaluate a potential renal donor, it should include MR angiography
(MRA) and MR venography phases, T2-weighted
images, T1-weighted images obtained before
and after the administration of contrast, as well
as MR urography. The MR imaging technique for
the evaluation of potential renal donors used at
our institution is presented in Box 3.

Renal Pretransplantation

Fig. 1. Nuclear medicine renal scan in a potential donor showing near symmetric GFR. (A) Three PA scintigraphic
images show symmetric uptake of the radiotracer within the kidneys. (B) Table and (C) graph corroborate the
nearly symmetric uptake of the kidneys.

IMAGING REPORT
Computed Tomography Examination
The precontrast phase allows the optimal detection of stone disease and atherosclerotic calcification. The number, size, and location of the stones
can be determined (Fig. 2).
Evaluation of the renal parenchyma on the postcontrast images should describe the presence or
absence of renal cysts or solid masses and

measurement of the kidneys in 3 dimensions.
The maximal transverse dimensions are obtained
on the axial plane at the level of the renal hilum,
whereas the craniocaudal dimension can be obtained from either the coronal or sagittal planes,
depending on which best displays the true length,
which may vary slightly with the renal orientation
(Fig. 3).
CTA allows optimal opacification and evaluation
of renal arteries. The number of the arteries, their
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Box 2
Example of comprehensive renal donor CT
protocol

Box 3
Example of comprehensive renal donor MR
imaging protocol

Oral contrast type: water

Contrast dose: 0.1 mmol/kg

Oral contrast volume: 1 pitcher

IV saline: 250 mL, open before positioning patient in the scanner

Oral prep time: 15 minutes before scan
Scan type: spiral

Nurse to prepare 5 mg of furosemide

Breath hold inspiration

Protocol step

Rotation time: 0.5 sec

Scout abdomen and pelvis

Protocol step

Precontrast images

Series 1

Scout breath hold

Preinfusion abdomen

T2 weighted, single shot, fast spin echo

Thickness/interval: 2 mm/2 mm

T1 weighted, in phase and opposed phase,
gradient echo

Series 2
CTA abdomen and pelvis
Intravenous (IV) contrast type: iopamidol 370
mg/mL
IV contrast dose: 100 mL

Diffusion-weighted imaging
T2 weighted, fat suppressed, fast spin echo
3D, T1 weighted, fat suppressed, spoiled
gradient echo

Rate: 4 mL/s

T2-weighted navigator-triggered 3D or rapid
acquisition with relaxation enhancement

Delay: bolus tracking (Hounsfield Unit 100)

T1-weighted 3D MRA acquisition  1

Region of interest (ROI) placement: aorta at
celiac artery

Postcontrast images

Saline volume: 90 mL (test 40 mL/chase 50 mL)
Track delay/scan delay: 10 sec/5 sec
Thickness/interval: 1 mm/1 mm
Series 3

T1-weighted 3D MRA acquisition  3
T1 weighted, fat suppressed, spoiled gradient
echo
T1-weighted, 3D MR urography acquisition

Excretory abdomen and pelvis
IV contrast delay: 480 seconds
Thickness/interval: 2 mm/2 mm
Reconstructions
Coronals: 2  2 mm
Sagittals: 2  2 mm (CT angiography only)
Coronal MIPs: 4  2 mm
3D CTA

caliber, and the location of their origin (from aorta
or rarely from iliac arteries) should be recorded.
The branching pattern should be described
(Fig. 4). Early branching or prehilar branching is
considered when a renal arterial branch arises at
1.5 cm or less from the renal artery origin
(Fig. 5). When multiple arteries are present, the
distance between their origins and the aorta
should be recorded (Fig. 6). Phrenic and adrenal
branches, when present, have to be described

Fig. 2. Precontrast coronal image of a potential donor.
Note the 5-mm nonobstructing calculus in the lower
pole of the left kidney (white arrow).

Renal Pretransplantation

Fig. 3. Renal donor measurements. (A) Axial CTA at the level of the left renal hilum where the transverse (dashed
line) and anterior-posterior (solid line) orthogonal dimensions are measured. (B) Coronal CTA and (C) sagittal CTA
images at the maximal renal length. Either one could be used for the craniocaudal or bipolar renal dimension
(dashed lines).

(Fig. 7). Any irregularities, such as are seen in
fibromuscular dysplasia (Fig. 8), aneurysms
(Fig. 9), or stenosis, are important findings that
should be mentioned. The renal arterial system
may be best evaluated on the maximum intensity
projection (MIP) images.
The number and course of the renal veins should
be evaluated and are easily observed in the arterial
phase because of their early opacification
(Fig. 10). The course of the left renal vein may be
anterior or posterior to the aorta, or retroaortic
(Fig. 11). Also, the convergence pattern of the upper and lower pole veins should be described,
because this may affect the surgical clamping
technique when it occurs too close to the aorta
(Fig. 12). A circumaortic left renal vein (with single
or multiple branches) should be mentioned
(Fig. 13). Prominent lumbar veins (Fig. 14), adrenal
veins, and the insertion point of the gonadal veins
(Fig. 15) should also be pointed out in the report,
because with the laparoscopic approach surgeons need to be forewarned about any variant
anatomy in order to minimize potential vascular injuries and bleeding.9 Accessory veins draining in
the gonadal veins at or less than 2 cm from the
conversion with the renal vein may be included in

the dissection and must be shown. Anomalous
right gonadal vein drainage into the right renal
vein should be depicted. The presence of retroperitoneal varices may be an exclusion factor and
they should be mentioned.
Excretory phase images allow accurate
assessment of the renal collecting systems.
Some institutions advocate the use of a topogram image for this phase, to decrease the radiation dose to the donor. The number of renal
collecting systems in each kidney (Fig. 16), their
joining point, as well as any aberrant course of
the ureters should be noted. Excretory phase imaging is also useful for the detection of urothelial
masses. An example of the CT renal donor protocol report used at our institution is shown in
Box 4. Box 5 contains a summary of findings to
be reported.

MR Imaging
Similar to the CT protocol, multiphase imaging
with different sequences is used to evaluate the
renal donor with MR imaging, including MRA and
MR urography (Fig. 17). The detailed anatomy
and variance described on the CT approach for

Fig. 4. Multiple renal arteries. (A)
Coronal 3D and (B) maximum intensity projection (MIP) CTA images
showing 4 right renal arteries with
similar caliber arising in close proximity from the aorta (arrows).
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Fig. 5. Early branching of renal arteries. Coronal CTA
MIP image showing early branching pattern of the
left renal artery. The upper pole branch takes off at
5 mm from the origin (open arrow).

Fig. 7. Phrenic artery. Coronal MIP oblique CTA image
shows a small right inferior phrenic artery arising from
the proximal right renal artery (solid white arrow).
Note also early branching of the right renal artery
(open arrow).

the evaluation is also valid when providing the MR
imaging report (Fig. 18).

left renal vein conversion close to the aorta may
not allow safe clamping.
A single stone measuring less than 5 mm is not
an exclusion criterion, as long as the stone is not
related to hereditary or systemic disorders potentially leading to the possibility of a high rate of
recurrence.10 If a larger stone burden is present,
the kidney is not suitable for transplant. In addition,
if both kidneys are affected, harvesting 1 of the
organs may be detrimental to the future renal function of the donor. A small (preferably <2 cm)
simple-appearing cyst is not an absolute contraindication to transplant, because some peripheral
cysts can be decorticated at the time of transplant.11,12 More complex lesions prevent donation.
In addition to investigating the kidneys, CT
provides a good overview of potential extrarenal
lesions, especially malignancies that may prevent renal donation in order to prevent transmission of a malignancy from the donor to the
recipient. Box 6 summarizes the factors taken
into consideration on selecting a kidney to be
harvested.

Living Donor Selection
Usually a kidney with less vascular complexity is
chosen for harvesting; preferably the left because
of longer venous pedicle. The largest kidney is
usually preferable, because there is a correlation
between the renal size and long-term transplant
function. If it is not possible to harvest the kidney
with lower vascular anatomic complexity, postharvesting and pretransplantation manipulations are
necessary. In the kidney with significant vascular
anatomic variants, such as multiple renal arteries,
multiple renal veins, or duplicated collecting system, these structures must be reconstructed
before transplantation, increasing organ ischemic
time and placing the donor and recipient at a
higher risk of postoperative complications, such
as renal artery or venous thrombosis, and urinary
leakage. Early branching of the renal arteries
makes safe clamp placement difficult. Similarly,

Fig. 6. Multiple renal arteries with
variable origins. (A) Coronal oblique MIP CTA image showing 2 left
renal arteries with distant origins
from the aorta (white arrows). (B)
Coronal MIP CTA with bone subtraction showing 2 left renal arteries with close origins from the
aorta (solid white arrow). On the
right, additional to the 2 arteries
that arise in close proximity to the
aorta (open arrow), a third artery supplying the lower pole arises more distally (curved open arrow).

Renal Pretransplantation

Fig. 8. Fibromuscular dysplasia. Coronal oblique MIP
CTA image showing incidental fibromuscular dysplasia
in the superiormost right renal artery in this patient
with 2 renal arteries of similar caliber. Note the irregularity of the contour of the superiormost artery (open
arrow) compared with the normal inferior artery (solid
white arrow).

In the case of a deceased donor, no pretransplant imaging is routinely performed. The cadaveric
organ is harvested and suitability for transplant is
performed with gross inspection.

PRETRANSPLANT EVALUATION OF KIDNEY
TRANSPLANT RECIPIENTS
Similar to living kidney donors, kidney transplant
recipients require pretransplant evaluation
(Box 7). In general, the recipient population has
more comorbidities given their stage IV or V CKD
or ESRD. Pretransplant imaging evaluation is a
universal requirement. The donor kidney is usually
placed extraperitoneally in the iliac fossa of the
recipient. Preoperative knowledge of the recipient’s anatomy, mostly the pelvic vascular anatomy, is important for evaluation of potential
vascular targets for the anastomosis. A vascular

Fig. 9. Aneurysm. Coronal CTA image showing an incidental right renal artery aneurysm (white arrow).

inflow abnormality or significant atherosclerotic
vascular calcification may affect the surgical technique and impair graft survival. The urinary bladder
anatomy is also assessed.
The purpose of recipient imaging is also the
detection of conditions that would contraindicate
transplantation or that would be affected by the
long-term immunosuppression that transplant
recipients require. Two main complications of
long-term immunosuppression are malignancy
and infection. Kidney transplant recipients have
a higher overall incidence of posttransplant malignancy (PTM), which is in part attributable to the
more frequent surveillance a transplant patient receives compared with the general population.13,14
With immunosuppression, there is impairment of
DNA repair and reduced immune regulation.15–17
Although most PTM is de novo, donor to recipient
transmission can occur. In addition, unidentified
malignancy before transplant may be unmasked
by immunosuppression.
A chest radiograph is routinely performed to
evaluate for lung nodules and infection, and further
imaging with CT of the chest may be indicated, depending on the patient’s risk factor for bronchogenic carcinoma. CT of the abdomen and pelvis
is also performed. The use of intravenous contrast
depends on the patient’s renal function and dialysis regimen. In patients with ESRD on chronic hemodialysis, the prevalence of acquired renal cystic
disease is high, up to 35% to 50%, and is associated with a higher incidence (6%) of renal cancer in
the native kidneys, which might necessitate
removal of the native kidneys before transplantation18,19 (Fig. 19). If a contrast-enhanced CT
examination cannot be performed to further evaluate a suspicious native renal lesion, US and noncontrast MR imaging may be used. However, both
of these techniques present challenges. US may
be limited because a poor acoustic window and
suboptimal visualization of the usually atrophic
native kidneys often preclude accurate renal evaluation. With MR imaging, the risk of inducing
nephrogenic systemic fibrosis in patients with
ESRD precludes the routine use of gadoliniumbased contrast agents, which limits the evaluation
of renal lesions with MR imaging, but lesions with
marked heterogeneous T2 signal should be regarded with high suspicion, especially if associated with restricted diffusion.
Cross-sectional imaging such as CT is the
preferred method for the evaluation of potential
vascular anastomosis targets and bladder
anatomy. Patients with CKD and ESRD have a
high prevalence of vascular calcification, particularly medial arterial (Mӧnckeberg calcification)
(Fig. 20).20 Extensive vascular calcification at the
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Fig. 10. Duplicate renal veins. (A)
Axial oblique MIP image showing 2
right renal veins draining into the
inferior vena cava (IVC) at the same
level (open arrows). (B) Coronal
volume-rendered
CTA
image
showing 2 left renal veins draining
into the IVC approximately 5 cm
from each other (open arrows).

of ICAs (up to 10% and 22% in the patients without
and with family history of intracranial aneurysm
or subarachnoid hemorrhage, respectively) and
major elective surgery affects intracranial hemodynamics.21,22 The imaging of choice is time of flight
(TOF) MRA or CTA because contrast-enhanced
MRA is contraindicated because of the risk of
nephrogenic systemic sclerosis.23,24

site of anastomosis may make it difficult or impossible for the surgeon to anastomose the donor
renal artery to the recipient artery. In addition,
extensive atherosclerotic disease in more proximal arteries may prevent adequate blood flow to
the transplant kidney. A CT examination is
especially indicated in patients with significant
risks of peripheral arterial disease (PAD), such as
heavy smoking and long-standing diabetes mellitus, as well as with signs of PAD such as diminished pulses in the lower extremities. Although
noncontrast CT can show calcific atherosclerosis,
contrast-enhanced CTA is best to evaluate for
associated noncalcified plaque as a potential
source of inflow disease. In addition to evaluating
the vascular system, native kidneys, bladder, and
any potential infection or malignancy, CT examination is also useful to determine whether the patient
has enough intra-abdominal space for a transplant
and to plan the operation. This determination is of
particular interest in pediatric patients; patients
with large nonfunctioning native kidneys, such as
those with ADPKD; and in cases of previous failed
transplants. An example of the CT protocol used
for the evaluation of transplant candidates is provided in Box 8. In patients with ADPKD it is also
important to screen for intracranial aneurysms
(ICAs) before any major surgical interventions,
because these patients have a higher incidence

In the harvesting procedure, a laparoscopic
approach is preferred in the case of a living donor
renal transplant (LDRT). The preferable kidney,
determined preoperatively as described earlier, is
harvested. Manipulations of the renal arterial system, venous system, and collecting system are performed. In the case of deceased donor, an open
approach is performed. Aortic arterial patches and
inferior vena cava patches may be used when working with a deceased donor renal transplant (DDRT).
The organ is visually inspected, because these are
usually not evaluated pretransplant.
Concomitantly the recipient patient is prepared.
The most common location of the transplant is
within the iliac fossa, and the usual approach is
the lower abdominal Gibson incision25 (Fig. 21).
The laterality of the incision depends on the chosen surgical approach. The most common

Fig. 11. Retroaortic left renal vein. Axial CTA image
showing the left renal vein coursing dorsal to the aorta,
also known as retroaortic renal vein (open arrow).

Fig. 12. Renal vein convergence. Coronal oblique MIP
CTA image. The left renal veins converge in close proximity to the aorta (open arrow).

SURGICAL TECHNIQUE
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Fig. 13. Circumaortic left renal vein.
(A) Superior and (B) inferior
axial volume-rendered CTA images
showing a circumaortic renal vein,
with components anterior and posterior to the aorta (open arrows).

Fig. 14. Lumbar veins. (A) Coronal
volume-rendered CTA and (B) axial
CTA images show a prominent lumbar
vein draining into the left renal vein
near the aortic margin (white arrows).

Fig. 15. Gonadal veins. (A) Oblique
coronal MIP CTA image shows a
prominent left gonadal vein (solid
white arrow) draining into the
left renal vein at less than 2 cm
from the aortic margin. Note also
the small accessory left renal artery
(open arrow). (B) Double oblique
coronal
volume-rendered
CTA
shows a prominent gonadal vein
that joins the inferior left renal
vein (solid white arrow). The superior and inferior left renal veins merge in close proximity to the aorta
(open arrow).

Fig. 16. Partially duplicated collecting systems. (A) Coronal CT excretory
volume-rendered image and (B) coronal 3D CT urogram of different
patients show partially duplicated
collecting systems. The duplicated
collecting system on the right in (A)
(solid white arrows) joins in the midabdomen, whereas the duplicated
left collecting system in (B) (open
arrows) joins near the ureterovesical
junction.
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Box 4
Example template report for CT renal donor protocol
History
Potential renal transplant donor.
Technique
Precontrast helical acquisition of the abdomen and precontrast scout view of the abdomen and pelvis
were obtained. Helical CT scans of the abdomen and pelvis were then obtained following the administration of nonionic iodinated IV contrast. Arterial and excretory phase sequences were performed.
Multiple 3D reconstructions were created from the arterial data set.
Comparison
Findings
CTA abdomen and renal/CTA pelvis
Precontrast
Postcontrast
Vasculature
Renal arteries
Renal veins
Kidneys
There are bilateral symmetric nephrograms without hydronephrosis. No renal mass is seen. There is
symmetric excretion of contrast into the collecting systems.
Right kidney: ___cm (CC)  ___cm (width)  ___cm (AP)
Left kidney: ___cm (CC)  ___cm (width)  ___cm (AP).
Ureters
Pelvic urogenital structures
Lower thorax
The lung bases are clear. There is no pleural effusion. The heart is normal in size.
Liver
Unremarkable.
Biliary tree
There is no biliary ductal dilatation.
Spleen
Unremarkable.
Pancreas
Unremarkable.
Adrenal glands
Unremarkable.
Lymph nodes
Abdomen
There is no abdominal adenopathy.
Pelvis
There is no pelvic adenopathy.
Vasculature
There is no abdominal aortic aneurysm.

Renal Pretransplantation
Peritoneum/mesentery/omentum
There is no free fluid or free air.
Gastrointestinal tract
There is no bowel obstruction.
Body wall
Impression
Abbreviation: CC, Craniocaudal.

Box 5
Important findings to be included in the report
 Report renal stones and atherosclerotic calcifications
 Report renal size and lesions
 Report complete vascular anatomy (arterial and venous)
 Report collecting system (single/duplicated, obstruction, lesions)

Fig. 17. MRA image and MR urogram of a renal donor. (A) Coronal
MRA MIP image shows single renal
arteries (solid white arrows). Note
retroaortic left renal vein (open
arrows). (B) Coronal MR urography
MIP image shows single collecting
systems (solid white arrows).

Fig. 18. Variant artery anatomy on
MRA. (A) Axial volume-rendered
MRA with 2 left renal arteries (white
arrows), and (B) coronal volumerendered MRA with early bifurcation of the right renal artery (white
arrow).
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Box 6
Donor preferred selection
 Larger kidney
 Least vascular and collecting system complexity
 No more than a single stone measuring less than 5 mm
 No more than 1 small simple-appearing cyst

Box 7
Elements to be included in the imaging evaluation of renal transplant recipients
 Chest radiograph, PA and lateral
 CT abdomen and pelvis with or without contrast
 If additional imaging needed: renal ultrasonography and/or MR imaging
 If ADPKD: CTA or time of flight MRA to screen for intracranial aneurysms

Fig. 19. Pretransplant evaluation in a
patient on chronic hemodialysis. (A)
Precontrast and (B) postcontrast CT
of the abdomen shows a large
enhancing lesion in the lower pole
of the right kidney (open arrows),
and a smaller enhancing lesion in
the lower pole of the left kidney
(solid white arrows), consistent with
renal cell carcinomas.
Fig. 20. Atherosclerosis in renal
recipient. (A) Noncontrast axial
volume-rendered and (B) coronal
MIP images of recipient evaluation
show extensive media calcification
involving the iliac arterial system
(open arrows). (C) CTA 3D image
on the same patient shows no significant inflow stenosis or irregularity of the vessel, characteristic of
media calcification.

Renal Pretransplantation

Box 8
Example of comprehensive renal transplant
recipient CT protocol
Oral contrast: none
Scan type: spiral
Rotation time: 0.5 sec
Breath hold inspiration
Protocol step
Series 1
Preinfusion abdomen and pelvis
Thickness/interval: 2 mm/2 mm
If patient is on dialysis and able to receive intravenous contrast
Series 2
CTA abdomen and pelvis
IV contrast type: iopamidol 370 mg/mL
IV contrast dose: 100 mL
Rate: 4 mL/s
Delay: bolus tracking (Hounsfield Unit 100)
ROI placement: aorta at celiac artery
Saline volume: 90 mL (test 40 mL/chase 50 mL)
Track delay/scan delay: 10 sec/5 sec
Thickness/interval: 2 mm/2 mm
Reconstructions
Coronals: 2  2 mm
Sagittals: 2  2 mm (CT angiography only)
Coronal MIPs: 4  2 mm
3D CTA

Fig. 21. The usual surgical approach (dotted line) for
placement of the transplant in the iliac fossa. This
approach is also known as the Gibson incision. (Courtesy
of D.C. Botos, Chicago, IL, 2015.)

approach is to use the right side regardless of the
side of the donor kidney because the right iliac
vein is easier to access than the left (Fig. 22).
Another approach is to use the contralateral side
of the donor kidney (ie, right kidney in the left
side, left kidney in the right side); this technique
is used when the internal iliac artery is chosen for
the anastomosis, because the vessels are in a
convenient position and the renal pelvis is anteriorly oriented, making the ureter accessible if it
needs to be repaired. The third option is to use
the ipsilateral side to the donor kidney (right kidney
to the right side). This option is best when the

Fig. 22. (A, B) The renal transplant is placed in the iliac fossa, and the arterial and venous anastomoses are performed to the iliac vasculature. The ureter is anastomosed to the anterior bladder dome. (Courtesy of D.C. Botos,
Chicago, IL, 2015.)
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Fig. 23. Ipsilateral placement of a
transplant after a failed transplant.
The renal vessels are anastomosed
to the common iliac vessels. This technique can also be used in a dual
transplant in the case of marginal
donor kidney function. (Courtesy of
D.C. Botos, Chicago, IL, 2015.)

external iliac artery is chosen for the anastomosis
because the vessels lie without kinking. For retransplantation, the side opposite to the failed
transplant is the usual choice. However, if this is
not possible, a transabdominal incision and proximal vessels may be used (Fig. 23). In patients in
whom a pancreas after kidney transplant is anticipated, the kidney is preferably placed in the left
renal fossa in order to facilitate the pancreas
transplant.
In simple vascular cases, the renal vein is anastomosed first to minimize ischemia to the leg.
Usually it is anastomosed end to side to the

external iliac vein. In the case of multiple renal
veins, the largest one may be used and the others
ligated. If there are 2 renal veins of similar caliber,
they may be sewn together with the pair-of-pants
technique (Fig. 24), or each vein is anastomosed
to the external iliac vein. In the case of DDRT,
especially when using the right kidney, the donor
vena cava may be used as an extension graft,
because the right renal vein is usually shorter
than the left26,27 (Fig. 25).
The next step is arterial end-to-side anastomosis of the donor renal artery to the external iliac
artery. In DDRT, the donor renal artery (or arteries)
Fig. 24. The pair-of-pants technique
used to anastomose a duplicated renal
vein before transplant. (Courtesy of
D.C. Botos, Chicago, IL, 2015.)

Renal Pretransplantation
Fig. 25. (A–C) Donor vena cava used as an
extension to the right renal vein. This procedure
can be performed on cadaveric donor transplant. (Courtesy of D.C. Botos, Chicago, IL,
2015.)
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is usually kept in continuity with a patch of the
donor aorta called a Carrel aortic patch (Fig. 26)
to facilitate the anastomosis, especially in the
case of multiple arteries. The aortic (Carrel) patch
is not possible in the case of LDRT, and the renal
artery is anastomosed directly to the recipient
external iliac artery. In rare instances the arterial
anastomosis is performed with the internal iliac
artery, aorta, or common iliac artery. This technique may be more commonly seen in pediatric
or retransplant cases. For multiple arteries, several
techniques may be used. An important point is that
the lower pole renal artery should never be ligated
because this usually supplies the ureter and ligation may lead to ureteral necrosis. Small visible
vessels that supply a small part of the cortex
may be ligated. In the case of LDRT and multiple
arteries, they may be individually anastomosed
to the recipient iliac artery or anastomosed to
each other before being anastomosed to the
recipient iliac artery (Fig. 27). Given the high risk
of thrombosis in multiple arteries, heparin intravenous bolus before anastomosis and continuous
infusion in the period immediately after the operation should be used.
The most complex portion of the procedure, the
collecting system, is then addressed. The ureter is
most commonly anastomosed to the anterior
bladder dome; however, it may also be anastomosed to the ipsilateral ureter (ureterostomy) or
the native ureter can be brought up to connect
with the renal donor pelvis (ureteropyelostomy).
Multiple techniques exist to connect the donor
ureter to the urinary bladder. The most common
is the Lich-Gregoir technique. The bladder is first
distended with saline and the detrusor muscles
are dissected. A muscular tunnel is then created
by separating the detrusor muscle from the
bladder mucosa for a length of approximately 2

to 4 cm. The mucosa is then opened and approximated with the ureter. The detrusor muscle is
closed exteriorly, which can function as an antireflux mechanism. A Foley catheter placed preoperatively is retained for at least 3 to 5 days to up to
10 days postoperatively, especially in cases of
risk of bladder obstruction, such as neurogenic
bladder or benign prostatic hyperplasia, or in
cases of possible urinary leak, such as ureteral
reconstruction before anastomosis or bladder
injury. A ureteral stent is routinely placed to prevent ureteral obstruction/stenosis and is usually
removed around 6 week posttransplantation. Prophylactic antibiotics for urinary tract infection are
used and discontinued after the stent removal.
Duplicated collecting systems can be separately
anastomosed to the bladder, or anastomosed to
each other before the recipient bladder anastomosis. Usually the recipient urinary bladder has
not been distended by urine for a long time and
is contracted; however, it often regains function
shortly after transplantation. In cases of nonfunctioning or absent bladder, the ureter can be anastomosed to an ileal or colonic conduit.
In some situations the surgical technique is more
complicated. Such is the case with pediatric enbloc transplants and dual transplantation, used for
marginal donor kidney function to provide adequate
renal allograft function posttransplantation. The recipients of dual transplants are usually older nonobese patients with lower metabolic requirements.
One kidney can be placed on each side, or both kidneys on the same side (preferably the right side).
Usually the right kidney is placed first, and the donor
vena cava extension is anastomosed to the recipient vena cava, followed by the arterial anastomosis
to the right common iliac artery. The left kidney is
then addressed, and the donor vein and artery
anastomosed to the recipient external iliac vein

Fig. 26. A portion of the aorta is resected along with the harvested
cadaveric kidney. This procedure is
called a Carrel aortic patch. (Courtesy of D.C. Botos, Chicago, IL,
2015.)

Renal Pretransplantation

Fig. 27. The types of pretransplant manipulations that can be performed in the case of multiple arteries. (Courtesy of
D.C. Botos, Chicago, IL, 2015.)

and artery. The ureters are then addressed and can
be anastomosed to each other before the bladder
anastomosis or they may each be anastomosed
separately to the bladder.28

SUMMARY
Transplantation remains the single best option for
the treatment of CKD and ESRD. Pretransplant
evaluation is necessary for both the living donor
and the renal transplant recipient to ensure optimal
surgical planning and to minimize risks and complications. Knowledge of the imaging and surgical
procedures enables best radiology collaboration
with the several medical teams involved in the
care of transplant patients.
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KEY POINTS
 Renal transplant complications are categorized as those related to the transplant vasculature, collecting system, perinephric space, renal parenchyma, and miscellaneous complications.
 Ultrasound is often the initial imaging modality used for evaluation of a renal transplant. CT, MR imaging, and nuclear medicine studies are complimentary.
 The most common transplant vascular complications are renal artery stenosis, renal artery thrombosis, renal vein thrombosis, pseudoaneurysm formation, and arteriovenous fistula formation.
 The most common collecting system complications are urine leak and obstruction.
 Renal parenchymal complications include delayed graft function, acute tubular necrosis, rejection
(hyperacute, acute, or chronic), and damage caused by nephrotoxic drugs.

Approximately 69,000 kidney transplants are performed annually worldwide.1 In the United States,
approximately 91% of grafts are functional at
1 year, 82% are functional at 3 years, and 72%
are functional at 5 years.2 Because many causes
of renal transplant failure are potentially treatable,
transplant recipients undergo routine surveillance
so that complications are detected in the early
and treatable stage. This surveillance consists primarily of ultrasound and monitoring of urine output
and serum creatinine values in the immediate
postoperative period.3 Following discharge from
the hospital, serum creatinine values are typically
checked two to three times per week in the first

several weeks following transplant.3 For individuals with stable transplant function, surveillance
intervals become increasingly spaced out to every
3 to 6 months in long-term follow-up.3 An elevated
serum creatinine value detected during one of
these postoperative checks may prompt a renal
transplant ultrasound to investigate for potential
etiologies.
Renal transplant complications are categorized
as involving transplant vasculature, collecting system, perinephric space, parenchyma, and miscellaneous complications. Accurate diagnosis of
these complications on imaging is important for
appropriate patient management. This article reviews normal renal transplant anatomy, imaging
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techniques, and the appearance of renal
transplant complications at imaging. For each
complication, typical presenting symptoms and
treatment options are also reviewed.

NORMAL ANATOMY
Renal transplants are typically placed in the iliac
fossa in an extraperitoneal location. The transplant
main renal artery may be anastomosed to either
the external iliac artery by an end-to-side anastomosis or the internal iliac artery by an end-to-end
anastomosis.4 The operative technique used for
a donor kidney with multiple renal arteries is variable.5 Small accessory renal arteries may be anastomosed to a larger renal artery with the larger
artery anastomosed to the external or internal iliac
artery.5 Alternatively multiple iliac anastomoses
may be performed.5 The transplant main renal
vein is most commonly anastomosed to the recipient external iliac vein via an end-to-side anastomosis. The donor ureter is typically anastomosed
to the anterior or lateral wall of the recipient urinary
bladder.6 A bladder wall myotomy is performed,
and the ureter is directly sutured to the bladder
mucosa.6 For donor kidneys with a duplicated collecting system, both ureters may be implanted
separately into the urinary bladder.7 Alternatively,
the ureters may be joined together and implanted
as a single ureter.7

IMAGING PROTOCOL
Ultrasound
Ultrasound is often the initial imaging modality used
for evaluation of a renal transplant. Benefits of ultrasound include its lack of ionizing radiation and
ability to assess transplant vasculature without
intravenous contrast material. A good acoustic
window is usually available because transplanted
kidneys are typically placed in the iliac fossa and
therefore are not obscured by overlying bowel
gas. Gray-scale ultrasound evaluation should
include documentation of the greatest length of
the transplant, assessment of whether or not hydronephrosis is present, and assessment for a perinephric fluid collection.8
A detailed evaluation of transplant vasculature
also should be performed with color Doppler and
spectral imaging (Table 1). Peak systolic velocity
(PSV) should be recorded at the main renal artery
anastomosis, distal to the anastomosis, and in the
external iliac artery cephalad to the anastomosis
so that the renal artery PSV to external iliac artery
PSV ratio can be computed.8 If more than one
main renal artery is present, each should be documented separately. Resistive indices should be

Table 1
Images to be obtained in ultrasound
evaluation of transplant vasculature
Transplant
Vessel
Main renal
arterya

Main renal
vein
External iliac
artery
External iliac
vein
Interlobar and
segmental
arteries

Components of Evaluation
Record peak systolic velocity at
anastomosis, distal to
anastomosis, and any area
with color aliasing
Record peak systolic velocity at
anastomosis and distal to
anastomosis
Record peak systolic velocity
proximal (cephalad) to the
transplant
Consider recording velocity
just distal to the
anastomosis
Record resistive indices in the
upper pole, interpolar
region, and lower pole

a
If more than one transplant main renal artery is present,
each should be interrogated.

obtained from interlobar or segmental arteries in
the upper pole, interpolar region, and lower pole
of the transplant kidney.8 The transplant main renal
vein should be evaluated from the kidney to its
anastomosis.8 The external iliac vein should also
be evaluated for patency.8
Contrast-enhanced ultrasound also is used to
evaluate renal transplants. Ultrasound contrast
agents are gas-containing microbubbles that
remain in the intravascular compartment.9 These
contrast agents therefore are used to evaluate
for areas of parenchymal infarction, to assess
parenchymal perfusion, and to assess for blood
flow within renal masses.10,11 An advantage of
contrast-enhanced ultrasound as compared with
contrast-enhanced computed tomography (CT) is
that ultrasound microbubble contrast agents are
not thought to result in contrast induced nephropathy. A disadvantage of contrast-enhanced ultrasound is that these agents are not currently
approved for use by the US Food and Drug Administration. Additional software packages also are
required to quantify perfusion with microbubble
technology.
Ultrasound elastography is a relatively new ultrasonographic technology that assesses tissue
stiffness.12 The role of ultrasound elastography in
the evaluation of renal transplants is yet to be
determined because early studies have found
poor interobserver agreement in assessment of
tissue stiffness and mixed results in terms of
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whether measurements of tissue stiffness
correlate with clinical, laboratory, or histologic
findings.12–14

Computed Tomography
CT may be complimentary in the evaluation of renal
transplant complications. If the patient’s renal function allows, intravenous contrast-enhanced CT
angiography (CTA) may be performed to noninvasively confirm a diagnosis of renal artery stenosis
if, for example, PSVs are elevated at ultrasound.
Contrast-enhanced imaging also can be used to
characterize indeterminate focal lesions detected
at ultrasound as cystic or solid. Additionally, intravenous contrast-enhanced CT with excretory
phase imaging (acquired 5–20 minutes after intravenous contrast material administration) can be
used to confirm a urine leak or urinoma. Administration of intravenous contrast material should be
avoided in individuals with impaired renal function
because of the risk of developing contrastinduced nephropathy.15–17
Noncontrast CT is helpful to evaluate the full
extent of a perinephric fluid collection and its relationship to surrounding structures if portions of the
collection are obscured by bowel gas at ultrasound. Also, noncontrast CT is more accurate
than ultrasound for the diagnosis of renal and ureteral stones, especially for small stones.18

MR Imaging
MR imaging also plays a complimentary role in the
evaluation of renal transplant complications. Magnetic resonance angiography (MRA) can be used
to noninvasively confirm renal artery stenosis.
Contrast-enhanced MR imaging can also characterize focal renal lesions as cystic or solid. Additionally, excretory phase imaging can be
performed to diagnose a urine leak or urinoma.
Administration of gadolinium-based contrast
agents in individuals with impaired renal function
has been associated with the development of
nephrogenic systemic fibrosis, a potentially fatal fibrosing condition.17 Contrast agents associated
with the greatest number of nephrogenic systemic
fibrosis cases are gadodiamide (Omniscan), gadopentetate dimeglumine (Magnevist), and gadoversetamid (OptiMARK) and should not be
administered to individuals with impaired renal
function.17 Other gadolinium-based contrast
agents are associated with few if any unconfounded cases of nephrogenic systemic fibrosis,
and understanding of their potential role in the
evaluation of individuals with impaired renal function is evolving.17

Nuclear Medicine
Nuclear medicine studies may be used to evaluate
transplant perfusion or for collecting system injury
following renal transplantation. Technetium-99m
(99mTc) labeled pharmaceuticals are typically
used, either 99mTc-mercaptoacetyl triglycine or
99m
Tc-diethylene triamine.19 The radiopharmaceutical is injected intravenously and sequential images are acquired to evaluate the vascular phase
(flow phase), parenchymal phase (functional
phase), and washout (excretory phase).19 Nuclear
medicine studies are an option for patients with
contraindications to iodinated and gadoliniumbased intravenous contrast agents.

RENAL TRANSPLANT COMPLICATIONS
Renal transplant complications can be categorized as complications of the transplant vasculature, collecting system, perinephric space, renal
parenchyma, and other miscellaneous complications (Box 1).

Vascular Complications
The most common transplant vascular complications are renal artery stenosis, renal artery

Box 1
Renal transplant complications
Vascular
Renal artery stenosis
Renal artery thrombosis
Renal vein thrombosis
Pseudoaneurysm
Arteriovenous fistula
Collecting system
Urine leak
Obstruction
Peritransplant collection
Hematoma
Lymphocele
Urinoma
Parenchymal disease
Delayed graft function
Rejection
Drug nephrotoxicity
Miscellaneous
Posttransplant lymphoproliferative disorder
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thrombosis, renal vein thrombosis, pseudoaneurysm formation, and arteriovenous fistula (AVF)
formation.
Renal artery stenosis
Transplant renal artery stenosis occurs in 0.9% to
8% of patients.20–23 Clinical findings may include
allograft dysfunction, new-onset hypertension,
and a bruit over the graft.23,24 Transplant renal artery stenosis typically presents between 3 months
and 2 years following the transplant.20,25 The stenosis most often occurs at the anastomosis but
also can be more diffuse.25 Stenosis occurs

more commonly following an end-to-end anastomosis of the renal transplant artery to the internal
iliac artery and less commonly following an endto-side anastomosis to the external iliac artery.26
Causes of transplant renal artery stenosis include
suture technique, donor or recipient atherosclerotic disease, arterial trauma during graft harvesting, and cytomegalovirus infection.23,25
At ultrasound, PSV is the most sensitive and
specific finding for the diagnosis of transplant
renal artery stenosis (Fig. 1).23,27,28 Velocity
thresholds from greater than or equal to 200 to
300 cm/s have been proposed with higher

Fig. 1. Transplant renal artery stenosis. (A) Spectral ultrasound shows elevated peak systolic velocity at the anastomosis of greater than 300 cm/s. (B) The velocity in the ipsilateral iliac artery was approximately 50 cm/s, yielding
an anastomotic velocity ratio of six-fold. (C) Spectral Doppler interrogation of a segmental renal artery shows
delay in the systolic upstroke and rounding of the systolic peak, consistent with a tardus-parvus waveform (arrows) caused by the upstream stenosis. The resistive index was 0.43, and the acceleration time was 0.185 seconds.
(D) Maximum intensity projection image from MRA shows near complete loss of signal at the anastomosis (arrow)
consistent with high-grade arterial stenosis.
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threshold values having a higher specificity and
positive predictive value compared with lower
thresholds.23,27,28 Technical parameters must be
optimized to avoid spurious velocity values. Angle
correction should be less than or equal to 60 , and
the angle indicator line should be parallel to the
long axis of the vessel. An acceleration time
greater than or equal to 0.08 to 0.1 second in the
renal or intrarenal arteries is also suggestive of
renal artery stenosis.28 The acceleration time is
defined as the time from the beginning of systole
to the early systolic peak. A ratio of PSV in the
main renal artery to the PSV in the external iliac artery of greater than 1.8 is also suggestive of renal
artery stenosis.28
In some individuals, vessel tortuosity or a poor
acoustic window may limit accurate assessment.
CTA or MRA can be complimentary to noninvasively confirm a diagnosis of renal artery stenosis.
At CTA or MRA, a hemodynamically significant
stenosis is defined as luminal narrowing greater
than 50%.25 Alternatively, if patient presentation
and ultrasound findings are convincing, patients
with suspected renal artery stenosis may go
directly to percutaneous angioplasty with stents
placed in individuals with recurrent disease.29
Renal artery thrombosis
Transplant renal artery thrombosis occurs in 0.4%
to 3.5% of recipients.25,30,31 Patients typically present with an acute reduction in urine output and an
elevation in serum creatinine.25 Arterial thrombosis
most commonly occurs in the immediate postoperative period but may occur at any time following
the transplant. Etiologies include technical factors,
such as vessel kinking, arterial dissection, acute

rejection, hypercoaguable states, and toxicity of
immunosuppressive agents.25,32 At ultrasound,
contrast-enhanced CT, and contrast-enhanced
MR imaging, renal artery thrombosis appears as
absence of flow in the transplant main renal artery
and branch vessels (Fig. 2).
Unfortunately, the graft is typically lost once
arterial thrombosis occurs.25 Surgical thrombectomy may be attempted. Catheter-directed thrombolysis also may be attempted if the thrombosis
occurs outside of the immediate postoperative
period but is generally contraindicated within
14 days of the transplant because of the risk of
postoperative bleeding.33
Renal vein thrombosis
Transplant renal vein thrombosis occurs in 0.55%
to 4% of patients.25,26 Symptoms include pain, fever, swelling in the area of the graft, and/or ipsilateral lower extremity edema.25 Vein thrombosis
most commonly occurs in the early postoperative
period because of such factors as prolonged
ischemia, extrinsic compression on the vein, vein
torsion, or hypercoaguable states.25,34 Later
thrombosis may be caused by acute rejection or
immunosuppressive agents.25,34
At ultrasound, absence of flow in the transplant
main renal vein is diagnostic of renal vein thrombosis (Fig. 3). The transplant main renal artery
also typically demonstrates an extremely highresistance waveform with reversal of diastolic flow
(see Fig. 3). However, reversal of diastolic flow
can also be seen in other conditions that result in
a high-resistance waveform including hydronephrosis, rejection, and extrinsic compression on the
transplant. Contrast-enhanced CT or MR imaging

Fig. 2. Transplant renal artery thrombosis. (A) Sagittal color Doppler ultrasound image demonstrates no detectable flow within the transplant main renal artery or vein. Because the level of renal artery stenosis or thrombosis
could not be determined based on this study, the patient underwent MR imaging. (B) Axial T2-weighted MR imaging demonstrates loss of expected corticomedullary differentiation in the transplant. (C) Axial T1-weighted MR
imaging after administration of intravenous contrast material demonstrates contrast material in the right
external iliac artery (solid white arrow) and internal iliac artery (dashed arrow) and nonopacification of the transplant main renal artery (expected location indicated by black arrow).
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Fig. 3. Renal vein thrombosis. (A) Transplant main renal
artery demonstrates a high-resistance waveform as indicated by reversal of flow in diastole (arrows). Differential
diagnosis for this waveform includes renal vein thrombosis, hydronephrosis, extrinsic compression, or renal
parenchymal disease. No flow was seen in the transplant
main renal vein compatible with renal vein thrombosis.
(B) Sagittal color Doppler image demonstrates no flow
in the transplant main renal vein. (C) Thrombus also extends into the right external iliac vein (arrow).

usually is not necessary for confirmation because
ultrasound and clinical presentation are typically
definitive. If contrast-enhanced CT or MR imaging
is performed, nonopacification of the transplant
main renal vein is seen with thrombus within it.
Historically, immediate transplant removal was
performed following a diagnosis of renal vein
thrombosis because of concerns regarding potential transplant rupture and even death.34
Currently, salvage thrombectomy may be performed in the early postoperative period or
thrombolytics may be administered for individuals with a late renal vein thrombosis.34 Unfortunately, the graft is typically lost even despite
these interventions.25
Pseudoaneurysm
Pseudoaneurysms or AVFs may form as a complication of renal transplant biopsy. At gray-scale ultrasound, pseudoaneurysms appear as a cyst35
(Fig. 4). With application of color Doppler, the
“yin-yang sign” is seen in the aneurysm sac

(see Fig. 4). With spectral Doppler imaging, “toand-fro” flow is visible as flow above and below
the baseline.36 Pseudoaneurysms may be
treated with graded compression, direct percutaneous thrombin injection, or transcatheter
embolization.37
Arteriovenous fistula
AVFs also most commonly occur as a complication of a transplant biopsy because of laceration
of adjacent arterial and venous structures and
resultant creation of a new communication between the two.35 Most AVFs are not identifiable
at gray-scale ultrasound.35 Spectral waveform
analysis is key for the diagnosis of an AVF. Interrogation of the arterial component of the fistula
demonstrates a high-velocity, low-impedance
arterial waveform.35 Interrogation of the venous
component demonstrates an arterialized waveform.35 Larger AVFs may result in vibrations of
the adjacent tissues, which are detectable at color Doppler imaging, also known as the “soft
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Fig. 4. Pseudoaneurysm. (A) Gray-scale ultrasound image demonstrates a well-circumscribed anechoic structure
(solid arrow) in the renal sinus fat with increased through transmission (dashed arrow). Differential diagnosis includes a simple cyst or pseudoaneurysm. (B) Color Doppler image demonstrates the yin-yang appearance of a
pseudoaneurysm (arrow).

tissue bruit.”35 Most AVF are small, asymptomatic, do not require treatment, and many resolve
on their own. The optimal management of large
symptomatic AVFs is somewhat controversial,
and transcatheter embolization may be
performed.37

Collecting System Complications
An elevated serum creatinine value or decreased
urine output may be the first clue to a collecting
system abnormality and typically warrants an imaging work-up.38 The most common complications are urine leak and obstruction.
Urine leak
Urine leak occurs in approximately 1.1% to 6.5%
of transplant recipients.39,40 Leaks are usually
diagnosed early in the postoperative period with
a median time to diagnosis of 4 to 29 days.39,40
Urine leaks most commonly involve the lower ureter followed by the urinary bladder and the upper
ureter/collecting system.39 Direct injury may occur
during organ harvest or reimplantation or may
result from ischemic necrosis caused by vascular
compromise.39
At imaging, a urine leak appears as ill-defined
fluid or a fluid collection. At ultrasound, leaked
urine appears hypoechoic or anechoic and may
contain internal debris. The differential diagnosis
of a perinephric fluid collection at ultrasound
also includes a lymphocele or hematoma. At CT,
attenuation of urine is essentially that of simple
fluid (10 HU). CT attenuation values of lymphoceles are also those of simple fluid. By comparison, the attenuation of hematoma is usually
greater than 30 to 40 HU. At MR imaging, leaked
urine demonstrates predominantly low T1 signal
intensity and predominantly high T2 signal

intensity. Signal intensity may be heterogeneous
because of the presence of debris (Fig. 5). Lymphoceles also demonstrate predominantly low
T1 signal intensity and predominantly high T2
signal intensity. By comparison, the signal intensity of a hematoma varies based on the age of
the blood products. Subacute and chronic blood
products or proteinaceous debris typically
demonstrate intrinsic T1 bright signal at precontrast MR imaging.
If the patient’s renal function allows, contrastenhanced CT or MR imaging with acquisition of
delayed images (5–20 minutes after injection of
contrast material) can be used to noninvasively
establish a diagnosis of urine leak because
excreted contrast material is visible accumulating
in the collection (see Fig. 5). Alternatively, nuclear
medicine studies with 99mTc can be used to noninvasively diagnose a urine leak in individuals with
contraindications to iodine- and gadoliniumbased intravenous contrast media.19,41,42 These
radiopharmaceuticals are excreted by the renal
transplant into the renal transplant collecting
system.
Accurate identification of the site of the leak and
leak size is important for optimal patient management. Small defects in the collecting system or
ureter may be managed with retrograde stent
placement to allow for healing.39 Larger leaks
originating from the ureter may warrant ureteral reimplantation, ureteroureterostomy, and/or nephrostomy tube placement.39 Small bladder leaks
may be treated with catheter drainage to allow
for bladder healing.39 Larger bladder leaks may
warrant primary repair.39 Most urine leaks are
treated successfully. In rare cases, patients have
died because of sepsis related to a urine leak.39
An enlarging peritransplant fluid collection or a
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Fig. 5. Urine leak. (A) Axial T2-weighted image demonstrates a large area of fluid bright signal intensity (asterisk)
with dependent debris (black arrow) located along the medial aspect of the patient’s right lower quadrant renal
transplant (solid white arrow). Fluid is also present in the subcutaneous tissues (dashed arrow). The urinary
bladder (BL) is deviated leftward. (B) Axial T1-weighted postcontrasted image obtained approximately 20 minutes
after administration of intravenous contrast material demonstrates excreted contrast material in the urinary
bladder (solid arrow) and also in the pelvic collection (dashed arrow).

collection that is causing mass effect on the kidney
or collecting system is typically drained, often
percutaneously and with imaging guidance.
Checking the creatinine level in the aspirated fluid
can rule in or rule out a diagnosis of urinoma.
Urinary obstruction
Urinary obstruction may be either primary or secondary. Primary obstruction is defined as obstruction related to a primary collecting system
stricture. Secondary obstruction is caused by
extrinsic compression, most commonly from a fluid
collection or crossing vessel. Ureteral strictures
occur in 2.6% to 6.5% of patients following transplant.39,40 Primary ureteral obstruction may present
early in the recovery period if related to anatomic or
technical factors.39 By comparison, ureteral
obstruction related to ischemia becomes clinically
evident at a median of 6 months.39

At ultrasound, hydronephrosis appears as a
dilated renal collecting system (Fig. 6). Acquiring images with color Doppler imaging is important to
avoid mistaking hilar vasculature for a dilated collecting system. Both a dilated pelvicalyceal system
and renal hilar vasculature appear anechoic at
gray-scale ultrasound. Only hilar vessels fill with color at color Doppler imaging. Another potential pitfall
is mistaking parapelvic renal cysts for hydronephrosis. When adjusting the plane of imaging, parapelvic
renal cysts appear as discrete rounded structures.
By comparison, a dilated renal collecting system appears as connected and relatively tubular anechoic
structures (see Fig. 6). The dilated ureter should be
traced all the way to its insertion into the urinary
bladder to try to determine the site and cause of
obstruction (Fig. 7). Identification of a ureteral jet
within the bladder indicates that the ureteral
obstruction is not complete. A high-resistance

Fig. 6. Transplant hydronephrosis. (A) Color Doppler image demonstrates anechoic rounded structures in the
renal sinus (arrows). (B) Color Doppler image in a slightly different plane demonstrates a tubular morphology
of these anechoic spaces (arrow) indicating hydronephrosis.
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Fig. 7. Ureteral stricture. (A) Axial T2-weighted image demonstrates mild to moderate transplant hydronephrosis
with urothelial edema. (B) Axial T2-weighted image demonstrates mild to moderate hydroureter, also with urothelial edema (arrowheads). (C) Axial T2-weighted image at the level of the urinary bladder demonstrates tethering of the ureter at the ureterovessicular anastomosis (arrow).

waveform with an elevated resistive index and even
reversal of diastolic flow can also be seen with
obstruction. Resistive index is defined as (PSV end diastolic velocity)/PSV.
Stenting may be adequate treatment of some
patients.39 In one series of 46 patients with strictures, 33 ultimately required operative repair,
most commonly ureteral reimplantation.39

Renal Parenchymal Complications
Renal parenchymal complications include delayed
graft function, acute tubular necrosis, rejection
(hyperacute, acute, or chronic), and damage
caused by nephrotoxic drugs. These complications are generally not distinguishable based on
imaging, and the role of imaging is to rule out other
potentially treatable causes of renal transplant
dysfunction including vascular and collecting

system abnormalities. Transplant biopsy may be
performed to establish a diagnosis.
Delayed graft function is defined as the need for
dialysis within 1 week following transplant.43 Delayed graft function occurs in 20% to 30% of recipients of cadaveric renal transplants and is
thought to be related to cold ischemia time.44,45
Acute tubular necrosis is a potential cause of delayed graft function.46 Many patients who experience delayed graft function eventually regain
function of the renal transplant. However, recipients who experience delayed graft function have
a 41% increased risk of graft loss compared with
those who do not experience delayed graft
function.47
Hyperacute rejection is identified immediately in
the operating room at time of initial transplant
perfusion and appears as abrupt cessation of
transplant perfusion caused at the histologic level

Fig. 8. Acute rejection. (A) Spectral evaluation performed on postoperative Day 1 following renal transplantation
demonstrates a normal waveform in an interlobar artery with a resistive index of 0.64 The patient then experienced a marked decline in urine output. (B) Follow-up ultrasound on postoperative Day 3 demonstrates a markedly abnormal high-resistance waveform with no diastolic flow and a resistive index of 1.0. The patient
underwent biopsy, which revealed acute cellular rejection.
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Fig. 9. Failed renal transplant. Noncontrast axial CT
image demonstrates a partially calcified mass (arrow)
in the left iliac fossa reflecting a failed renal transplant that has atrophied and partially calcified.

by small vessel thrombosis and cortical
ischemia.48 Hyperacutely rejected kidneys are
not salvageable and are explanted. Acute rejection
may present in the immediate postoperative
period with deteriorating transplant function and
occurs in up to 33% of transplant recipients.49
Chronic rejection is a cause of the slow deterioration in renal function experienced by many
transplant recipients.50,51 Other medical causes
of deteriorating renal function include chronic
allograft nephropathy, antibody-mediated microcirculation injury, drug toxicity related to immunosuppressive agents, and recurrent medical renal
disease.50–53
At ultrasound, elevated resistive indices greater
than 0.80 may be seen with rejection and other
medical renal diseases (Fig. 8).54,55 Elevated

resistive indices are a nonspecific finding that is
seen in other conditions including ureteral
obstruction, renal vein thrombosis, and extrinsic
compression on the transplant.56 The diagnosis
of rejection is established by tissue sampling and
is treated by titrating immunosuppressive agents,
often with a corticosteroid burst for acute rejection. Other etiologies of medical renal disease
also are typically diagnosed by biopsy, and treatment is usually medical management. Ultimately,
medical renal disease or rejection may be a cause
of transplant loss. Over time, nonfunctional renal
transplants slowly atrophy and calcify. A failed
renal transplant may appear as a calcified mass
at CT (Fig. 9).

Peritransplant Collections
The most common peritransplant collections are
hematoma, lymphocele, and urinoma.
Hematoma
Peritransplant hematomas are common in the
early postoperative period. Small hematomas
may be detected incidentally at imaging. Large hematomas may result in patient pain. At ultrasound,
blood products appear as a heterogeneous perinephric collection (Fig. 10). At CT, a peritransplant
hematoma appears as peritransplant fluid with an
attenuation value greater than 30 to 40 HU. At
MR imaging, the signal intensity of hematomas is
typically heterogeneous and varies somewhat
based on the age of the blood products. Hematomas may demonstrate areas of low to high T1
and T2 signal intensity.
Small hematomas that are not resulting in
deleterious mass effect on the transplanted kidney
are typically observed and resolve without

Fig. 10. Perinephric hematoma. (A) Gray-scale ultrasound demonstrates heterogeneous material (arrow) around
the renal transplant compatible with blood products. (B) Additional gray-scale image demonstrates additional
heterogeneous material (arrows) around the renal transplant.
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Fig. 11. Subcapsular hematoma. (A) T1-weighted image demonstrates a small to moderate subcapsular hematoma demonstrating intermediate T1 signal (arrowhead). (B) Axial T2-weighted image demonstrates corresponding low T2 signal in the hematoma (arrow).

Fig. 12. Lymphocele. (A) Gray-scale ultrasound image demonstrates a 13-cm predominantly anechoic cystic structure (arrow) along the posterior aspect of the renal transplant. No blood flow was seen in this structure at color
Doppler imaging (not shown). (B) Axial noncontrast CT image demonstrates a well-circumscribed low-attenuation structure (solid arrow) along the posterior aspect of the renal transplant (dashed arrow).

Fig. 13. Lymphocele. (A) Sagittal T2-weighted MR imaging demonstrates a tubular area of fluid bright signal
(asterisk) along the posterior aspect of the renal transplant. (B) Coronal T2-weighted image demonstrates encasement of the left common iliac vein (arrow) by the lymphocele (asterisk). (C) Coronal T1-weighted postcontrast
image demonstrates excreted contrast material in the urinary bladder (arrow). The lymphocele (asterisk) demonstrates low T1 signal intensity (asterisk) and does not contain excreted contrast material.
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Fig. 14. PTLD. (A) Axial T1-weighted postcontrast image of a left lower quadrant renal transplant demonstrates
multiple hypoenhancing masses (arrows). Tissue sampling revealed PTLD. (B) Axial T2-weighted image demonstrates intermediate to low signal in the dominant lesion (arrow).

intervention. Percutaneous drainage of a hematoma is generally not advisable because typically
clotted blood products do not drain adequately
through percutaneous drainage catheters.57 Additionally, percutaneous drainage may result in
infection of a previously sterile hematoma.57
Peritransplant hematomas should be distinguished from subcapsular hematomas (Fig. 11).
Subcapsular hematomas may occur following
trauma or transplant biopsy. Subcapsular hematomas appear as an area of blood products that
exerts mass effect on the underlying renal parenchyma (see Fig. 11). This mass effect may result
in hypertension.58 Subcapsular hematomas typically resolve on their own.58
Lymphocele
Lymphoceles form from leakage of lymph from
recipient lymphatic channels.59 Symptomatic lymphoceles develop in 3.3% of patients following
renal transplant.60 Lymphoceles may result in
pain in the area of the graft or ipsilateral lower extremity or scrotal edema.60 Additionally, lymphoceles may result in impaired graft function and/or
hydronephrosis.61
At ultrasound, lymphoceles appear hypoechoic
to anechoic (Fig. 12) and may be septated.62 At
CT and MR imaging, lymphoceles appear as
well-circumscribed areas of simple fluid attenuation (10 HU at CT) (see Fig. 12) or fluid signal
(low T1 signal intensity and high T2 signal intensity
at MR imaging) (Fig. 13).
Small, asymptomatic lymphoceles may resolve
on their own and may be observed with followup imaging. Management options for a symptomatic lymphocele include percutaneous drainage
and surgical drainage with fenestration.60 Percutaneous drainage is associated with a 30% recurrence rate and a 17% rate of infection.61
Following surgical drainage with fenestration,

lymphoceles recurred in 7% of patients and
recurred an average of 7 months following initial
surgery in one series.60
Urinoma
Urinomas result from a collecting system or
bladder injury. The imaging findings of urinoma
were discussed previously.

Miscellaneous Complications
Posttransplant lymphoproliferative disorder
Posttransplant
lymphoproliferative
disorder
(PTLD) results primarily from decreased levels of
immunosurveillance caused by immunosuppressive agents in patients following transplantation.63
Most cases are attributed to Epstein-Barr virus.63
At imaging, PTLD may appear as a solid mass or
multiple masses with or without associated lymphadenopathy (Fig. 14).63 When PTLD occurs
following renal transplantation, the most common
sites of involvement are the gastrointestinal tract,
central nervous system, and kidneys.64
PTLD can range from a relatively benign
lymphoid hyperplasia to aggressive lymphoma.
Tissue sampling is required to establish the subtype and guide management.63 Treatment of
PTLD is usually initially reduction in immunosuppressive regimens. Chemotherapeutic agents
may be required for some forms of PTLD.

SUMMARY
Many treatable renal transplant complications are
diagnosed with imaging. Ultrasound is typically
the initial imaging modality used to evaluate
vascular patency, the collecting system, and for
perinephric fluid collections. CT, MR imaging,
and nuclear medicine studies play a complimentary role. Accurate diagnosis of renal transplant
complications is important because many complications are potentially treatable if detected early.
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INTRODUCTION
Whole organ pancreas transplantation is an
accepted and valid therapeutic option for patients
with insulin-dependent diabetes mellitus (type 1
and type 2), or patients who have undergone prior
total pancreatectomy. By eliminating the need for
daily glucose monitoring and insulin administration, pancreas transplantation can significantly
improve quality of life, while also preventing lifethreatening complications associated with hypoglycemic unawareness (lack of warning symptoms
associated with hypoglycemia). Moreover, transplantation is the only long-term treatment of
diabetic patients that can attain insulin-free euglycemia, and prevent, reverse, or delay the onset of
end-organ complications such as retinopathy,
nephropathy, and coronary artery disease.1 For
patients with diabetes and renal insufficiency,
combining pancreas and kidney transplant has
also been shown to increase long-term survival.2

Approximately 80% of pancreas transplants are
performed as simultaneous pancreas-kidney
(SPK) transplants; however, they can also be performed successfully as pancreas after kidney
(PAK) transplants or as pancreas transplant alone
(PTA).1 SPK transplant is ideal for most patients,
particularly those younger than 55 with renal insufficiency, resulting in better graft success due to the
ability to use serum creatinine to concurrently
monitor both transplants for rejection.3 PAK transplant offers the ability to perform a living donor
renal transplant followed by a deceased donor
pancreas transplant, thus reducing time spent on
the transplant waiting list for 2 organs. PTA is
only appropriate for a minority of patients who
have severe hypoglycemic unawareness and preserved renal function. Patients who have SPK
transplantation have improved 10-year survival
compared with diabetic patients receiving kidney
transplantation alone, with 23.4 years versus
12.9 years, respectively.4
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 Anatomic detail of pancreatic transplantation is complex and requires consideration of endocrine
and exocrine drainage of the pancreatic graft.
 The venous drainage can be via a systemic pathway or portal pathway, whereas the exocrine
drainage can be through the bladder or enteric pathways.
 Pancreatic transplantation is associated with several complications, which could be related to
vasculature, the pancreatic parenchyma, or related to other surgical factors.
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During graft procurement, the pancreas is
removed along with a variable length of intact
duodenal C-loop. Because the gastroduodenal artery is usually divided during liver procurement,
pancreas transplant arterial supply primarily consists of the superior mesenteric artery and splenic
artery and their branches.2 To perform the arterial
reconstruction, the donor iliac artery bifurcation is
most commonly procured simultaneously for
vascular reconstruction as a Y graft. The donor
common iliac artery (stem of the Y graft) is anastomosed end-to-side to the recipient common iliac
artery, while the donor internal and external iliac
arteries (limbs of the Y graft) are anastomosed
end-to-end to the stumps of the splenic and superior mesenteric arteries of the transplanted
pancreas (Fig. 1).
Venous drainage of the pancreas transplant
consists of intrapancreatic tributaries that drain
into the splenic vein, superior mesenteric vein,
and portal vein.2 The donor portal vein can be
anastomosed to the recipient inferior vena cava
or iliac vein (systemic drainage), or the superior
mesenteric vein (portal drainage). Bypassing the
liver in systemic venous drainage can result in
systemic hyperinsulinemia, which is thought to
adversely affect lipid metabolism and predispose
patients to accelerated atherosclerosis, although
this has never been shown to be induced by
a pancreas transplant or to result in higher

Fig. 1. Explanted pancreas from the donor. The graft
is prepared in sterile lactated Ringer at 4-degrees
Celsius. Excess tissue, especially fat, is separated from
the pancreatic graft. The pancreatic head is supplied
by the inferior pancreaticoduodenal artery via the superior mesenteric artery (SMA), and the body and tail
are supplied by the splenic artery. The Y graft is connected to SMA and celiac artery proximally to provide
a single common arterial conduit to be grafted to the
recipient iliac artery. Venous drainage will be established via a portion of the harvested donor portal
vein, which connects the superior mesenteric vein
(SMV) and splenic vein.

cardiovascular mortality.3,5 By mimicking native
pancreatic venous drainage and preserving hepatic first-pass insulin clearance, the portal
drainage technique has been purported to be
more physiologic but has not been shown to
result in better long-term outcomes regarding
graft survival, function, rejection rate, or metabolic profile5,6 (Fig. 2). As such, the technique is
dictated by donor and recipient anatomy in
conjunction with the individual surgeon’s preference1 (Fig. 3).
Historically, pancreas transplants used the
bladder for exocrine drainage via a duodenocystostomy.7 Bladder drainage offers several advantages, including the ability to assess graft
exocrine function by measuring urinary amylase
and also access for cystoscopic biopsy. However,
this nonphysiologic communication also results in
complications due to the inflammatory nature of
pancreatic enzymes. These complications include
chemical cystitis, hematuria, metabolic acidosis,
leak from the duodenal segment, recurrent urinary
tract infections, urethritis, and urethral strictures.8
As a result, nearly 90% of pancreas transplants
now use enteric drainage with the donor duodenum anastomosed to a nonexcluded loop of
recipient small bowel or a Roux limb.1 If the
pancreas is taken from a live donor, it is divided
at the neck, and the donor splenic artery is anastomosed end-to-side to the recipient iliac artery, and
the donor splenic vein is anastomosed to the recipient iliac vein (Table 1).
Imaging assessment of a pancreatic transplant
requires a thorough understanding of these surgical techniques and the postoperative anatomy, as
well as knowledge of the postoperative complications.9,10 To properly evaluate the graft, radiologists must also recognize that the position of the
pancreas transplant varies depending on the surgical technique. Pancreas transplants are most
commonly placed intraperitoneally into the right
pelvis, whereas the kidney is typically placed
extraperitoneally into the left iliac fossa.2 Grafts
using systemic venous drainage are typically
placed obliquely with the head inferior to the
body and tail, whereas portal venous drainage
most commonly requires the head-tail positioning
to be reversed and more vertically oriented.2
Ultrasonography (US) is the usual first-line imaging modality for evaluation of the transplanted
pancreas and its associated vasculature. A complete examination includes grayscale and duplex
Doppler imaging. The normal graft on grayscale
US should have a homogenous echotexture usually lower than that of the native pancreas and
the surrounding fatty tissue11 (Fig. 4). However,
the position of the pancreatic transplant makes

Imaging of Pancreas Transplantation

Fig. 2. Various surgical techniques for pancreatic graft implantation. The exocrine and venous drainage of the
pancreatic transplant can each be handled in 2 ways. (A) Bladder drainage used for PAK transplantation. The
second portion of the duodenum is anastomosed in a side-to-side fashion to the bladder dome to facilitate
the pancreatic exocrine drainage. The donor portal vein is attached to the recipient external iliac vein. A donor
iliac artery Y graft, composed of the donor common iliac artery and the branch points of the internal and
external iliac arteries (anastomosed to the explanted SMA and splenic arteries of the pancreas), is anastomosed
to the recipient iliac artery. (B) Portal-enteric drainage pathway. The second portion of the duodenum is anastomosed to the recipient small bowel via a Roux-en-Y technique. The arterial Y graft (as described earlier) is
anastomosed to the recipient iliac artery (common or external) and the SMV is anastomosed to the recipient iliac
vein. (C) Systemic-enteric drainage pathway. In this variant enteric pathway, the duodenum is anastomosed in a
side-to-side fashion to a loop of small bowel (without the Roux-en-Y loop) while the donor portal vein is anastomosed to the recipient portal vein. Using native small bowel allows for endoscopic access and surveillance but
carries higher risk for the native small bowel if graft complications develop or if explantation is required. IVC,
inferior vena cava; SMA, superior mesenteric artery; SMV, superior mesenteric vein.

sonographic evaluation more limited due to overlying bowel gas, thus computed tomography (CT)
or MR imaging may subsequently be required.12
CT allows for examination of the graft’s parenchyma, vasculature, and enteric anastomosis.
The CT examination should be multiphasic, acquired during the arterial and venous phases, to
optimally assess the arterial and venous supply
and parenchymal enhancement (or lack thereof).
CT can also be used to assess for perigraft fluid
collections, inflammation, bowel leak, and bowel

obstruction. Normal graft tissue should demonstrate homogeneous enhancement with intravenous (IV) contrast (Fig. 5).
MR imaging is reserved for select patients in
whom complete evaluation with US or CT is not
possible or younger patients in whom cumulative
radiation risk is a concern. MR angiography
(MRA) can help provide an accurate assessment
of vascular abnormalities, and MR cholangiopancreatography (MRCP) can help to delineate ductal
abnormalities.13
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Fig. 3. Various surgical techniques for pancreas transplantation drainage pathways. There are 2 major
drainage pathways for the surgeon to handle. The
exocrine drainage can be routed to the bladder or to
the enteric system, whereas the venous drainage can
be routed to the systemic vasculature or a portal
venous pathway. Because various options are available
to the transplant surgeon, he or she can choose any
combination of the options for each category.

The use of both iodinated and gadoliniumbased contrast material may be precluded by
recovering renal insufficiency in SPK transplants.5
For these patients, noncontrast MR imaging with
or without MRCP is preferred over noncontrast
CT. Digital subtraction conventional angiography
can be used when necessary for confirmation of

vascular abnormalities or when endovascular therapy is needed.12
Although pancreatic transplants reportedly have
higher rates of postoperative complications
compared with other organ transplants, clinical
diagnosis is difficult due to lack of reliable laboratory markers for graft function.14,15Therefore, the
radiologist must be familiar with the spectrum of
surgical techniques and the normal postoperative
cross-sectional imaging appearances of the
whole-pancreas transplant to be able to recognize
abnormal postoperative findings.

COMPLICATIONS
Given the complexity of the anatomy and surgical
technique related to pancreatic transplantation,
postoperative complications can have various
causes.

Vascular Complications
Vascular complications are the most common
cause of early graft failure. Thrombosis (arterial
and venous), the most common technical cause

Table 1
More commonly used surgical techniques for pancreas transplantation
Technique

Advantages

Disadvantage

Systemicenteric*

 More physiologic
 Fewer metabolic imbalances because
pancreatic secretions are reabsorbed
into the system

Portalenteric*

 More physiologic glucose control
 May help lipid profile

Bladder
drainage

 Allows direct measurement of graft
exocrine function by measuring urine
amylase
 Complications treated less invasively
 Easy access for cystoscopic biopsy

 Infections due to anastomotic leak and
enteric contamination
 Sepsis secondary to fistula or abscess
formation
 Vascular thrombosis
 Complications necessitate more invasive
procedures to correct
 Although purported to be more physiologic,
has never been shown to have superior outcomes related to systemic venous drainage
 Almost always requires enteric exocrine
drainage
 Unable to monitor urine amylase
 Difficult to biopsy
 Requires longer Y graft
 Nonphysiologic communication between
pancreas-duodenum and bladder
 Complications warrant conversion to enteric
drainage in 15%–30%
 Pancreatitis
 Bladder leaks
 Urethritis
 Urinary tract infections
 Metabolic acidosis or dehydration from urinary loss of bicarbonate
 Hematuria
 35% need enteric conversion

* Systemic-enteric anastomosis is the most commonly used technique, although the portal-enteric anastomotic technique
is purported to be more physiologic and superior based on outcomes.

Imaging of Pancreas Transplantation

Fig. 4. Normal ultrasound appearance of the pancreatic transplant. Gray scale ultrasound of the pancreatic (A)
head, (B) body, and (C) tail show a homogeneously hypoechoic structure relative to adjacent fatty tissue (arrowheads). Arterial (D–F) and venous (G–I) flow should also be assessed via Doppler ultrasound in all 3 segments of
the pancreatic transplant, respectively. The splenic vein (J, K) and arterial Y graft (L, M) also require Doppler evaluation on a routine examination. B, pancreatic body; H, pancreatic head, T, pancreatic tail.

of graft dysfunction, reportedly accounts for 2% to
19% of cases.16 In addition to thrombosis, other
pancreatic transplant vascular complications can
occur (Table 2). Cross-sectional imaging plays a
crucial role because the clinical presentation and
laboratory findings are frequently nonspecific and,
if unsuspected, vascular dysfunction can rapidly
progress to transplant failure.16,17 Humar and colleagues,18 in a large multivariate analysis, reported
that thrombosis was the most common technical
problem leading to graft loss, accounting for 52%
of their cases. Percutaneous and surgical interventions may preserve graft viability but require early
detection and diagnosis. Assessment for vascular
complications requires accurate background
knowledge regarding the type of anastomoses
that have been performed to ensure comprehensive and accurate imaging assessment.

Thrombosis
Arterial and venous thrombosis affects 5% to 14%
of pancreas transplants, usually within the first few
weeks posttransplant, and is the most frequent
serious surgical complication, predisposing patients to graft infarction, anastomotic dehiscence,

bowel strictures, dysmotility, hemorrhagic pancreatitis, and infection.17,19,20 The cause is typically
multifactorial but the smaller microcirculatory
blood flow has been implicated as a possible predisposition for thrombosis.15 Reported causes
include phlebitis (related to concomitant pancreatitis), rejection, venous stasis (such as from
compression by a fluid collection, twisting of the
venous anastomosis, or within vascular stumps),
previous venous thrombosis, previous venous surgery, indwelling catheters, and systemic hypercoagulable states. Surgical causes include faulty
surgical technique, malalignment or venous redundancy with resultant kinking, and donor–recipient
vessel mismatch.19 Donor risk factors include
increased age, obesity, cerebrovascular disease
leading to death, and hemodynamic instability
requiring large volume resuscitation.20 Among the
types of pancreatic transplants, PAK, PTA, and
portal-enteric drainage all have a higher risk of graft
thrombosis.20
Thrombus can develop within the graft’s superior mesenteric vein, splenic vein, or both, and
can be completely or partially occlusive. Thrombosis can propagate into the recipient superior
mesenteric vein (if portal venous drainage), iliac
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Fig. 4. (continued)

vein or inferior vena cava (if systemic venous
drainage), or possibly even into the pulmonary arteries. Although most stump thrombi are inconsequential and are not treated, some will propagate
into proximal veins and be clinically significant.21
The appearance of a thrombosed pancreatic
transplant on grayscale ultrasound is nonspecific.
Acute venous thrombosis may manifest solely as
an edematous enlarged graft with heterogeneous
echogenicity, similar to cases of pancreatitis and
rejection, or the thrombosed vein may be
expanded with an acute thrombus that is central
and anechoic. Chronic thrombus is typically echogenic and eccentric.15,22 Doppler evaluation may
demonstrate absent color and spectral signal
within the affected veins with high-resistance arterial waveforms demonstrating pandiastolic
reversal of flow.17,22 As isolated findings, highresistance arterial flow and absent venous flow
can both be secondary to other causes (eg, rejection or severe inflammation). However, in the first
12 days posttransplant, this constellation of

findings (absent venous flow and diastolic flow
reversal in the transplant arteries) has been reported to be highly sensitive and specific for
venous thrombosis.17 Of note, there is commonly
mild narrowing of the donor portal vein at its anastomosis to the recipient iliac or superior mesenteric vein, with associated flattening of venous
flow waveform, which can be a potential pitfall.
Additionally, severe rejection or pancreatitis can
result in very slow flow or stasis, which can be
very difficult to sonographically distinguish from
thrombosis (Fig. 6).
On contrast-enhanced CT and MR imaging,
thrombus can be seen as a low attenuation or
low signal intensity filling defect within the affected
veins, possibly with decreased or absent graft
enhancement if there is associated necrosis.12
For patients who cannot receive IV contrast material, noncontrast MR imaging is preferred over
noncontrast CT because unenhanced MR imaging
may demonstrate increased signal on T1weighted sequences or loss of normal flow void

Imaging of Pancreas Transplantation

Fig. 5. Normal pancreas transplant. (A, B) Axial contrast-enhanced CT with correlative ultrasound image of a
pancreas transplant (arrowheads) in the right lower quadrant. (C) Corresponding normal PET-CT image shows
homogeneous [11F]-2-fluoro-2-deoxy-D-glucose (FDG) uptake (arrowheads) in the pancreas transplant
parenchyma.

within the thrombosed vessel, whereas noncontrast MRA sequences can demonstrate occlusion
or absent arterial flow.15 Although noncontrast
CT can be used to suggest the presence of underlying thrombus based on high-attenuation intraluminal material, thrombosis cannot be completely
excluded without IV contrast material15 (Fig. 7).
For selected patients with partial portal or isolated splenic venous thrombosis with preserved
parenchymal function, anticoagulation can be
considered to salvage the graft and to prevent
propagation of the thrombus.20 Endovascular arterial and venous interventions have also been reported for short-segment thrombosis without
necrosis.23 However, to prevent added mortality
and to minimize infection-related complications,
most recipients with early graft thrombosis require
transplant pancreatectomy, sometimes in conjunction with immediate retransplantation.20 To minimize the risk of graft thrombosis, most centers
use routine postoperative anticoagulation,

although such prophylaxis has not been proven
effective in a prospective randomized fashion to
the authors’ knowledge.20 As such, most efforts
to prevent venous thrombosis are directed toward
careful donor selection and meticulous surgical
technique.

Arterial Thrombosis
Arterial thrombosis is the most severe vascular
complication that often results in graft dysfunction
and failure. Venous and arterial thrombosis combined affect 5% to 10% of pancreas transplants,
with arterial thrombosis occurring within the donor
superior mesenteric artery, splenic artery, or Y
graft.19 Arterial thrombosis usually occurs within
3 months following transplantation. Increased
risk is associated with prolonged cold ischemic
time, ABO incompatibility, donor-to-recipient
vessel mismatch, small-caliber vessels, low-flow
states, faulty surgical technique, and acute

Table 2
Complications associated with pancreatic transplantation
Vascular Complications

Graft-Related Complications

Enteric Complications

Venous thrombosis
Arterial thrombosis
Arterial anastomotic stenosis
AVF
Arterial dissection
Y graft kink
Collections/hematoma

Pancreatitis (early or late)
Pseudocyst
Abscess
Rejection
—
—
—

Anastomotic leak or abscess
Postoperative ileus and obstruction
Typhlitis
PTLD
—
—
—

Abbreviations: AVF, arteriovenous fistula; PTLD, posttransplant lymphoproliferative disorder.
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Fig. 6. Pancreatic transplant splenic
vein thrombosis. A 50-year-old man
presented with abnormal laboratory
values. Doppler ultrasound imaging
showed (A) venous and (B) arterial
flow to the pancreatic head (H). (C)
No venous flow to the body and
tail of the graft was detected (arrows). Splenic vein thrombosis was
suspected.
Cather
angiography
showed partial thrombosis of splenic
vein, which was treated with thrombolysis and angioplasty. In a different
patient, (D) axial and (E) coronal
T1-weighted MR with fat saturation
with contrast material administration was obtained after initial ultrasound examination showed lack of
flow within the graft splenic vein.
MR images show initial arterial flow
to the graft with subsequent lack of
venous drainage due to thrombus
within the splenic vein (seen as a
filling defect, arrows) and resultant
edematous pancreas (P). (F) Axial CT
image with contrast material in a
different patient shows a filling
defect in the splenic vein (arrowheads). Intraoperative ultrasound
(not shown) found blood clot in the
vein at the level of the transplanted
pancreatic head and body.

rejection.19 Late thrombosis can occur months to
years later and is typically caused by chronic
rejection or infection.9 Thrombosis is more common when portal-enteric drainage is used
(compared with systemic-bladder technique),
and is more common in PAK and PTA transplants
compared with SPK transplants.15
Sonographic findings of arterial thrombosis
include tardus parvus waveforms of the intrapancreatic arteries; absent arterial signal in the Y
graft and the graft itself; and, if there is concomitant necrosis, heterogeneous echogenicity of the

graft.22 On CT and MR imaging, there is abrupt occlusion or cutoff at the site of thrombosis, possibly
with a low-attenuation or low-signal intensity filling
defect. These findings can be associated with
inhomogeneous or absent parenchymal enhancement as it progresses to infarction.12,16 Notably,
these imaging findings may overlap with cases of
severe arterial stenosis, diffuse graft edema, and
systemic hypotension. Thrombosis within only a
single allograft artery (donor superior mesenteric
artery or splenic artery) may result in intrapancreatic collateral flow that maintains parenchymal

Fig. 7. Portal vein thrombosis. A 39-year-old man 1 month postpancreatic transplant presents. (A–C) Doppler ultrasound of the graft shows lack of venous flow within the transplanted portal vein (arrowheads). P, pancreas.

Imaging of Pancreas Transplantation
enhancement and function; this is most readily
identified on multiphase CT or MR imaging2,24
(Fig. 8).
Complications of arterial thrombosis include
graft dysfunction and necrosis, pancreatitis,
leakage of pancreatic secretions, and sepsis. If
untreated, progression of parenchymal necrosis
can ultimately lead to emphysematous transformation of the graft, with gas present throughout
the parenchyma.12 For most patients with early
thrombosis, repeat laparotomy and transplant
pancreatectomy is required.20

Arterial Anastomosis or Stenosis
Arterial stenosis in pancreatic transplants is relatively uncommon but if it occurs it is usually in the
early postoperative period, most commonly at the
site of an anastomosis.19 Early recognition and
diagnosis is critical because stenosis may lead to
thrombosis, ischemia, and graft dysfunction.19 US
findings are nonspecific in the early postoperative
period (within 72 hours) because stenosis can
also be caused by reperfusion edema and altered
global hemodynamics. Doppler findings include
elevated peak systolic velocity, turbulent flow at
the anastomosis, increased resistance, reversed
diastolic flow, and tardus parvus waveforms of
the intrapancreatic arteries (ie, with spectral broadening, resistive index (RI) <0.5, and a systolic acceleration time >80 ms).19 Of note, in the
immediate postoperative period, velocities up to
400 cm/s at the arterial anastomosis are usually
transient, reflecting anastomotic edema or
vascular kinking, which improves on follow-up.25
Hemodynamically significant stenosis is suggested
when velocities remain greater than 300 cm/s on
follow-up imaging examinations and can be
confirmed with CT angiography (CTA), MRA, or

catheter angiography.25 Patients with portal
venous-enteric drainage require a longer Y graft,
which may kink or twist, resulting in a specific
type of stenosis (Y-graft kink).15,24 Because US
often cannot be used to assess contour changes,
particularly of long vessels, CTA and MRA are
best suited for diagnosis.14 For a stenosis that is
persistent and hemodynamically significant, angioplasty has been reported to be of value.26

Pseudoaneurysm
Pseudoaneurysms arise when there is focal
disruption or laceration of the arterial wall. They
are usually secondary to biopsy, pancreatitis,
infection, or surgical trauma.22,25 Anastomoses
are particularly prone to pseudoaneurysm formation due to chemical damage resulting from
pancreatic enzyme leakage.9 Postbiopsy pseudoaneurysms usually occur within the parenchyma at the site of biopsy and can also result in
an arteriovenous fistula (AVF).
Sonographically, pseudoaneurysms are seen as
anechoic structures or fluid collections immediately adjacent to vessels, with turbulent internal
flow (yin-yang appearance) on color Doppler.
At the neck, where the pseudoaneurysm communicates with the parent artery, Doppler US demonstrates bidirectional flow with a to-and-fro
waveform.22 If a pseudoaneurysm is suspected
on US, then CT or MR imaging is usually performed for confirmation and preprocedural planning. On CT or MR imaging, a pseudoaneurysm
will appear as a saccular enhancing outpouching
from the injured artery, with enhancement similar
to other arteries (Fig. 9).
Endovascular management can include coil
embolization or placement of a covered stent.
However, a surgical aneurysmectomy is usually

Fig. 8. Pancreatic transplant splenic arterial thrombosis. A 45-year-old man postpancreatic transplant presented
with abnormal laboratory values and pain over the region of the transplant. (A) Ultrasound evaluation of the
pancreatic transplant showed no detectible arterial perfusion in the transplant (arrows). A complete arterial
occlusion was suspected. (B) Catheter angiography confirms complete arterial occlusion (arrow) and nonenhancement of the pancreatic transplant.
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Fig. 9. Arterial pseudoaneurysm. A
42-year-old woman postpancreatic
transplant. (A) Doppler ultrasound
of the graft shows a pseudoaneurysm (arrows) at the level of the
pancreatic head with (B) turbulent
flow within the nidus.

required when there is a peritransplant abscess resulting in an infected pseudoaneurysm.2 Rarely, a
pseudoaneurysm can rupture into the donor duodenum, resulting in an arterioduodenal fistula
with massive gastrointestinal hemorrhage.27

Arteriovenous Fistula
An AVF is usually a postsurgical or postbiopsy
complication, occurring when the arterial and
venous walls are both lacerated. AVFs can
sometimes occur in conjunction with a pseudoaneurysm. On US, there is focal aliasing and turbulent
flow within a high-velocity, low-resistance inflow artery, and pulsatile arterialized venous outflow.19,22
When imaged during the arterial phase, CT and
MR imaging may demonstrate early abnormal opacification of the donor draining veins.22 Dilation of
the Y graft may be an additional secondary sign of
an underlying fistula. Small AVFs often resolve spontaneously, whereas larger fistulas require endovascular or surgical management12,28,29 (Fig. 10).

Collection or Hematoma
Peritransplant fluid collections are very common in
the first month posttransplantation but usually do
not adversely affect outcome.25 Many cases of
early postoperative bleeding and hematoma
formation are secondary to perioperative

anticoagulation.20 Imaging evaluation should be
used to assess the size and extent of the collection, as well as any sequelae related to mass effect, particularly vascular compression with
resultant stenosis and/or thrombosis.
Sonographically, a hematoma will appear as a
peritransplant collection with internal debris,
which is difficult to distinguish from abscess,
pseudocyst, or lymphocele on the basis of sonography alone. Similar findings may also be seen with
a dilated duodenal bulb, which is a potential sonographic pitfall. A hematoma is usually distinguished by the presence of high attenuation with
corresponding T1 hyperintensity, on CT and MR
imaging, respectively. If the collection is small,
precontrast images may be needed to help distinguish a small perigraft hematoma from a pseudoaneurysm. The hematoma is characterized by lack
of enhancement on postcontrast images. Secretin
MR imaging can be used to distinguish hematoma
from pseudocyst, with the latter filling and
enlarging 20 to 30 minutes following secretin injection.2 Nonetheless, for collections that persist,
enlarge, or result in significant compression,
percutaneous aspiration may be required for
definitive diagnosis and treatment.15 Larger collections may also require surgical management,
either due to vascular compression or to prevent
subsequent infection (Fig. 11).

Fig. 10. AVF. A 24-year-old man postpancreatic transplant; biopsy done
3 weeks earlier for assessment of
persistent graft rejection. (A) Doppler
ultrasound finds and AVF (arrow). (B)
Spectral Doppler shows arterialized
venous flow within the nidus.
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Fig. 11. Peritransplant collections. A 30-year-old woman postpancreatic transplant presented with elevated
serum glucose level. (A) Gray-scale ultrasound of the pancreatic transplant postgraft biopsy shows complex fluid
collection surrounding the graft (arrowheads). A large hematoma was suspected due to a drop in the patient’s
hematocrit level after biopsy. (B) A non-contrast CT examination was performed for confirmation. Coronal reformatted images show a large peritransplant hematoma (arrows). (C) Ultrasound image of the same patient
a week later shows interval decrease in the size of hematoma, which is now a peritransplant seroma (arrows).
(D) Different patient postpancreatic transplant biopsy presenting with nausea and vomiting. Ultrasound reveals
a peritransplant collection (calipers), which was later proven to be a transplant leak. (E, F) Different patient presenting with nausea and fever. Ultrasound revealed a peritransplant collection (curved arrow and calipers),
which was suspected to be an abscess, which was then confirmed by CT. Note the thick enhancing capsule of
the collection on axial contrast-enhanced CT (curved arrow). P, pancreas.

Graft-related Complications
Pancreatitis (early or late)
Most pancreatic transplants have some underlying
pancreatitis in the immediate postoperative period,
which is described as less than 4 weeks after transplant. This is thought to reflect reperfusion injury. It
is usually subclinical and self-limited.12,22,30 Severe pancreatitis occurs in approximately 10% of
grafts, with necrotizing pancreatitis occurring in
2% to 4%.25 Identifying the more severe cases of
posttransplant pancreatitis can be quite difficult
because traditional serum markers of native
pancreatitis (amylase and lipase) correlate poorly
with the severity of graft pancreatitis. Moreover,
up to 35% of recipients will have hyperamylasemia
in the early postoperative period.20 Risk factors
for early posttransplant pancreatitis include donor
quality, use of histidine-tryptophan-ketoglutarate
(HTK) solution, prolonged preservation time, graft
handling, reperfusion injury, pancreatic duct
outflow obstruction, and bladder drainage (reflux
pancreatitis).2,20 Specific risk factors for late
pancreatitis are less known.

Imaging evaluation and findings are similar to
native pancreatitis, including the possibility of a
normal appearance in early or mild cases.
Sonographically, the graft may be enlarged and
edematous, although this appearance is nonspecific and can overlap with findings of rejection
and early thrombsis.2 Resistive indices of intrapancreatic arteries may be elevated, although their
utility is questionable because values often overlap between normal and abnormal grafts.24 Moreover, resistive indices for pancreatic transplants
are typically higher compared with their renal
transplant counterparts, probably reflecting
subclinical pancreatitis.25 Dual-phase pancreatic
CT or multiphase MR imaging are primarily
used to assess absent enhancement in cases of
parenchymal necrosis, as well as associated complications, particularly thrombosis, abscess,
hemorrhage, pseudoaneurysm, and pseudocyst
formation (Fig. 12).
Standard management is typically conservative,
including bowel rest and parenteral nutrition; however, severe cases may require debridement.20
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Fig. 12. Graft pancreatitis. A 38-year-old woman presents with significantly elevated amylase and lipase levels. (A) Ultrasound revealed a swollen pancreatic graft with heterogeneous echogenicity (arrowheads). (B) Axial and (C) coronal
contrast-enhanced CT images of a different patient after kidney-pancreas (asterisk) transplant with graft pancreatitis.
Note the heterogeneous enhancement of the pancreatic parenchyma and small amount of free fluid around the
pancreatic tissue (arrows).

Cases of necrotizing pancreatitis almost always
require necrosectomy or graft pancreatectomy.12
Patients with bladder drainage may ultimately
require conversion to enteric drainage.
Pseudocyst
A pseudocyst can occur when pancreatitis or
ischemia results in pancreatic duct disruption
and fluid collection formation.2 The crosssectional imaging appearance of the collection is
typically nonspecific but aspiration of the fluid
will yield markedly elevated concentration of
amylase.22 Similar to the native pancreas, transplant pseudocysts can be complicated by secondary infection and require percutaneous drainage.
Abscess
Abscesses most commonly occur within the first
30 days posttransplant and represent a serious
threat to graft viability and patient survival. The
work-up should define the size and extent of the
abscess and carefully assess for an underlying
anastomotic leak, which is present in up to 30%
of patients with abscesses.20 Other risk factors
include older donor age, retransplantation,
pretransplant peritoneal dialysis, extended preservation time, graft pancreatitis, and immunosuppression with sirolimus.20 For patients with
enteric drainage, abscess, and anastomotic leak,
a repeat laparotomy is almost always required.
Most (up to 80%) of the remainder of patients
can be successfully managed with conservative
therapy (eg, with a percutaneous drainage catheter or with a Foley catheter).20 A potential pitfall
exists when the donor duodenum is distended
and thick-walled but is not opacified with oral
contrast material, thus simulating an abscess
(see Fig. 11).15,25

Rejection
Although rates of acute rejection have been
decreasing in recent years, rejection remains the
most common cause of graft loss overall.15 Acute
rejection has been reported in up to 40% of
pancreatic transplants, usually occurring 1 week
to 3 months after transplantation. Acute rejection
is thought to be secondary to small vessel autoimmune arteritis resulting in small vessel occlusion
followed by large vessel occlusion.15,22,30 Chronic
rejection remains the major cause of long-term
failure (after 6 months), occurs in 4% to 10% of patients, and can result from recurrent episodes of
acute rejection with subsequent fibrosis, atrophy,
and eventual loss of graft function.15,30
Imaging findings in both acute and chronic
rejection are relatively nonspecific and unreliable,
making prospective diagnosis difficult.22 The
most common sonographic finding in acute
pancreatic transplant rejection is graft enlargement, with a reported sensitivity of 58% and a
specificity of 100%.30 However, graft enlargement
and heterogeneity are also seen in patients with
pancreatitis that affected their transplants. Thus,
the primary role of US is to exclude underlying
major vessel thrombosis as the cause of graft
dysfunction. CT may demonstrate an enlarged
pancreas with heterogeneous enhancement, perigraft fluid, and duodenal edema, which are
similarly nonspecific findings.15 MR imaging is
more sensitive for the identification of acute rejection and can be useful in particular when IV
contrast cannot be administered. In cases of
acute rejection, the graft usually demonstrates
diffuse increased signal intensity on T2-weighted
sequences. However, MR imaging lacks specificity in this situation due to the overlap of findings
with otherwise normal grafts, as well as with
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graft pancreatitis and with graft rejection.15,30
Contrast-enhanced MR imaging will demonstrate
a significantly decreased mean percentage of
parenchymal enhancement in case of rejection,
but this is also seen with pancreatic transplant
necrosis. Findings in cases of chronic rejection
usually reflect an underlying atrophic fibrotic graft,
with increased parenchymal echogenicity and
decreased signal intensity on both T1-weighted
and T2-weighted MR images15,30 (Fig. 13). In
the setting of hyperglycemia, a small atrophic
allograft is virtually diagnostic of chronic pancreatic transplant rejection.26 However, percutaneous biopsy is still the primary means for
diagnosing and grading both acute and chronic
rejection.15

ENTERIC COMPLICATIONS
Anastomotic Leak or Abscess
Anastomotic leaks occur in up to 10% of pancreatic transplants but account for fewer than 0.5%
of all graft losses. The impact and clinical course
after a leak depends on the type of anastomosis.20,30 Leaking bowel contents from an
enteric-drained graft may result in chemical peritonitis, fluid collection, and sepsis. As a result, there
is a much higher risk for graft loss and the need for
immediate repeat surgery.20 Either CT with oral
contrast material or fluoroscopy can be used to
identify extravasated contrast material at the site
of a leak.25 Leak from a bladder-drained graft is
usually less severe and can be identified using
retrograde instillation of intravesical contrast,
either with a CT cystogram or by conventional
cystography. Early leaks usually occur at the duodenocystostomy
and
can
be
managed

Fig. 13. Pancreatic graft rejection. A 37-year-old man
with questionable abnormal function of the pancreatic
graft. Ultrasound shows a mildly enlarged graft (arrowheads). Biopsy was positive for lymphocyte infiltration.

conservatively with bladder decompression.15
Late (>4 weeks postoperative) leaks usually occur
at the oversewn duodenal stump and may require
anastomotic revision of the enteric drainage15,30
(see Fig. 11).

Postoperative Obstruction
Obstruction can develop at the duodenojejunal
anastomosis via a mesenteric defect (internal hernia) or from adhesions.2 Adhesion-related bowel
obstruction will show typical cross-sectional
imaging findings of dilated bowel upstream from
a discrete transition point with relatively decompressed distal bowel, with the adhesion itself
rarely directly seen. If a mesenteric defect is
created during intraperitoneal placement or
when forming the duodenojejunal anastomosis,
an internal hernia can occur with a resultant
closed-loop obstruction, which will appear as a
radial arrangement of bowel small loops with 2
adjacent transition points corresponding to the
site of the defect.25 Although closed-loop small
bowel obstruction has a higher risk of strangulation, signs of bowel ischemia (eg, decreased
mural enhancement) may be present with any
type of small bowel obstruction.

Posttransplant Lymphoproliferative Disorder
Posttransplant lymphoproliferative disorder (PTLD)
is a rare long-term complication, reported in 2.4%
to 6.1% of patients, with a higher incidence in patients who are Epstein-Barr virus–negative and
who have undergone pancreatic transplantation
alone.31 PTLD can present with findings related
to the transplanted pancreas itself, including
diffuse graft enlargement or focal lesions in or
around the graft. Other findings include enlarged
regional or distant lymph nodes or distant extranodal findings. The latter includes organomegaly;
focal lesions in the liver, spleen, kidney, or bowel;
gallbladder wall thickening; and bowel wall thickening.25,30 Of these, the lymph nodes and liver
are most frequently involved (39%–40% of cases),
whereas the pancreas transplant is less commonly
involved (10%).15 Compared with patients with
PTLD following liver or kidney transplants,
pancreas transplant recipients with PTLD more
commonly present with widespread disease, with
more extranodal sites of involvement, as well as
significantly worse overall survival.32 Establishing
the correct diagnosis of PTLD relies heavily on
these findings combined with the clinical scenario
because imaging appearance of the graft itself is
nonspecific and usually cannot be differentiated
from pancreatitis or rejection.12
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Fig. 14. Pancreas transplant biopsy
techniques. (A) Ultrasound is the
first modality of choice used to
guide the biopsy needle (arrowheads) into the pancreatic parenchyma. (B) If the pancreas (P) was
not accessible by ultrasound, then
CT is used for guidance of the biopsy needle.

IMAGE-GUIDED PROCEDURES
Biopsy
Despite perceived technical challenges, pancreatic transplant biopsy is effective, resulting in
adequate specimens in 96% of patients, with a
low procedure-related complication rate of 1.9%
to 2.6%, which is similar to rates reported for renal
transplant biopsies.33,34 Because establishing or
excluding the clinical diagnosis of rejection is difficult, and because cross-sectional-imaging findings are frequently nonspecific, as noted above,
US-guided or CT-guided percutaneous biopsy is
the standard procedure for diagnosing and
grading rejection, particularly for the 10% of SPK
transplant patients in whom rejection only affects
the pancreatic graft.15,26 Allograft biopsy also allows for diagnosis of other entities, including
drug-related islet cell toxicity, cytomegalovirus
pancreatitis, and PTLD.34
If feasible, US-guided percutaneous biopsy is
the preferred technique due to its real-time guidance, absence of ionizing radiation, and relatively
low cost. Intraabdominal hemorrhage is the most
common reported complication. Other clinically
important complications include pancreatitis,
hematuria (for bladder-drained allografts), inadvertent biopsy of another organ, and pancreaticcutaneous fistula.33,34 A relatively avascular
segment of the graft is targeted for biopsy, preferably directed parallel to the long axis of the graft,
taking care to avoid overlying bowel and vasculature. It is critical for the radiologist performing the
procedure to be aware of the type of anastomosis
which has been performed, because the location
and orientation of the allograft may differ from patient to patient. When the pancreatic allograft
cannot be adequately visualized sonographically,
a CT-guided approach is an acceptable second
choice for biopsy26 (Fig. 14).
Historically, for bladder-drained pancreas transplants, cystoscopic transduodenal biopsy has
been an option. However, it is now less preferred

because it requires an operating room, general
anesthesia, and overnight hospitalization.33 Open
surgical biopsy is currently rarely required.

Fluid Collection Drainage
Most peritransplant fluid collections are hematomas or seromas, which generally resolve with
conservative management and do not adversely
affect graft outcomes. However, because transplant recipients receive long-term immunosuppression, timely identification and drainage of an
abscess, or hematoma or seroma with superimposed infection is critical. For those collections
that develop into abscesses, percutaneous aspiration and drainage can be diagnostic as well as
therapeutic. Percutaneous drainage can be performed using US or CT guidance, as with management of many abscesses elsewhere in the body.26

SUMMARY
Pancreatic transplantation is surgically challenging, even with current techniques, and is
usually accompanied by simultaneous renal transplantation. Similar to other solid organ transplants,
sonography is usually the first-line imaging modality when evaluating for potential complications, as
well as for routine postoperative assessment.
However, the position of the pancreatic transplant
makes sonographic evaluation more limited due to
overlying bowel gas. For this and other reasons,
CT or MR imaging may also be required. The use
of both iodinated and gadolinium-based contrast
material may be precluded by recovering renal
insufficiency in these patients. Unenhanced MR
imaging with or without MRCP is preferred over
unenhanced CT in this subset of patients. Knowledge of the surgical techniques, location of the
anastomoses, and possible related complications
will assist the radiologist in performing an accurate
assessment of pancreas transplants using crosssectional imaging.
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KEY POINTS
 The most commonly used methods and techniques for solid organ transplantation are reviewed in
this article. Attention is given to the surgical technique and rationale for each anastomosis, with a
discussion of commonly encountered post transplant complications.
 Vascular complications after solid organ transplantation include stenosis, thrombosis, or occlusion
and can involve the arterial and/or venous structures.
 Interventional therapy used to treat both vascular and nonvascular (eg, biliary duct or ureteral) complications include thrombolysis, angioplasty, and stent or catheter placement.

Since the pioneering times, innumerable improvements have been made that have transformed the
modern liver transplant procedure from an experimental undertaking to a therapeutic and lifesaving
procedure. Included in these improvements are
the evolution of anesthesia techniques, the introduction of electrocautery and hemostatic agents,
the contribution of venovenous bypass to provide
more hemodynamic stability and a more suitable
atmosphere for the education of liver transplant
trainees, and the use of modern mechanical retractors that permit an unrestricted exposure of
the surgical field.
Transplant techniques
Liver transplantation is now typically performed
using one of two different techniques and is based
on the anastomosis of the inferior vena cava (IVC)1:

 The classic technique using vena cava
interposition
 The piggyback technique, which leaves the
native cava behind
There are several potential advantages of the
piggyback technique1:
 Partial and transient clamping of the IVC maintains continuity of the IVC during the anhepatic
phase, minimizing hemodynamic disturbances
 Decrease in warm ischemia time because of
the need for only one caval anastomosis
 Decreased retroperitoneal dissection, potentially decreasing blood loss
 Preservation of the native IVC allows adjustment of vessel size disparity between the donor
and recipient when the donor liver is small
Venovenous bypass
Venovenous bypass can be performed during
liver transplantation (typically with the classic
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technique), and is the extracorporeal circulation of
blood from the venous system, typically from the
portal and femoral veins, with a return of blood
from the circuit to the central veins, usually via
an axillary or internal jugular vein.2
Potential advantages for venovenous bypass3,4:
 Preservation of cardiac, pulmonary, renal, and
cerebral blood flow (especially important in
patients with fulminant hepatic failure)
 Maintenance of hemodynamic stability during
the anhepatic phase
 Reduction of intraoperative blood loss
Potential disadvantages for the use of venovenous bypass include3–6:
 Pulmonary or air embolus
 Longer operative and warm ischemia times
 Increased bleeding caused by hemolysis and
fibrinolysis in the bypass circuit
 Higher procedural cost
 Lack of clear evidence showing improved
clinical outcomes
Controversy still exists over the use of venovenous bypass. Most centers believe that its routine
use is no longer necessary for either surgical
technique.2
Surgical
technique
for
orthotopic
liver
transplantation Successful organ engraftment

begins with a controlled recipient hepatectomy.
This hepatectomy can be a challenging task in individuals with prior upper abdominal surgery or in
patients with severe portal hypertension and
extensive collateral formation. The abdomen is
opened via a bilateral subcostal incision with
midline extension, termed a Mercedes incision. A
mechanical retractor is placed with the blades under both costal margins to pull the rib cage laterally
and anteriorly.
Surgical steps for recipient hepatectomy

1. The falciform ligament is divided down to
the suprahepatic vena cava and the round
ligament is tied, given frequent recanalization of the umbilical vein in patients with portal hypertension.
2. The left triangular ligament is then opened with
cautery followed by opening of the gastrohepatic ligament. The ligated round ligament is
now lifted superiorly to allow visualization of
the porta hepatis.
3. Dissection is then carried down to the hepatic
artery, which is then divided above its
bifurcation.
4. The common bile duct is then divided. Once the
bile duct is divided, the dissection is completed

around the portal vein and the right triangular
ligament is dissected into the right hepatic
vein. The portal vein is then transected above
its bifurcation using mechanical staplers.
5. The anterior aspect of the infrahepatic IVC is
then exposed to allow easy circumferential
mobilization for placement of a vascular clamp.
The retrohepatic caval tissue can be dissected
with the surgeon’s finger.
At this point in the operation, the patient is prepared for venovenous bypass (if used) by cannulation of the femoral vein using a 15-F cannula. The
return cannula is inserted into the left axillary vein
or internal jugular vein using an 18-F or 12-F cannula, respectively. In addition, a 28-F cannula is
introduced in the portal vein. Bypass can then be
commenced. After initiation of bypass, vascular
clamps are placed on the suprahepatic and infrahepatic IVC and the IVC is divided proximally and
distally. The native liver is then removed. The
donor liver is now brought onto the surgical field.
When performing the classic technique, the suprahepatic IVC is first anastomosed, followed by the
infrahepatic IVC (Fig. 1).
When performing the piggyback technique, venovenous bypass is almost never needed and a
partial clamping of the suprahepatic IVC is performed (Fig. 2). The right, middle, and left hepatic
veins are then divided as far into the liver as
possible, so that the 3 hepatic veins can be connected into a common cloaca. The donor suprahepatic vena cava is anastomosed to the recipient
common cloaca in an end-to-side fashion. The
donor infrahepatic IVC is closed with a stapler during bench preparation, creating an IVC stump
(Fig. 3).
Surgical steps for donor graft placement after
inferior vena cava anastomosis

1. After the IVC anastomosis has been made, the
portal anastomosis is created.7
a. The time period to complete the caval and
portal vein anastomoses before reperfusion
(the warm ischemia time) ideally should not
exceed 45 minutes.
b. If venovenous bypass was used, then the
portal bypass cannula is now removed
and only the systemic venovenous bypass
is continued. After reperfusion of the
liver, the systemic bypass can be
discontinued.
c. When the portal vein is unsuitable for anastomosis because of significant thrombosis,
a conduit using donor iliac vein is created
to anastomose with the recipient superior
mesenteric vein and the donor portal vein.
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Fig. 1. Bicaval anastomosis of the liver
allograft using the classic caval anastomosis technique. The suprahepatic IVC
is first anastomosed followed by the
infrahepatic IVC (suture lines).

The conduit is created posterior to the stomach in front of the pancreas through a tunnel
in the transverse mesocolon.
2. The hepatic artery anastomosis is the final
vascular step in the procedure.
a. Most commonly, the anastomosis is performed at the level of the recipient’s gastroduodenal artery.
b. In cases with low arterial flow (<150 mL/min)
or with a known history of hepatic artery
dissection or stenosis of the celiac trunk,
then an aortic conduit using donor iliac artery must be created from the supraceliac
or infrarenal aorta.

3. The biliary anastomosis can performed using
one of two main techniques:
a. A duct-to-duct anastomosis has become
the most widely used technique.
b. A Roux-en-Y hepaticojejunostomy may be
used in the following circumstances:
i. Insufficient length of the bile duct in the
donor and/or recipient
ii. A small pediatric recipient
iii. A severe mismatch in size between the
donor and recipient’s common bile ducts
iv. Disease of the extrahepatic bile ducts,
biliary atresia, bile duct injury, or
cholangiocarcinoma

Fig. 2. Exposure of the recipient IVC
and hepatic veins when piggyback
technique is used. The diseased liver
has been removed. Note the native
IVC is intact and a vascular clamp can
be placed across the IVC at the level
of the hepatic veins. a, artery; v, vein.
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Fig. 3. Piggyback technique of the
liver allograft. The donor suprahepatic vena cava is anastomosed to the
recipient common cloaca in an endto-side fashion. The donor infrahepatic IVC is closed with a stapler or
tied with a suture.

Renal Transplantation
Surgical technique for renal transplantation
Renal transplantation is a major surgical procedure that combines both vascular and urologic elements. The recipient, who is uremic and usually
being maintained on hemodialysis or peritoneal
dialysis, often is a high-risk patient with comorbid
disease (eg, diabetes, cardiovascular disease,
obesity). Patients on dialysis frequently have
coagulopathy and platelet dysfunction, making
bleeding during the procedure a known risk.8
Meticulous technique is imperative given that the
transplant operation may be the patient’s only opportunity for a successful kidney transplant.
The operation begins with a curvilinear (hockeystick) incision made in the right or left lower quadrant of the abdomen. The inferior epigastric
vessels are ligated and divided, unless the graft
has multiple arteries. If the graft has multiple arteries, the inferior epigastric artery should be preserved for anastomosis to a lower polar renal
artery. In male patients, the spermatic cord is isolated and retracted medially. In female patients,
the round ligament is ligated and divided. After
the transversalis fascia is opened, the peritoneal
reflection is retracted superiorly and medially to
expose the psoas muscle and the iliac vessels.
Dissection of the external, common, and internal
iliac arteries is then performed, followed by dissection of the external iliac vein.

After the donor kidney has been prepared, the
recipient vessels are ready for clamping. A venotomy and arteriotomy are performed and the lumen
is flushed with heparinized saline. If the renal graft
has a lower polar artery, it is imperative that this
vessel be revascularized because it nearly universally gives rise to the ureteric blood supply. If more
than one renal vein is present, smaller veins can be
ligated. Both the artery and vein are anastomosed
in an end-to-side fashion (Fig. 4).
Ureteroneocystostomy is the usual form of urinary tract reconstruction. Potential advantages
include that it can be performed regardless of
the quality or presence of the recipient ureter, it
is several centimeters away from the vascular
anastomoses, and the native ureter remains available for the treatment of ureteric complications.
Ideally a 2-cm to 3-cm submucosal tunnel with detrusor muscle backing of the ureter is constructed
so that, when the bladder contracts, there is a
valve mechanism to prevent reflux of urine up the
ureter. The prophylactic use of ureteric stents for
all kidney transplants was shown in a randomized
prospective trial to reduce the incidence of urologic complications but their widespread use has
not gained universal acceptance.9
Pediatric en-block donor
When a pediatric patient’s kidney is used as a
donor kidney and the patient is very small (usually

Techniques in Solid Organ Transplantation

Fig. 4. Renal allograft located in the right lower
quadrant. Note the renal artery anastomosed to the
right external iliac artery and the renal vein anastomosed to the right external iliac vein.

<10 kg), both kidneys are transplanted en block into
the adult recipient.10,11 For an en-block transplantation, both kidneys are removed with a segment
of aorta and vena cava. The cranial ends of the
aorta and vena cava are then oversewn. The caudal
ends of the aorta and vena cava are then anastomosed end to side with the iliac vessels. Ureters
are implanted into the bladder separately or are
joined together to form a common funnel.

Pancreas Transplantation
The success of pancreas transplantation is critically dependent both on sound judgment in donor

selection and on technical perfection in all phases
of organ recovery, preparation, and implantation.
It is in many ways, the most fastidious transplantable organ, in that it there is almost zero tolerance
for even minor complications involving all phases
of organ transplantation.
A lower midline incision is preferable in the case
of a combined pancreas/kidney transplant, and/or
for access to the recipient’s superior mesenteric
vein, in the case of portal venous drainage of the
transplanted pancreas. If the iliac vein is to be
used for the venous anastomosis, the distal
external iliac vein is mobilized. If the superior
mesenteric vein is to be used for the venous anastomosis, it is exposed below the root of the mesentery. A venous extension graft is frequently
needed if this approach is chosen. The arterial
exposure is at the level of the common iliac artery.
During the benching of the pancreas, the splenic
and superior mesenteric arteries are reconstructed with an iliac arterial Y graft from the
donor.
When drained into the portal system, the
pancreas is transplanted head up (Fig. 5). The
donor portal vein, with an iliac vein extension, is
anastomosed to the superior mesenteric vein.
When systemic venous drainage is used, the
pancreas is transplanted upside down (Fig. 6).
The portal vein of the graft is anastomosed end
to side to the distal external iliac vein. The artery
is then anastomosed to the proximal external iliac
artery. After completion of the vascular anastomosis, the vascular clamps are removed for reperfusion of the graft.
Drainage of the exocrine pancreas can be done
into the bladder or the small bowel. Bladder
drainage involves suturing the side of the duodenum to the dome of the bladder. Enteric
drainage has become more popular in the last
decade. The anastomoses can be constructed
Fig. 5. Posterior view of the pancreas
allograft after benching. Note that
the splenic and superior mesenteric
arteries are reconstructed with an
iliac arterial Y graft from the donor.
SMA, Superior mesenteric artery.
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 Computed tomography or magnetic resonance angiography may also be used to assist
in diagnosis or further elucidate ultrasonography findings
 If imaging findings are equivocal, catheter
angiography may provide further characterization and allow for possible treatments
 Hemodynamically significant stenoses can be
verified during angiography by obtaining intraprocedural pressure gradients

Fig. 6. Pancreas allograft with bladder drainage
located in the right lower quadrant. Note the upside
down position of the pancreas. The arterial Y graft
is anastomosed to the external iliac artery. The portal
vein of the allograft is anastomosed to the external
iliac vein. The duodenum of the graft is anastomosed
to the bladder dome of the recipient.

from the distal end or the side of the donor duodenum into the side of the recipient jejunum.

INTERVENTIONAL RADIOLOGY TECHNIQUES
IN POST TRANSPLANT PATIENTS
Liver Transplantation
Vascular complications after liver
transplantation
Overview and incidence

 Up to 15% of liver transplant recipients can
develop vascular complications12
 Bleeding, stenosis, or thrombosis can occur
at any of the sites of vascular anastomosis:
hepatic artery, portal vein, or hepatic vein/IVC
 Hepatic artery thrombosis (HAT) and portal
vein thrombosis are the most common
vascular complications, occurring (in total) in
approximately 7% of liver transplant patients
Imaging diagnosis of a vascular complication

 The diagnosis of a vascular complication in a
transplant patient is typically made by
Doppler sonography13,14

Hepatic arterial thrombosis
HAT has been reported to occur in approximately
3% to 5% of cases, occurring most frequently in
the pediatric population, and typically within the
first 3 months after transplantation.12,14,15 HAT
can result from kinking of the anastomosis, surgical error or injury to the artery during creation of
the anastomosis, dissection of the artery, or from
rejection. The clinical consequences of HAT can
be grave given that the biliary tree is more dependent, if not completely dependent, on hepatic arterial flow compared with a native liver.12,14 Ischemia
to the bile ducts can cause biliary strictures, bilomas, or ischemic cholangiopathy.14
Treatment of HAT can consist of surgical exploration with thrombectomy or anastomotic revision,
catheter-based thrombolysis, retransplantation,
biliary drainage, or systemic anticoagulation. In
one recent large series of patients with HAT,
65% of patients required surgical exploration,
thrombectomy, and/or anastomotic revision;
17% required retransplantation; and 3% underwent catheter-directed thrombolysis.12 Of all patients who experience HAT, 75% require
retransplantation, and HAT is the leading cause
of graft loss, occurring in 53% of patients with graft
loss after transplantation.12,15
Hepatic artery stenosis
Hepatic artery stenosis (HAS) occurs less
frequently than HAT, but when untreated HAS
can progress to HAT.16,17 Causes of HAS include
vascular injury or technical error at the time of
transplantation (eg, intimal dissection, clamp
injury), kinking of the vessel, extrinsic compression, differences in caliber of the donor and native
hepatic arteries, and rejection.17,18
Findings on sonographic Doppler suggestive of
hepatic artery stenosis

 Resistive index of less than 0.519,20
 Peak hepatic artery velocity greater than 200
to 300 cm/s
 Systolic acceleration time greater than
0.08 seconds
 A parvus et tardus waveform
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Treatment of HAS includes angioplasty and/or
stent placement, or surgical revision. Endovascular management is the preferred treatment strategy, with surgical revision reserved for cases of
endovascular technical failure or complication.21
Balloon angioplasty for HAS is considered firstline therapy and technical success rates are reported to be approximately 80% at experienced
centers17,21 (Fig. 7). Restenosis rates are reported
to be approximately 33%.17,22 In cases in which
balloon angioplasty is not successful at treating
the stenosis, stent placement can be considered,
with restenosis rates approaching 30% to
40%21,23 (Fig. 8).

thrombolysis should be performed 12 to
48 hours before considering balloon angioplasty to treat the underlying stenosis
 If no underlying thrombus is present and only
a stenosis is observed, balloon angioplasty is
performed
 Angioplasty is considered successful if the
pressure gradient is reduced to less than
5 mm Hg
 If angioplasty is unsuccessful at treating the
stenosis (ie, there is a recoil stenosis
or >30% residual stenosis is present, or a
pressure gradient remains), stenting should
be performed

Portal vein stenosis, thrombosis, and occlusion
Portal vein stenosis or thrombosis has been reported to occur in approximately 3% to 8% of
cases of transplantation, most commonly in
pediatric patients.12,24 Diagnosis of portal vein
complications can be delineated on Doppler ultrasonography or cross-sectional imaging. However,
catheter angiography remains the gold standard
given the opportunity for real-time imaging evaluation and the ability to evaluate for a pressure
gradient.25

Technical success rates after angioplasty are variable and are reported to be in the range of 36% to
71% at 2 to 3 years.25,26 Many patients require
repeat interventions after balloon angioplasty and
ultimately undergo stent placement. Success after
stent placement for portal vein stenosis approaches 100% at 3 to 5 years post-treatment.25,27 However, longer follow-up studies are
needed to verify long-term patency. Success rates
and patency rates after portal vein thrombolysis
are not well established in the literature. However,
case reports have described patency greater than
2 years posttreatment.24,28

Technical considerations and treatment options
for portal complications

 Access into the portal system can be
achieved either via a transjugular intrahepatic
portosystemic shunt approach, or via a percutaneous transhepatic approach24–26
 Pressure gradients can be obtained across
the region of the stenosis to verify imaging
findings or validate clinical suspicion
 A gradient greater than or equal to 5 mm Hg
is generally considered significant
 If significant thrombus is present within the
portal vein, mechanical and/or chemical

Hepatic venous outflow stenosis and occlusion
Stenosis or occlusion of the hepatic venous
outflow can involve either the hepatic vein or IVC,
particularly after cases using the piggyback technique.29 Venous outflow complications affect 1%
to 6% of patients after liver transplantation. Early
complications can be secondary to technical issues at the surgical anastomosis or venous
kinking, and late complications can occur secondary to intimal hyperplasia or perianastomotic
fibrosis.30

Fig. 7. (A) Transplant hepatic artery angiogram showing a small focal area of stenosis and caliber change (white
arrow). (B) Transplant hepatic artery angiogram showing resolution of stenosis (white arrow) after balloon angioplasty using a 4-mm monorail balloon.
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Fig. 8. (A) Transplant hepatic artery angiogram showing a small focal area of stenosis and caliber change at the
anastomosis (white arrow). (B) Transplant hepatic artery angiogram showing resolution of stenosis after balloon
angioplasty using a 5 mm  19 mm uncovered balloon-mounted stent (white arrow).

Similar to portal venous complications, diagnostic imaging for cases of hepatic venous
outflow complications may consist of Doppler
sonography or cross-sectional imaging.31 However, catheter venography remains a gold standard, allowing the opportunity for both
diagnostic evaluation and pressure gradient
evaluation.
Technical considerations and treatment options
for venous outflow complications

 In any hepatic venous outflow stenosis or
occlusion, diagnostic and interventional
techniques are typically performed via the
internal jugular vein, although a percutaneous transhepatic approach may be
necessary30–32
 Pressure gradients can be obtained across
the region of the stenosis to verify imaging
findings or validate clinical suspicion
 A gradient greater than 3 to 10 mm Hg is
generally considered significant
 If significant thrombus is present within the
hepatic vein, mechanical and/or chemical
thrombolysis should be performed 12 to
48 hours before considering balloon angioplasty to treat the underlying stenosis
 If no underlying thrombus is present and only
a stenosis is observed, balloon angioplasty is
performed
 Angioplasty is considered successful if the
pressure gradient is reduced to less than 3
to 5 mm Hg
 If angioplasty is unsuccessful at treating the
stenosis (ie, during the procedure or within
the first 3 months after treatment), stenting
should be performed
 For the unique scenario of stenoses
involving both the hepatic vein and IVC,

kissing angioplasty or stent placement
may be required
Indications for lysis, angioplasty, and stenting in
IVC occlusions or stenoses are similar to those
for hepatic venous stenosis or occlusion.30,31
Treatment is considered successful if the
pressure gradient is reduced to less than 3 to
5 mm Hg.30,31
Technical success rates approach 100% in
treatment of venous outflow complications.30,31,33 The 1-year patency rate for hepatic
venous angioplasty is 60% and the assisted
patency rate approaches 100%.34 Given the
lack of durable results with angioplasty alone,
some interventionalists recommend primary stent
placement in the treatment of hepatic venous stenosis.31 For IVC angioplasty and stent placement,
1-year patency rates are 40% and greater than
91%, respectively.30–32 Many interventionalists
recommend primary stent placement for IVC
complications as well.
Biliary complications
Overview and incidence

 Biliary complications occur in 5% to 30% of
patients after liver transplant12,14,35–37
 Graft loss can occur in 3% to 12% of these
patients
 Types of complications include biliary stricture; bile leak; biloma formation; sphincter of
Oddi dysfunction; and stone, sludge, and
cast formation in the biliary tree
 Complications can result from:
 Surgical error or technique, such as kinking
or narrowing at the level of the anastomosis
 The anastomosis or bile ducts may develop
a compromise to the arterial blood supply,
resulting in bile duct ischemia, biliary duct
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stricture, biloma formation, or ischemic
cholangiopathy
 The biliary tree in a transplanted liver is heavily, if not completely, reliant on the hepatic
arterial blood supply
Clinical presentation and imaging evaluation in
biliary complications

 Patients may be asymptomatic or may present with jaundice, increased liver function
tests, abdominal pain, and/or cholangitis36,38
 Doppler ultrasonography and/or computed
tomography angiography of the abdomen
should be obtained to exclude an arterial
complication
 Magnetic resonance cholangiopancreatography (MRCP) is the imaging modality of choice
for biliary complications
 MRCP can assist with diagnosis of
anastomotic, hilar, and intrahepatic
complications
Biliary stricture The most commonly encoun-

tered biliary complication after transplantation
is biliary stricture. In a recent meta-analysis of
more than 14,000 patients, the incidence of
biliary stricture was estimated to occur in 13%
of patients after liver transplantation.39 Biliary
strictures occur in greater than 75% of affected
patients at the level of the biliary anastomosis.35,40 The remainder are nonanastomotic
strictures, which typically occur secondary to
graft injury and are much more difficult to
treat.35,40 An increased incidence of biliary strictures is observed in patients receiving living
donor liver transplant (LDLT) versus orthotopic
liver transplant, given the inherent difficulties
encountered with smaller grafts and bile ducts

in LDLT patients.39 Endoscopic retrograde cholangiopancreatography (ERCP)–guided drainage
is the most common first-choice treatment strategy (58%), followed by percutaneous transhepatic biliary drainage (PTBD) (15%) and surgical
revision (4%). The remainder undergoes a
combination of these therapies. There is a 98%
rate of salvage using these strategies, with only
1% of patients requiring retransplantation, and
1% of patients experiencing graft loss.39
ERCP-guided therapy allows for diagnostic
and therapeutic treatment and is frequently the
first-choice method for treating biliary strictures,
particularly those in patients with a duct-to-duct
anastomosis. Balloon angioplasty and plastic
stent placement is standard therapy. However,
multiple treatment sessions (often 2–3 months
apart) are often required for successful therapy.
Treatment success ranges from 85% to 90% for
patients treated in this fashion.35,40,41
In patients in whom ERCP-guided therapy has
failed or is challenging (ie, biliary-enteric anastomosis), percutaneous transhepatic biliary (PTB)
intervention is warranted. Transhepatic catheter
placement and balloon angioplasty are performed
as treatment from this approach. Once a transhepatic catheter is placed across the stricture,
access to the bile ducts and the stricture is maintained. Repeated serial balloon angioplasty with or
without catheter upsizing is performed for treatment of the stricture42–44 (Fig. 9). Treatment may
require multiple rounds of angioplasty and prolonged catheter placement to adequately treat
the stricture. Using this method, 51% to 57% of
strictures are successfully treated, and secondary
patency has been reported up to 88% at
5 years.42,43 Of those patients who fail ERCP or

Fig. 9. (A) Cholangiogram in an LDLT patient showing a tight stenosis at the patient’s hepaticoenteric anastomosis (white arrow). (B) Post-angioplasty cholangiogram with a 6 mm  4 cm high-pressure balloon showing resolution of the stenosis (white arrow).
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PTB interventions, surgical revision is often
necessary.
Biliary leak and bilomas Biliary leakage posttransplantation is reported to occur in up to 8%
of cases.39 Leaks can occur at the site of anastomosis, at the cystic duct stump, or along the edges
of the graft in the case of LDLT.36 Treatment strategies are similar to those for biliary stricture, with
surgical drainage or percutaneous drainage of contained leaks offered as possible additional treatment options. In a large recent meta-analysis of
post-transplant biliary complications, PTBD was
performed for treatment in only 10% of cases of
bile leak.39 ERCP or PTBD methods are frequently
successful at diverting bile so that bilomas associated with biliary leaks can be decompressed and
thus can heal.40 Bilomas that do not communicate
with the biliary tree can often be treated by antibiotics with or without percutaneous drainage.35,39

Complications After Kidney Transplantation
Vascular complications
Overview and incidence

 Up to 25% of renal transplant recipients
develop vascular complications14,45–47
 Renal arterial stenosis is the most common
vascular complication, occurring in 4% to
10% of all transplant patients
 Less commonly encountered vascular complications include arterial thrombosis or renal
vein thrombosis
 Usually secondary to operative injury of the
involved vessel

 Computed tomography or magnetic resonance angiography may also be used to assist
in diagnosis or further elucidate ultrasonography findings
 If imaging findings are equivocal, catheter
angiography may provide further characterization and allow for possible treatments
 Hemodynamically significant stenoses can be
verified during angiography by obtaining intraprocedural pressure gradients
The most common location for a renal arterial stenosis is at the site of the anastomosis, and less
commonly in the recipient or graft artery. However,
inflow lesions, such as underlying iliac lesions
caused by atherosclerosis or clamp injury occurring during the transplant operation, can also
occur (Fig. 10).
Treatments for vascular complications after
renal transplantation include angioplasty, stent
placement, and/or thrombolysis. Balloon angioplasty for arterial stenosis is usually the first-line
treatment, followed by stent placement for cases
of angioplasty failure (Fig. 11). Technical success
rates approach 100% and long-term salvage of
the graft approaches 90% of cases.13,46,48–51
For cases of arterial or venous thrombotic occlusion, surgical thrombectomy is typically performed. However, several cases of successful
endovascular lysis for both arterial and venous
thrombosis have been described.52–55 Operative
treatment of stenoses or occlusions is typically
reserved for cases that do not respond to
endovascular therapy or for cases of acute
thrombosis.14

Imaging diagnosis of a vascular complication

 The diagnosis of a vascular complication in a
transplant patient is typically made by
Doppler sonography13,14

Urinary complications
Urinary complications after kidney transplant are
estimated to occur in approximately 6% of

Fig. 10. (A) Transplant renal angiogram performed from the right common iliac artery showing a focal stenosis
(white arrow) in the right external iliac artery caused secondary to vascular clamp injury. (B) Right common iliac
angiogram following placement of a balloon-mounted 10 mm  25 mm uncovered stent showing resolution of
the stenosis (white arrow).
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Fig. 11. (A) Transplant renal angiogram performed from the right common iliac artery showing a focal stenosis
(white arrow) in the main renal artery. (B) Transplant renal angiogram performed from the right common iliac
artery following placement of a balloon-mounted 6 mm  18 mm uncovered stent showing resolution of the stenosis (white arrow).

transplant recipients, as shown in a large recent
retrospective study of nearly 1700 patients.56 In
this series, 2.8% of patients developed a ureteral
stricture, 1.7% of patients developed a urinary
leak and a stricture, and 1.6% of patients developed a urine leak after transplant. Of the patients
who experienced a complication, 70% were successfully managed by percutaneous intervention,
and the remainder were treated operatively. Median time to develop a stricture occurred at
19 days, and all cases of urine leaks, with or
without associated strictures, occurred within
100 days of transplantation.
Stricture of the transplanted ureter most
commonly occurs at the distal ureter or at the ureterovesical anastomosis.57 External compression
of the ureter and/or transplanted kidney can be
assessed by ultrasonography or cross-sectional
imaging. For a ureteral stricture, initial treatment
usually consists of percutaneous nephrostomy
with the ultimate goal of nephroureteral stent or
double-J stent placement. Internal stents are
preferred to external catheters because of the
risk of infection in this immunocompromised population.57 These catheters extend from the renal
pelvis to the urinary bladder and are placed in patients with normal bladder function. Double-J
stents can be placed via an antegrade approach
(via the nephrostomy access) or via a retrograde,
cystoscopic approach.
In cases of isolated ureteral stricture, nephroureteral stent with or without ureteral angioplasty is successful in 68% of cases; in cases of
urine leak with ureteral stricture, nephroureteral

stent with or without ureteral angioplasty is successful in 75% of cases; and in patients with an
isolated urine leak, nephroureteral or double-J
stent placement is successful in 67% of
cases56,58,59 (Fig. 12). In patients who fail percutaneous approaches to management, surgical intervention is often necessary.57
Biopsy complications
Transplant recipients frequently require percutaneous biopsy to assess graft function. Given that
large core samples are commonly required for
tissue analysis, significant arterial bleeding, traumatic pseudoaneurysms, or arteriovenous fistulae
may result.14 Most of these injuries are subclinical
and inconsequential. Clinically significant complications (eg, decreasing hematocrit or increasing
serum creatinine level) can be confirmed by
imaging, such as duplex ultrasonography, or angiography if ultrasonography is equivocal. Transcatheter embolization of the biopsy-related
vascular injury can be performed safely and effectively with a low probability of affecting long-term
graft function.60,61

Complications After Pancreas Transplantation
Given the infrequency of pancreatic transplantation at many institutions, complications after
pancreatic transplantation may be rarely encountered. However, radiologists and interventionalists
should be familiar with the most common complications, which are usually vascular.62,63
Vascular complications after pancreatic transplant include arterial stenosis or thrombosis,
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Fig. 12. (A) Nephrostogram in a renal transplant showing a partially obstructing stricture/stenosis involving the
distal ureter (white arrow). (B) Ureteroplasty of the same patient’s distal ureter performed with a 6 mm  4 cm
high-pressure balloon (white arrow). (C) Double-J 8-F ureteric stent placement in the same patient after ureteroplasty (white arrows). An 8-F nephrostomy tube is also present in the pelvis of the transplant kidney.

pseudoaneurysm or arteriovenous fistula formation, and venous thrombosis. Given the scarcity
of literature on these topics, most recommendations are anecdotal based on case reports, and
thus no general consensus exists.
In cases of pancreatic arterial stenosis, either
anticoagulation or interventional therapy (eg,
balloon angioplasty or stent placement) may be
beneficial depending on the particular patient.63
Pancreatic arterial thrombosis does not appear
to respond well to pharmacomechanical lysis,
likely secondary to the small size of pancreatic
vessels that may be involved.63 However, arteriovenous fistulae and pseudoaneurysms involving
the graft vessels do appear to respond well to endovascular therapy depending on the ease with
which the involved vessels can be approached endovascularly.63,64 Depending on the case, venous
thrombosis may respond to either anticoagulation,
surgical thrombectomy, or endovascular lysis with
favorable results.65,66

REFERENCES
1. Tzakis A, Todo S, Starzl TE. Orthotopic liver transplantation with preservation of the inferior vena
cava. Ann Surg 1989;210(5):649–52.
2. Reddy K, Mallett S, Peachey T. Venovenous bypass
in orthotopic liver transplantation: time for a rethink?
Liver Transpl 2005;11(7):741–9.
3. Grande L, Rimola A, Cugat E, et al. Effect of venovenous bypass on perioperative renal function in liver
transplantation: results of a randomized, controlled
trial. Hepatology 1996;23(6):1418–28.
4. Shaw BW Jr, Martin DJ, Marquez JM, et al. Venous
bypass in clinical liver transplantation. Ann Surg
1984;200(4):524–34.

5. Fan ST, Yong BH, Lo CM, et al. Right lobe living
donor liver transplantation with or without venovenous bypass. Br J Surg 2003;90(1):48–56.
6. Kuo PC, Alfrey EJ, Garcia G, et al. Orthotopic liver
transplantation with selective use of venovenous
bypass. Am J Surg 1995;170(6):671–5.
7. Wilson CH, Rix DA, Manas DM. Routine intraoperative ureteric stenting for kidney transplant recipients.
Cochrane Database Syst Rev 2013;(6):CD004925.
8. Hedges SJ, Dehoney SB, Hooper JS, et al.
Evidence-based treatment recommendations for
uremic bleeding. Nat Clin Pract Nephrol 2007;3(3):
138–53.
9. Tavakoli A, Surange RS, Pearson RC, et al. Impact
of stents on urological complications and health
care expenditure in renal transplant recipients: results of a prospective, randomized clinical trial.
J Urol 2007;177(6):2260–4 [discussion: 2264].
10. Amante AJ, Kahan BD. En bloc transplantation of
kidneys from pediatric donors. J Urol 1996;155(3):
852–6 [discussion: 856–7].
11. Dreikorn K, Rohl L, Horsch R. The use of double
renal transplants from paediatric cadaver donors.
Br J Urol 1977;49(5):361–4.
12. Duffy JP, Hong JC, Farmer DG, et al. Vascular complications of orthotopic liver transplantation: experience in more than 4,200 patients. J Am Coll Surg
2009;208(5):896–903 [discussion: 903–5].
13. Pappas P, Zavos G, Kaza S, et al. Angioplasty and
stenting of arterial stenosis affecting renal transplant
function. Transplant Proc 2008;40(5):1391–6.
14. Valji K. The practice of vascular and interventional
radiology. 3rd edition. Philadelphia: Saunders
Elsevier; 2012.
15. Pareja E, Cortes M, Navarro R, et al. Vascular complications after orthotopic liver transplantation: hepatic
artery thrombosis. Transplant Proc 2010;42(8):2970–2.

Techniques in Solid Organ Transplantation
16. Abbasoglu O, Levy MF, Vodapally MS, et al. Hepatic
artery stenosis after liver transplantation–incidence,
presentation, treatment, and long term outcome.
Transplantation 1997;63(2):250–5.
17. Saad WE, Davies MG, Sahler L, et al. Hepatic artery
stenosis in liver transplant recipients: primary treatment with percutaneous transluminal angioplasty.
J Vasc Interv Radiol 2005;16(6):795–805.
18. Vivarelli M, Cucchetti A, La Barba G, et al. Ischemic
arterial complications after liver transplantation in
the adult: multivariate analysis of risk factors. Arch
Surg 2004;139(10):1069–74.
19. Dodd GD 3rd, Memel DS, Zajko AB, et al. Hepatic artery stenosis and thrombosis in transplant recipients:
Doppler diagnosis with resistive index and systolic
acceleration time. Radiology 1994;192(3):657–61.
20. Vit A, De Candia A, Como G, et al. Doppler evaluation
of arterial complications of adult orthotopic liver transplantation. J Clin Ultrasound 2003;31(7):339–45.
21. Saad WE. Management of hepatic artery stenoocclusive complications after liver transplantation.
Tech Vasc Interv Radiol 2007;10(3):207–20.
22. Kodama Y, Sakuhara Y, Abo D, et al. Percutaneous
transluminal angioplasty for hepatic artery stenosis
after living donor liver transplantation. Liver Transpl
2006;12(3):465–9.
23. Ueno T, Jones G, Martin A, et al. Clinical outcomes
from hepatic artery stenting in liver transplantation.
Liver Transpl 2006;12(3):422–7.
24. Woo DH, Laberge JM, Gordon RL, et al. Management of portal venous complications after liver
transplantation. Tech Vasc Interv Radiol 2007;
10(3):233–9.
25. Saad WE. Portal interventions in liver transplant recipients. Semin Intervent Radiol 2012;29(2):99–104.
26. Funaki B, Rosenblum JD, Leef JA, et al. Percutaneous treatment of portal venous stenosis in children
and adolescents with segmental hepatic transplants: long-term results. Radiology 2000;215(1):
147–51.
27. Ko GY, Sung KB, Yoon HK, et al. Early posttransplantation portal vein stenosis following living donor
liver transplantation: percutaneous transhepatic primary stent placement. Liver Transpl 2007;13(4):
530–6.
28. Ueda M, Egawa H, Ogawa K, et al. Portal vein complications in the long-term course after pediatric
living donor liver transplantation. Transplant Proc
2005;37(2):1138–40.
29. Navarro F, Le Moine MC, Fabre JM, et al. Specific
vascular complications of orthotopic liver transplantation with preservation of the retrohepatic vena
cava: review of 1361 cases. Transplantation 1999;
68(5):646–50.
30. Darcy MD. Management of venous outflow complications after liver transplantation. Tech Vasc Interv
Radiol 2007;10(3):240–5.

31. Wang SL, Sze DY, Busque S, et al. Treatment of
hepatic venous outflow obstruction after piggyback liver transplantation. Radiology 2005;236(1):
352–9.
32. Weeks SM, Gerber DA, Jaques PF, et al. Primary
Gianturco stent placement for inferior vena cava abnormalities following liver transplantation. J Vasc Interv Radiol 2000;11(2 Pt 1):177–87.
33. Ko GY, Sung KB, Yoon HK, et al. Endovascular treatment of hepatic venous outflow obstruction after
living-donor liver transplantation. J Vasc Interv Radiol 2002;13(6):591–9.
34. Kubo T, Shibata T, Itoh K, et al. Outcome of percutaneous transhepatic venoplasty for hepatic venous
outflow obstruction after living donor liver transplantation. Radiology 2006;239(1):285–90.
35. Atwal T, Pastrana M, Sandhu B. Post-liver transplant
biliary complications. J Clin Exp Hepatol 2012;2(1):
81–5.
36. Macias-Gomez C, Dumonceau JM. Endoscopic
management of biliary complications after liver
transplantation: an evidence-based review. World J
Gastrointest Endosc 2015;7(6):606–16.
37. Wojcicki M, Milkiewicz P, Silva M. Biliary tract complications after liver transplantation: a review. Dig
Surg 2008;25(4):245–57.
38. Novellas S, Caramella T, Fournol M, et al. MR cholangiopancreatography features of the biliary tree after liver transplantation. AJR Am J Roentgenol 2008;
191(1):221–7.
39. Akamatsu N, Sugawara Y, Hashimoto D. Biliary
reconstruction, its complications and management
of biliary complications after adult liver transplantation: a systematic review of the incidence,
risk factors and outcome. Transpl Int 2011;24(4):
379–92.
40. Kothary N, Patel AA, Shlansky-Goldberg RD. Interventional radiology: management of biliary complications of liver transplantation. Semin Intervent
Radiol 2004;21(4):297–308.
41. Rerknimitr R, Sherman S, Fogel EL, et al. Biliary tract
complications after orthotopic liver transplantation
with choledochocholedochostomy anastomosis:
endoscopic findings and results of therapy. Gastrointest Endosc 2002;55(2):224–31.
42. Sung RS, Campbell DA Jr, Rudich SM, et al. Longterm follow-up of percutaneous transhepatic balloon
cholangioplasty in the management of biliary strictures after liver transplantation. Transplantation
2004;77(1):110–5.
43. Roumilhac D, Poyet G, Sergent G, et al. Long-term
results of percutaneous management for anastomotic biliary stricture after orthotopic liver transplantation. Liver Transpl 2003;9(4):394–400.
44. Venbrux AC, Osterman FA Jr. Percutaneous management of benign biliary strictures. Tech Vasc
Interv Radiol 2001;4(3):141–6.

279

280

Ingraham & Montenovo
45. Bruno S, Remuzzi G, Ruggenenti P. Transplant renal
artery stenosis. J Am Soc Nephrol 2004;15(1):134–41.
46. Henning BF, Kuchlbauer S, Boger CA, et al. Percutaneous transluminal angioplasty as first-line treatment
of transplant renal artery stenosis. Clin Nephrol
2009;71(5):543–9.
47. Singh AK, Sahani DV. Imaging of the renal donor
and transplant recipient. Radiol Clin North Am
2008;46(1):79–93, vi.
48. Libicher M, Radeleff B, Grenacher L, et al. Interventional therapy of vascular complications following
renal transplantation. Clin Transplant 2006;
20(Suppl 17):55–9.
49. Beecroft JR, Rajan DK, Clark TW, et al. Transplant
renal artery stenosis: outcome after percutaneous
intervention. J Vasc Interv Radiol 2004;15(12):
1407–13.
50. Hagen G, Wadstrom J, Magnusson M, et al.
Outcome after percutaneous transluminal angioplasty of arterial stenosis in renal transplant patients.
Acta Radiol 2009;50(3):270–5.
51. Valpreda S, Messina M, Rabbia C. Stenting of transplant renal artery stenosis: outcome in a single center study. J Cardiovasc Surg (Torino) 2008;49(5):
565–70.
52. Modrall JG, Teitelbaum GP, Diaz-Luna H, et al. Local
thrombolysis in a renal allograft threatened by renal
vein thrombosis. Transplantation 1993;56(4):1011–3.
53. Melamed ML, Kim HS, Jaar BG, et al. Combined
percutaneous mechanical and chemical thrombectomy for renal vein thrombosis in kidney transplant
recipients. Am J Transplant 2005;5(3):621–6.
54. Rouviere O, Berger P, Beziat C, et al. Acute thrombosis of renal transplant artery: graft salvage by
means of intra-arterial fibrinolysis. Transplantation
2002;73(3):403–9.
55. Klepanec A, Balazs T, Bazik R, et al. Pharmacomechanical thrombectomy for treatment of acute transplant renal artery thrombosis. Ann Vasc Surg 2014;
28(5):1314.e11–4.
56. Englesbe MJ, Dubay DA, Gillespie BW, et al. Risk
factors for urinary complications after renal transplantation. Am J Transplant 2007;7(6):1536–41.

57. Kobayashi K, Censullo ML, Rossman LL, et al. Interventional radiologic management of renal transplant dysfunction: indications, limitations, and
technical considerations. Radiographics 2007;
27(4):1109–30.
58. Benoit G, Alexandre L, Moukarzel M, et al. Percutaneous antegrade dilation of ureteral strictures in kidney transplants. J Urol 1993;150(1):37–9.
59. Fontaine AB, Nijjar A, Rangaraj R. Update on the use
of percutaneous nephrostomy/balloon dilation for
the treatment of renal transplant leak/obstruction.
J Vasc Interv Radiol 1997;8(4):649–53.
60. Perini S, Gordon RL, LaBerge JM, et al. Transcatheter embolization of biopsy-related vascular injury
in the transplant kidney: immediate and long-term
outcome. J Vasc Interv Radiol 1998;9(6):1011–9.
61. Loffroy R, Guiu B, Lambert A, et al. Management of
post-biopsy renal allograft arteriovenous fistulas
with selective arterial embolization: immediate
and long-term outcomes. Clin Radiol 2008;63(6):
657–65.
62. Gruessner AC, Gruessner RW. Pancreas transplant
outcomes for United States and non United States
cases as reported to the United Network for Organ
Sharing and the International Pancreas Transplant
Registry as of December 2011. Clin Transpl
2012;23–40.
63. Saad WE, Darwish WE, Turba UC, et al. Endovascular management of vascular complications in
pancreatic transplants. Vasc Endovascular Surg
2012;46(3):262–8.
64. Barth MM, Khwaja K, Faintuch S, et al. Transarterial
and transvenous embolotherapy of arteriovenous
fistulas in the transplanted pancreas. J Vasc Interv
Radiol 2008;19(8):1231–5.
65. Delis S, Dervenis C, Bramis J, et al. Vascular complications of pancreas transplantation. Pancreas 2004;
28(4):413–20.
66. Stockland AH, Willingham DL, Paz-Fumagalli R,
et al. Pancreas transplant venous thrombosis: role
of endovascular interventions for graft salvage. Cardiovasc Intervent Radiol 2009;32(2):279–83.

Pediatric Abdominal
O r g a n Tr a n s p l a n t a t i o n
Current Indications, Techniques, and
Imaging Findings
A. Luana Stanescu, MDa, Anastasia L. Hryhorczuk, MDb,
Patricia T. Chang, MDc, Edward Y. Lee, MD, MPHd,
Grace S. Phillips, MDa,*
KEYWORDS
 Pediatric renal transplantation  Liver transplantation  Multivisceral transplantation
 Doppler ultrasound  Hepatic artery thrombosis  Renal artery stenosis  Intestinal failure

KEY POINTS
 Vascular complications in pediatric renal transplants, including renal artery thrombosis, renal vein
thrombosis, and renal artery stenosis, remain the main cause for graft loss.
 Compared with adults, a higher rate of complications is seen with pediatric liver transplantation.
 Accurate and timely radiological diagnosis of transplant complications facilitates appropriate treatment and minimizes morbidity and mortality.
 Doppler ultrasound is the mainstay of imaging after transplantation.
 Computed tomography (CT) and CT angiography, MR imaging and magnetic resonance (MR) angiography, MR cholangiopancreatography, conventional angiography, and nuclear medicine imaging
may be used for problem-solving in pediatric transplant patients.

End-stage renal disease (ESRD) affects pediatric
patients of all ages, with an incidence of 14.1
cases/million in 2012.1 The most common causes
for pediatric ESRD in young children are renal
dysplasia and congenital urinary tract obstruction/reflux nephropathy, whereas acquired glomerular disease, such as focal glomerular sclerosis, is
more commonly seen in older pediatric patients.
Treatment is usually sequential, initiated with hemodialysis and followed by peritoneal dialysis

and renal transplant.1,2 In recent years, renal transplant has become the optimal therapeutic option
for pediatric patients with end-stage kidney disease, providing the most effective long-term renal
replacement therapy, with the advantages of
significantly improved survival as compared with
long-term dialysis as well as a better growth potential and overall quality of life.3–5 The main contraindications for renal transplantation include active or
chronic sepsis, active malignancy, and ESRD from
autoimmune disease with elevated levels of
circulating antiglomerular basement membrane
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antibodies like Goodpasture disease and systemic
lupus erythematosus.6,7

Normal Anatomy and Imaging Techniques
Ultrasound is the anatomic imaging modality of
choice in renal transplant, providing a comprehensive assessment including gray-scale and color
Doppler evaluation of the renal graft and spectral
Doppler interrogation of the transplant vasculature. At the authors’ institution, an initial baseline
ultrasound examination is performed immediately
after surgery (Box 1). Short-term follow-up sonographic evaluations are obtained as needed depending on clinical evolution and initial imaging
findings, whereas long-term follow-up includes
yearly ultrasound examinations.8,9 Ultrasound
also provides guidance for renal graft biopsies.
Contrast-enhanced ultrasound using gas-filled microbubbles can assess graft microvascular perfusion and was found to have prognostic value for
long-term kidney function in adults,10,11 therefore,
potentially representing a future imaging modality
in pediatric renal transplantation patients as well.
Renal scintigraphy using Technetium mertiatide
(99m Tc [MAG 3]) is currently the preferred functional imaging method of evaluating the transplanted kidney given its capability to assess the
graft perfusion, parenchymal uptake, and excretion. For many years, renal scintigraphy was

Box 1
Imaging techniques
Doppler ultrasound
 Gray-scale imaging of the renal transplant
 Color and spectral Doppler evaluation of
renal inflow and outflow including all anastomoses and sampling of parenchymal
arteries
Renal scintigraphy with 99m Tc (MAG 3)
 Evaluates graft perfusion, parenchymal uptake, and excretion
MR and CT
 MRA may be used in vascular complications
such as renal artery stenosis if indicated,
with time-of-flight technique or contrastenhanced time-resolved MR angiogram
 CTA is infrequently used; in select cases it can
be performed with thin collimation and bolus
tracking on the abdominal aorta tailored to
individual pediatric patients
 Maximum-intensity-projection images can be
obtained with both modalities

performed routinely for all pediatric patients immediately after transplant, but is now used as a
problem-solving tool for suspected complications
after surgery.
Cross-sectional imaging with computed tomography (CT) or magnetic resonance (MR) has limited
indications in pediatric renal transplants and is primarily used for evaluating vascular complications
after transplantation. CT is now infrequently used
in children with renal grafts given concerns for radiation and the nephrotoxic potential of CT contrast.
MR has the advantage of a nonradiating anatomic
technique with excellent angiographic capabilities
and essentially nonnephrotoxic contrast agents;
however, the utilization is compromised by the
need for sedation in young children, its high cost,
and its limited availability. MR renography is
emerging as a powerful functional imaging tool,
potentially able to differentiate noninvasively acute
rejection from acute tubular necrosis, currently
diagnosed by renal biopsy.12,13 Although this technique may have an important role in the future, to
the authors’ knowledge, no data are yet available
for pediatric renal transplant recipients.

Preoperative Assessment
Abdominal Doppler ultrasound is routinely performed during pretransplant assessment to evaluate the vascular anatomy, including the aorta,
inferior vena cava (IVC), and common iliac vessels14 (Box 2). Contrast-enhanced CT angiogram
is indicated in pediatric patients on peritoneal dialysis, in whom the aorta and IVC are incompletely
visualized and assessed by ultrasound as well as
in those with prior invasive vascular procedures/
long-standing central lines with vascular occlusion
detected by ultrasound. A chest radiograph is
obtained the day before surgery to screen for
active infection.6,7
More comprehensive pretransplant imaging
studies are reserved for pediatric patients with
specific urinary abnormalities, such as neurogenic
Box 2
Preoperative imaging in renal transplantation
Routine
 Abdominal Doppler ultrasound of the aorta,
IVC, and common iliac vessels
 Chest radiograph
Advanced imaging
 CTA
 Voiding cystourethrogram
 Urodynamic studies
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bladder, prune belly syndrome or posterior urethral valves, recurrent urinary tract infections, or
voiding abnormalities. In these patients, voiding
cystourethrography and urodynamic studies may
be indicated to detect any underlying abnormality
that could potentially affect the renal graft
and should be surgically corrected before
transplantation.6,7

Postoperative Assessment
Although surgical techniques may vary, renal transplants in children are always heterotopic allografts,
obtained from living donors in approximately 50%
of the cases,15 usually the patient’s parents.16
Adult-sized kidney transplants from living donors
are associated with better graft outcome even in
small children, despite the vascular size discrepancy and the high blood flow/perfusion requirement relative to the child cardiac output.
In older children with body weight of 30 kg or
more, the surgical technique is identical to adults,
with the renal graft placed in an extraperitoneal
location in the right iliac fossa, and end-to-side
vascular anastomosis to the ipsilateral common
iliac artery and vein.2,9 In pediatric patients with
body weight less than 10 kg, the extraperitoneal
space may not accommodate the size of the renal
graft, which can be placed intraperitoneally and
anastomosed to the aorta and IVC to allow a better
perfusion.2 Despite technical difficulties related to
vascular access for anastomosis, a recent study
showed similar outcomes when comparing intraperitoneal and extraperitoneal transplantation in
small children.17 Surgical technique for children

with body weight between 10 and 30 kg depends
on body habitus and surgeon preference. Ureteroneocystostomy remains the preferred surgical
method for ureteral anastomosis, independent of
age or body habitus.16,18 Ureteral stenting technique after transplant is variable.9,18
The gray-scale sonographic features of the renal
graft are slightly different as compared with native
kidneys, with improved details given the superficial position, closer to the transducer. The renal
cortex may be more echogenic, with an accentuated corticomedullary differentiation, while the
renal sinus fat may also demonstrate increased
echogenicity. Mild prominence of the ureter and
renal pelvis can be present due to absent peristalsis related to denervation.19 Small perinephric
hematomas or seromas represent an expected
finding after surgery (Fig. 1).
Global parenchymal perfusion evaluated qualitatively with color or power Doppler should be
homogenous, with cortical interlobular vessels
visualized to the capsule. Spectral Doppler arterial
waveforms in a normal renal transplant demonstrate a low resistance waveform with continuous
antegrade flow throughout the cardiac cycle and
sharp systolic upstroke. The normal range of
peak systolic velocities in the extrarenal artery is
between 50 and 200 cm/s, with transient turbulence and high velocity often present immediately
after surgery because of perianastomotic edema
(see Fig. 1). Renal artery velocities should always
be correlated with peak velocities in the aorta/iliac
vessels (renal/aortic ratio). Diffusely increased
peak systolic velocities in the graft artery are typically seen in the setting of increased systemic
Fig. 1. Expected immediate postoperative findings in a renal transplant.
(A) Spectral waveform analysis of the
superior-most of 2 renal arteries on
day 1 after surgery demonstrates
normal waveforms and elevated
velocity of 306 cm/s near the anastomosis. (B) Spectral waveform analysis
of the main renal vein demonstrates
slightly phasic, normal-directional
flow with high velocity at the anastomosis of 186 cm/s. Follow-up Doppler
examination on day 2 after surgery
(not shown) demonstrated normalized velocities in the renal artery
and vein, consistent with decreased
perianastomotic edema. (C) Transverse gray-scale image shows a small,
heterogeneous crescentic perinephric fluid collection on postoperative
day 2, consistent with evolving
hematoma.
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velocities, often related in the immediate postoperative period to overhydration. Spectral Doppler
interrogation of the interlobar renal arteries allows
assessment of the intrarenal vascular resistance
through the resistive index (RI), calculated as
(peak systolic velocity
end diastolic velocity)/
peak systolic velocity. Normal values range between 0.4 and 0.8 and may increase up to 1.0 in
the immediate postoperative period because of
graft edema, causing decreased diastolic flow.
Renal vein waveform is usually monophasic and
in the opposite direction of the renal artery. Similar
to the renal artery, high velocities and turbulent
waveform may be present immediately after surgery because of perianastomotic edema (see
Fig. 1).
Normal posttransplant renal scintigraphy with
99m Tc mertiatide shows prompt perfusion and
uniform cortical uptake, with time to peak less
than 5 minutes and time to half activity of up to
11 minutes. Normal excretion in the renal pelvis
and spontaneous drainage in the ureter and
bladder should be present.

Complications
Hematoma and seroma
Perinephric fluid collections, including hematomas, seromas, urinomas, abscesses, and lymphoceles, represent a common occurrence, seen
in up to 50% of renal transplant patients.19,20 Subcapsular or perinephric hematomas are typically
detected by ultrasound immediately after surgery
as a crescentic homogenous hypoechoic fluid
collection (see Fig. 1). Small hematomas usually
resolve spontaneously or may evolve into chronic
seromas, depicted as homogenous anechoic fluid
collections. Larger perinephric hematomas may
cause hydronephrosis through mass effect on
the ureter, whereas significant subcapsular hematomas can result in parenchymal compression
and hypoperfusion, leading to the so-called Page
kidney and pseudorejection.9 Percutaneous
ultrasound-guided drainage is indicated in these
cases. Perinephric hematomas may also occur after renal biopsies and trauma.
Abscess
Perinephric abscesses are rare, presenting with
fever and graft pain in the first month after surgery
in affected pediatric patients. Underlying cause
may include superinfection of a prior sterile perinephric collection or direct extension from surgical
wound or extensive renal graft pyelonephritis.9
Although the presence of gas foci is highly concerning for an infected fluid collection, more often
the ultrasound appearance of an abscess is
nonspecific, showing a complex perinephric fluid

collection with thick septations and echogenic
debris, difficult to differentiate from a resolving hematoma. Percutaneous ultrasound-guided fluid
aspiration followed by fluid analysis can provide
a definitive diagnosis.
Lymphocele
Lymphoceles represent a late complication of
renal transplant, seen usually 4 to 8 weeks after
surgery, with a variable incidence reported to be
up to 15%.8 The cause is likely related to the surgical disruption of lymphatic channels along the
great vessels during dissection near the site of
anastomosis or in the renal hilum. Additional factors, such as high-dose steroids, certain immunosuppressives, and high body mass index, were
found to be associated with an increased risk of
developing lymphatic complications after renal
transplant.21 Most lymphoceles are small in size
and incidentally discovered during routine ultrasound examinations. Large lymphoceles can be
symptomatic, presenting with graft pain and
mass effect on the renal transplant and adjacent
common iliac vessels, causing decreased renal
function and ipsilateral lower extremity swelling.
Lymphoceles appear on ultrasound as a welldefined, predominantly anechoic fluid collection
with possible thin echogenic internal septations.8,21 On renal scintigraphy with 99m Tc
mertiatide, lymphoceles are photopenic, which
differentiates them from urine leak.

Vascular Complications
Vascular complications in pediatric renal transplants, including renal artery thrombosis, renal
vein thrombosis, and renal stenosis, remain the
main cause for graft loss, with a reported incidence between 8.5% and 10%.22,23
Renal artery thrombosis
Renal artery thrombosis is a rare immediate
complication present in up to 1% of renal grafts,
seen in correlation with young age of recipients,
deceased donors, and prolonged ischemic cold
time. Renal artery thrombosis has been infrequently reported in the last decade with the advent
of increasing living adult donor transplantation.
The cause is usually arterial kink or an intimal
flap, while severe rejection and hypercoagulability
can be precipitating factors.8,9
Global renal infarction is virtually always associated with renal artery thrombosis. Ultrasound evaluation depicts an enlarged, edematous kidney
with absent parenchymal Doppler color flow and
absent color flow and spectral Doppler waveforms
in the renal vessels. A similar sonographic appearance may however be seen in severe rejection.
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Further evaluation with renal scintigraphy may
clarify the diagnosis, absent perfusion and cortical
uptake being diagnostic for renal artery thrombosis. Segmental infarcts seen on ultrasound as
wedge-shaped hypoechoic regions with absent
perfusion result from thrombosis of an accessory
renal artery or in grafts with multiple renal arteries
and may be detected immediately after surgery as
well as a delayed complication related to rejection,
when a focal area of increased renal echogenicity
will be present (Fig. 2).9,24
Renal vein thrombosis
Renal vein thrombosis is also a rare adverse event
seen in the first month after surgery, presenting
with pain, occurring in up to 7% of pediatric renal
transplants.22,23 Possible causes include venous
compression from perinephric fluid collection and
technically difficult venous anastomosis with
ischemic changes, with predisposing factors
including hypercoagulability, hypovolemia, or
slow flow from acute rejection.19,23,24 Ultrasound
evaluation will show an enlarged edematous kidney with absent color and spectral Doppler flow
in the renal vein, which may contain echogenic
clot. Decreased peak systolic velocity and
reversed diastolic flow are present on renal artery
spectral Doppler waveform. On 99m Tc mertiatide
renal scintigraphy, the findings are nonspecific,
with delayed perfusion, decreased cortical uptake,
and no excretion, similar to acute rejection or
pseudorejection.
Renal artery stenosis
Renal artery stenosis is a late complication of
renal transplant, reported lately in up to 4% of
pediatric patients.22,23 Affected pediatric patients

typically present with new onset hypertension
with or without graft dysfunction. Color and
spectral Doppler ultrasound findings of renal
artery stenosis include focal narrowing and turbulent flow, usually in the region of the anastomosis, with spectral broadening of the arterial
waveform, decreased diastolic flow, and peak
systolic velocity higher than 200 cm/s. Tardus
parvus waveforms with decreased resistive
indices may be present distally in the renal parenchyma. Perivascular soft tissue vibrations,
seen as low-frequency reflections on each side
of the baseline on spectral Doppler, are caused
by turbulent flow in the stenotic segment.25 MR
angiography (MRA) or CT angiography (CTA)
can be used for confirmation, because ultrasound cannot always differentiate arterial kink
from stenosis. Conventional angiography remains the gold standard for diagnostic as well
as treatment of hemodynamically significant
stenosis.

Urologic Complications
Urologic complications after renal transplantation
include obstruction, urinary leak, and vesicoureteral reflux, present in up to 21% of pediatric
patients.18,26
Urinary tract obstruction
Urinary tract obstruction is seen more frequently in
the first month after transplant, although it may
have a delayed presentation after months or years.
Stricture at the anastomosis in the distal ureter is
the most common cause of obstruction, with
approximately 90% of the cases presenting with
stenosis in the distal third of the ureter.24 Renal
stones, fungus balls, and sloughed papilla account

Fig. 2. Segmental infarct. Transverse
sonogram obtained 2 years after
transplant shows a wedge-shaped
area of increased echogenicity in
the inferior pole on gray-scale imaging (left), with absent flow on color
Doppler (right), suggestive of
infarct.
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for the remainder of the cases. Affected pediatric
patients are usually asymptomatic given that renal
colic cannot occur in the setting of kidney and
ureter denervation. Although mild collecting system dilation may represent a normal finding in
renal transplants, moderate and particularly progressive hydronephrosis is highly concerning for

obstruction. Nuclear medicine renogram can help
differentiate a patulous system from obstruction
(Fig. 3).
Urine leak and urinoma
Urine extravasation is relatively rare, presenting
early after surgery with severe pain, swelling,

Fig. 3. Ureteral obstruction. (A) Longitudinal gray-scale sonogram of the renal transplant 1 day after stent
removal demonstrates new mild to moderate pelvicaliectasis and ureterectasis. (B) Nuclear medicine renal scintigraphy with 99m Tc mertiatide shows prompt perfusion with delayed cortical transit. There was no significant
spontaneous excretion before Lasix, with mild excretion after Lasix. (C) Time activity curve reflects these findings,
consistent with high-grade obstruction. On retrograde pyelogram (not shown), patient was found to have distal
ureteral narrowing at the anastomosis.
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Fig. 3. (continued)

and decreased urine output. Vascular insufficiency and subsequent necrosis of the renal collecting system represent the most frequently
encountered cause, affecting the distal ureter
and the vesicoureteral anastomosis more
commonly than the proximal ureter and renal
calyces.21 Ultrasound evaluation demonstrates a
nonspecific anechoic fluid collection without septations, which may increase in size rapidly,
requiring emergent ultrasound-guided aspiration/
decompression.24 Urinary ascites is present in
intraperitoneal transplants. Renal scintigraphy
with 99m Tc mertiatide is diagnostic and highly
specific, demonstrating progressive radiotracer
uptake in the extraluminal fluid.
Vesicoureteral reflux
Vesicoureteral reflux may be seen in up to 10% of
pediatric renal patients and is more likely to be
present in children with prior urologic abnormality,
especially posterior urethral valves.18 Currently, it
is not clear if the presence of vesicoureteral reflux
is associated with increased frequency of graft
infection or decreased graft survival.9,18 Similar
to native kidneys, voiding cytoureterography and
nuclear medicine cystogram are diagnostic
(Fig. 4).

Parenchymal Abnormalities
Three main diffuse parenchymal abnormalities of
the renal graft in the immediate postoperative
period include acute tubular necrosis, rejection,
and drug nephrotoxicity. Acute tubular necrosis,
also known as preservation injury, is related to
ischemic time, more commonly seen in grafts
from deceased donors (Fig. 5). Acute rejection,
humoral or cellular, is the most common type of
rejection and may occur within 1 to 3 weeks after
transplantation (Fig. 6).24 Advances in immunosuppressive therapy over the last 10 to 15 years
led to a significant decrease in the incidence of
acute rejection episodes.5 Calcineurin inhibitors
remain the mainstay of immunosuppressive therapy in pediatric renal transplant. Unfortunately,
their nephrotoxic potential can lead to graft injury.
Ultrasound findings in all 3 clinical entities, when
present, are usually nonspecific, with loss of the
corticomedullary differentiation of the enlarged,
edematous renal graft. Moderate urothelial thickening without evidence of pyelonephritis or associated hydronephrosis is thought, however, to be
highly suggestive of acute rejection.27 Doppler ultrasound may show decreased diastolic flow with
increased RI in the parenchymal arteries. 99m Tc
mertiatide renal scintigraphy may help differentiate
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of AV fistulas and pseudoaneurysms do not
require treatment and resolve/thrombose spontaneously. Transcatheter embolization is indicated
in symptomatic, enlarging AV fistulas causing renal
ischemia due to the steal phenomenon as well as
in pseudoaneurysms larger than 2 cm.24

Summary
Ultrasound remains the primary imaging tool in
renal transplant monitoring and detection of
complications, while nuclear medicine renal
scintigraphy is valuable as a problem-solving tool
in selected cases. Cross-sectional imaging using
CT and MR has a limited role. Increased awareness of the imaging appearances in renal transplant complications can help in early diagnostic
and therapeutic management, potentially extending the graft life.

Pitfalls

Fig. 4. Vesicoureteral reflux. Voiding cystourethrogram demonstrates reflux during voiding into a
dilated collecting system with blunted fornices in a
patient presenting with urinary tract infection 2 years
after renal transplant.

between acute tubular necrosis and acute rejection. Prompt perfusion and uptake are typically
seen in acute tubular necrosis as well as in acute
drug toxicity, with decreased or absent perfusion
in acute rejection. Excretion is decreased or absent in all clinical entities. Definitive diagnosis is
usually made by biopsy and histologic analysis.
Chronic allograft dysfunction, typically occurring 3 months after transplantation, may be seen
in chronic rejection as well as in chronic use of calcineurin inhibitors. Ultrasound features of chronic
allograft dysfunction include progressive volume
loss of the renal graft on serial ultrasounds, with
cortical
thinning
and
increased
cortical
echogenicity.

Postbiopsy Complications
Ultrasound-guided core needle biopsy of the renal
graft remains an important diagnostic method for
graft surveillance and in allograft dysfunction.
Common postbiopsy complications include perinephric hematomas, arteriovenous (AV) fistulas
(Fig. 7), and pseudoaneurysms. The vast majority

 Adult-sized kidney transplants from living donors are associated with better graft outcome
even in small children.
 Urinary tract obstruction is painless in patients
after renal transplant due to renal and ureteral
denervation.
 The greatest reduction in renal graft volume in
the first 6 months after transplantation is seen
in the youngest transplant recipients, thought
to reflect adaptation of the adult size kidney to
the lower pediatric vascular supply.

What the Referring Physician Needs to Know
 Are there any focal or diffuse gray-scale or color flow abnormalities of the renal transplant
parenchyma?
 Is there new/increasing moderate hydronephrosis to suggest obstruction?
 For extraperitoneal renal transplants, are
there any focal perinephric fluid collections
to suggest hematoma or abscess? If present,
is there mass effect on the renal graft or renal
vessels, causing decreased renal perfusion?
 Are there any abnormalities of the Doppler
evaluation to suggest vascular complication?

LIVER TRANSPLANTATION
Introduction
Advances in surgical technique and immunosuppressive regimens have allowed pediatric liver
transplantation to be an accepted treatment of
end-stage liver disease in children. According to
the Organ Procurement and Transplantation
Network database, in 2014, there were 530 liver
transplants in children under the age of 18.28 In
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Fig. 5. Acute tubular necrosis day 1 after renal transplant. (A) Nuclear medicine renogram with 99m Tc mertiatide
shows prompt and homogenous uptake of radiotracer in the right lower quadrant renal transplant, and continued
accumulation of tracer without excretion in the collecting system and urinary bladder. (B) Time activity curve redemonstrates these findings with delayed time to peak (TMax) uptake (24.6 minutes). The renal Doppler ultrasound examination showed mildly increased resistive indices of 0.8, otherwise unremarkable.

Fig. 6. Acute rejection. (A) Grayscale longitudinal sonogram of the
renal graft demonstrates diffusely
increased echogenicity of the renal
graft with loss of corticomedullary
differentiation. (B) Focal areas of
absent perfusion in the upper and
lower pole are consistent with focal
infarcts.
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Fig. 7. Arteriovenous fistula after renal biopsy. (A) Transverse color Doppler image of the renal transplant shows a
focal area of turbulent flow and aliasing in the interpolar region. (B) There is increased peak velocity of 300 cm/s
in the feeding artery (a midsegmental renal artery branch) with increased diastolic flow. (C) The draining vein
demonstrates an arterialized waveform. (D) Increased RI in the lower pole (RI 5 1) consistent with hypoperfusion
due to steal phenomenon. Patient underwent successful coil embolization of the AV fistula.

the pediatric population, biliary atresia is the most
common underlying cause of end-stage liver disease requiring transplantation. However, a variety
of other diseases may be addressed with pediatric
liver transplantation, including primary liver malignancies, such as hepatoblastoma, and various
metabolic disorders.

Normal Anatomy and Imaging Technique
In children, liver transplantation often makes use
of a reduced-sized or segmental transplant, which
may consist of a lateral segment, left lobe, right
lobe, or extended right lobe,29 so that the graft
is size appropriate for the child. The liver’s
segmental anatomy and ability to regenerate
make this approach feasible. Although there is
variability in technique among transplant centers,
the vascular anastomoses typically consist of a
hepatic artery end-to-end anastomosis, a portal
vein end-to-end anastomosis, and a “piggy-

back” side-to-side or end-to-side cavo-caval
anastomosis (Fig. 8). The biliary anastomosis typically consists of a choledochojejunostomy,
particularly in the setting of biliary atresia, or a
choledochocholedochostomy.
Sonographic gray-scale, color Doppler, and
spectral Doppler evaluation are the mainstay of
radiographic assessment of the liver transplant
(Box 3). Transverse and longitudinal gray-scale imaging should be performed of the entire liver to
assess for focal or diffuse parenchymal abnormalities as well as to evaluate the biliary tree.30 When a
segmental graft is used, some mild heterogeneity
may be visible on sonographic gray-scale imaging
along the cut edge in the immediate postoperative
period, and mild periportal edema may be evident
(Fig. 9). Often, small, transient perioperative fluid
collections can also be visualized. Hepatic inflow
and outflow should be evaluated with color and
spectral Doppler, specifically examining the main,
right, and left hepatic arteries, the main and
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to 0.95,31 thought to be related to older donor age
and prolonged ischemic time.32,33 In addition, a
tardus parvus waveform may be seen within the
hepatic arteries due to edema at the anastomosis
up to 72 hours after transplantation.34
CT and MR imaging are typically reserved for
problem-solving. CTA or MRA may be useful
when a suspected thrombosis of the hepatic artery
or portal vein cannot be visualized by Doppler
sonogram due to technical factors such as bowel
gas. MR cholangiopancreatography (MRCP) is
more sensitive than ultrasound in evaluating the
biliary tree.35

Imaging Findings/Pathology
Fig. 8. Piggy-back anastomosis. Sagittal MIP contrastenhanced CT image shows typical appearance of a
piggy-back IVC anastomosis (arrow) with blind-ending
donor IVC distally (arrowhead).

intrahepatic portal veins (Fig. 10), the hepatic
veins, and IVC, including the respective anastomoses,30 with attention to the peak systolic velocity
and waveform morphology. The resistive index
(RI), calculated as (peak systolic velocity - end diastolic velocity)/peak systolic velocity of the main,
right, and left hepatic arteries should also be
measured. The hepatic artery RI is often transiently
elevated in the immediate postoperative period, up
Box 3
Imaging techniques
Doppler ultrasound
 Gray-scale imaging
transplant

of

the

entire

liver

 Color and spectral Doppler evaluation of
liver inflow and outflow: Hepatic arteries,
portal veins, hepatic veins, IVC including all
anastomoses
CT
 Axial, coronal, and sagittal reformatted images obtained after the administration of
oral and intravenous contrast
 CTA if indicated with multiplanar thin-cut and
maximum-intensity-projection (MIP) images as
well as 3-dimensional (3D) volume-rendered
images of vascular structures
MR
 Multiplanar T1- and T2-weighted images
 MRA if indicated with 2-dimensional or 3D
time-of-flight images

Hepatic artery thrombosis and stenosis
Early hepatic arterial thrombosis (Fig. 11), occurring within the first month after transplantation, is
a serious complication that can result in graft
loss and death. The reported risk of hepatic arterial
thrombosis is higher in pediatric liver transplantation than in adults, ranging in incidence between
4.9% and 8.3%.36–38 Late hepatic arterial thrombosis, occurring after the first month after transplant, occurs in up to 44% of pediatric
patients.39 Factors that are associated with an
increased risk of early hepatic arterial thrombosis
include cytomegalovirus mismatch (seropositive
donor liver in seronegative recipient), retransplantation, prolonged operation time, low recipient
weight, variant arterial anatomy, low-volume
transplantation centers, arterial conduits, and prolonged ischemic time.36,40 Sanchez and colleagues41 found an increased risk of hepatic
artery thrombosis in pediatric patients transplanted for malignancy. Late hepatic arterial
thrombosis was associated with a higher donor/
recipient weight ratio.39
Gu and colleagues42 found that intraoperative
Doppler sonogram could predict hepatic
artery thrombosis using parameters of a hepatic
artery diameter less than 2 mm, hepatic artery
peak systolic velocity of less than 40 cm/s, and
a hepatic artery RI of less than 0.60. In the postoperative period, hepatic artery thrombosis
should be suspected when common hepatic
artery flow is absent or slower than 50 cm/s
(Table 1), or when the RI is less than 0.50.31 A
filling defect within the common hepatic artery
on CTA or MRA is diagnostic. Regarding hepatic
artery stenosis (Fig. 12), a focal 3- to 4-fold increase in peak systolic velocity within the
common hepatic artery is diagnostic of a hemodynamically significant stenosis.34 The most
common location of hepatic artery stenosis is
at the anastomosis.
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Fig. 9. Normal postoperative edema.
Transverse gray-scale image demonstrates increased echogenicity of the
portal triads (left, arrowhead). The
hepatic artery (right, arrow) and
adjacent portal vein show appropriate color flow on color Doppler
imaging.

Portal vein thrombosis and stenosis
Portal vein complications can result in graft
dysfunction or loss. There is a reported incidence
of portal vein thrombosis of 1% to 5.5% and
of portal vein stenosis of 2.7% to 5.6%.31,43–45
On gray-scale imaging, portal vein thrombosis
(Fig. 13) appears as a filling defect within the portal vein with absent color, spectral, or power
Doppler flow. On CTA and MRA, a filling defect
can similarly be seen within the portal vein. With
respect to portal vein stenosis (Fig. 14), a portal
vein caliber of less than 3 to 3.5 mm should suggest the diagnosis.43,46 Additional findings that
suggest portal vein stenosis include a stenotic ratio (prestenotic diameter stenotic diameter/prestenotic diameter) of greater than 50% and a

Fig. 10. Normal portal vein anastomotic edema. Spectral waveform analysis of the portal vein anastomosis
shows expected mild turbulence and increased velocity
at the anastomosis secondary to postoperative edema.

velocity ratio (peak velocity at stenosis/velocity
at the prestenotic site) of greater than 3:1.43
Splenomegaly, thrombocytopenia, and ascites
may also be present in the setting of portal vein
stenosis.43,47,48 Graft rotation of left-sided grafts
has been identified as a contributing factor to portal vein complications in pediatric living donor liver
transplants.49
Hepatic vein outflow obstruction
Hepatic vein outflow obstruction (Fig. 15) is
another potential vascular complication after liver
transplantation that can cause graft dysfunction
or loss. The incidence of hepatic vein stenosis is
higher in children than adults, at 2.3% to
8.6%50–52 and 1.8%,53 respectively. The highest
rates of hepatic vein stenosis in children are in
the setting of living donor liver transplantation, in
which the hepatic veins are individually anastomosed to the IVC.54 With hepatic vein thrombosis,
a filling defect and absent color, spectral, or power
Doppler flow is seen within the hepatic veins,
which can be confirmed by conventional venogram. Diagnostic criterion for hepatic vein stenosis
is a hepatic vein velocity ratio (velocity at the anastomosis/velocity at the main trunk 1–2 cm proximal
to the anastomosis) of greater than 4.1 to yield a
sensitivity of 83% and specificity of 76%.55
Although a monophasic waveform may be seen
in the absence of hepatic vein stenosis, the identification of a triphasic waveform excludes the
diagnosis.54,55 On conventional venography, a
pressure gradient of greater than 10 mm Hg
between the hepatic vein and IVC suggests a substantial stenosis.54
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Fig. 11. Hepatic artery thrombosis.
(A) Doppler sonogram shows no color Doppler flow in the expected
location of the common hepatic artery (arrow). (B) Axial MIP image
from a CT angiogram shows a corresponding filling defect in the
expected location of the common
hepatic artery (arrow). (C) Axial
contrast-enhanced CT image shows
biliary ductal dilatation (arrow)
and a geographic region of low
density (arrowhead), suggesting
infarct. (D) Subsequent MRCP shows
biliary ductal dilatation (arrows)
with biliary drain in place (arrowhead). AO, aorta; CA, celiac axis.

Biliary complications
The more common biliary complications following
liver transplantation include bile leaks (Fig. 16),
strictures, and sludge or stone formation. The reported incidence of biliary complications in children
following liver transplantation is 14% to 15%,56,57
and as high as 38% in pediatric living related liver
transplant recipients.58 On cross-sectional imaging, bile leaks may appear as a nonspecific fluid
collection. The diagnosis of a bile leak can be
more definitively made by nuclear medicine biliary
imaging, which shows progressive accumulation
of activity external to bowel. With biliary strictures,
biliary ductal dilatation may be seen proximal to the
site of obstruction, although ultrasound and CT are
relatively insensitive.35,57,59,60 In contrast, MRCP

(see Fig. 11D) has been shown to be sensitive to
subtle focal and diffuse changes in biliary caliber.35
On MRCP, intrahepatic ducts may be considered
dilated at a caliber of greater than 4 mm.35 Various
patterns of abnormalities have been described at
MRCP, including global dilatation with or without
stricture, focal intrahepatic dilatation with or
without bile lakes, and beading of ducts with or
without bile lakes.35
Rare biliary complications include dysfunction
of the sphincter of Oddi and cystic duct remnant
mucocele. On imaging, dysfunction of the
sphincter of Oddi manifests as dilatation of both
the donor and the native bile duct, without evidence of stenosis.61 Cystic duct remnant mucocele presents on imaging as a cystic mass,

Table 1
Diagnostic criteria for pediatric liver transplantation vascular complications
Complication

Modality

Hepatic artery
thrombosis
Hepatic artery
stenosis
Portal vein
thrombosis

Doppler ultrasound Absent or slow flow <50 cm/s; RI <0.50
CTA or MRA
Filling defect within the common hepatic artery
Doppler ultrasound 3 to 4-fold increase in peak systolic velocity within the common
hepatic artery
Doppler ultrasound Filling defect within the portal vein with absent color, spectral, or
power Doppler flow
CTA or MRA
Filling defect within the portal vein
Ultrasound or CT
Portal vein caliber <3–3.5 mm

Portal vein
stenosis
Hepatic vein
stenosis

Criteria

Doppler ultrasound Velocity at anastomosis/velocity at main trunk 1–2 cm proximal to
anastomosis >4.1
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Fig. 12. Hepatic artery stenosis. (A) Doppler sonogram shows color aliasing (left, arrowhead) corresponding to a curved segment of the hepatic
artery (right, arrowhead). (B) Spectral waveform
analysis of the area of color aliasing shows
elevated peak systolic velocity of 551 cm/s. (C)
Spectral waveform analysis more distally in the
hepatic artery shows a tardus parvus waveform,
characteristic of a proximal stenosis.

Fig. 13. Portal vein thrombosis.
Transverse gray-scale sonogram of
the left lobe transplant shows echogenic material within the extrahepatic portion of the portal vein
(left, arrow). Corresponding transverse color Doppler image (right)
confirms corresponding lack of
color Doppler flow, consistent with
thrombosis.

Pediatric Abdominal Organ Transplantation

Fig. 14. Portal vein stenosis. Transverse gray-scale sonogram shows pronounced narrowing of the portal vein at
the anastomosis (left, arrow) with estimated caliber of 0.6 mm. Spectral waveform analysis of this location (right)
shows turbulent flow with velocity of 276 cm/s.

Fig. 15. IVC stenosis. Longitudinal gray-scale image of the IVC piggy-back anastomosis suggests narrowing (left,
arrow). Doppler interrogation of the anastomosis (right) shows turbulent flow with peak velocity of 245 cm/s,
confirming stenosis.

Fig. 16. Bile leak. Sagittal contrastenhanced CT image shows a rimenhancing fluid collection posterior
to the liver transplant (left, arrow).
A small right pleural effusion (left,
asterisk) and adjacent atelectatic
lung are also noted. Nuclear medicine hepatobiliary iminodiacetic
acid scan (HIDA) study shows focal
accumulation of activity posterior
to the liver (right, arrow) on a static
lateral image obtained at 90 minutes, confirming bile leak corresponding to the fluid collection
seen on CT.
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representing a dilated donor remnant cystic duct,
compressing and obstructing the biliary system
at the porta hepatis.62
Postoperative fluid collections
Hematomas (Fig. 17) are common in the 2 weeks
following liver transplantation and often resolve
spontaneously.63 On gray-scale imaging, hematomas are usually hyperechoic fluid collections,
often occurring in the perihepatic region and lesser
sac63 and are hyperdense on CT.64 Bilomas often
appear as simple fluid collections on sonography.64
Abscesses may contain internal echoes or septations on sonography, although they may also
appear as simple-appearing fluid collections.65

Pearls, Pitfalls, Variants
 Intrahepatic arterial flow may be seen in the
setting of hepatic artery thrombosis due to
collateral vessels, with an abnormal, tardus
parvus waveform.
 The finding of a biliary stricture should raise
concern for hepatic artery stenosis or
thrombosis.
 Ultrasound and CT are relatively insensitive in
the evaluation of biliary stricture.
 Splenomegaly, thrombocytopenia, and ascites should raise the possibility of portal vein
thrombosis.
 Monophasic waveform of the hepatic veins
can be seen in the absence of stenosis. Documentation of triphasic waveforms within the
hepatic veins excludes stenosis.

What the Referring Physician Needs to Know
 Are there any focal or diffuse gray-scale abnormalities
of
the
liver
transplant
parenchyma?
 Is there biliary ductal dilatation to suggest
biliary complication?
 Are there any focal fluid collections to suggest
hematoma, bile leak, or abscess?
 Are there any abnormalities of liver inflow or
outflow to suggest vascular complication?

MULTIVICERAL TRANSPLANTATION
Introduction
In the pediatric population, intestinal and multivisceral transplantation are potential treatments
for several surgical and nonsurgical conditions
that compromise intestinal function. Unlike adult
patients, who commonly receive these complex
transplants for portomesenteric thrombosis,
Crohn disease, or familial polyposis syndromes
with desmoid tumors, the children treated by intestinal or multivisceral transplantation most
commonly have underlying medical problems,
including gastroschisis (25%), midgut volvulus
(24%), or pseudo-obstruction (10%).66 The choice
of graft type is based on the specific nature of the
patient’s intestinal failure. Isolated intestinal transplant (IIT) can be performed in pediatric patients
without associated liver disease, whereas combined liver-pancreas-small bowel transplants
(Liv-SB) are commonly used for pediatric patients
with intestinal failure–associated liver disease.67
Multivisceral transplants (MVT), which include the
stomach, liver, pancreatoduodenal complex, and
small bowel, may be performed for pediatric patients with extensive congenital anomalies or a history of pseudo-obstruction.67

Normal Anatomy and Imaging Techniques
Although surgical technique varies among centers,
IIT typically involves an arterial end-to-side anastomosis with the native aorta and a venous,
end-to-end anastomosis with the native SMV. A
proximal intestinal anastomosis is established
with the native bowel, and an end ileostomy is usually created, as is the case in the later described
Liv-SB and MVT, to facilitate surveillance of the
transplant in the postoperative period. With LivSB, the transplant comprises the liver, pancreas,
and small bowel harvested en bloc with an aortic
segment, including the donor celiac axis and superior mesenteric artery, so that an aortic conduit
may be fashioned, allowing for a single arterial
anastomosis. A portocaval anastomosis is necessary to maintain venous drainage of the native
Fig. 17. Hematoma. Transverse grayscale sonogram shows a fluid collection containing internal echoes
posterolateral to the liver transplant
(left, arrow). Subsequent axial
contrast-enhanced CT image shows
a corresponding mildly hyperdense
fluid collection without rim enhancement (right, asterisk).
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and thrombocytosis. However, when the donor
spleen is included, higher rates of graft-versushost disease (GVHD) are observed.68,69 One group
has proposed preservation of the native spleen to
avoid the asplenic state and the higher rates of
GVHD associated with a donor spleen.70

Preoperative Assessment

Fig. 18. Axial T1-weighted postcontrast MR image of
a 22-month-old girl with multifocal hepatoblastoma
demonstrates extensive tumor thrombus occluding
the portal venous system (arrow). Because of the
extent of tumor invasion, she received a MVT.

bowel. A piggy-back or end-to-end IVC anastomosis is created. An MVT includes the stomach
(foregut), intestine, and sometimes portions of
the hindgut; if necessary, the liver or potentially
other organs may be included in the transplant.
An end-to-end gastric anastomosis is performed.
The arterial and venous anastomoses are similar
to those of the IIT or Liv-SB, depending on whether
the liver is included in the transplant specimen. Of
note, a biliary anastomosis is not required with LivSb or MVT, because the pancreas is included in
the transplant, leaving the donor biliary system
intact. One area of controversy is whether to
perform a splenectomy with Liv-SB and MVT,
and whether to include the spleen with the transplant specimen. In the setting of splenectomy,
the patient is susceptible to encapsulated bacteria

Preoperative imaging in pediatric patients
receiving MVT is varied, but is usually tailored to
the underlying clinical conditions necessitating
the transplant. Pretransplant imaging may also
play a role in determining a patient’s suitability
for a certain type of graft (Fig. 18). Fluoroscopic
evaluation is typically performed of the native
bowel to delineate anatomy. Cross-sectional imaging is valuable for assessing the native vasculature to confirm feasibility of transplantation.

Postoperative Assessment
As postoperative anatomy can be confusing and
challenging, with multiple different types of arterial
anastomoses and conduits reported in the literature,
the authors recommend close consultation with the
surgical team to document the precise anatomy in
the patient to be imaged.71 Early postoperative imaging will serve to define the patient’s anatomy
and provide a guide for future studies (Fig. 19).
In the immediate postoperative period, ultrasound is essential for documenting the patency
of the graft vasculature and the surgical anastomoses. Ultrasound is also useful in rapidly assessing pediatric patients with additional postoperative
concerns, including intra-abdominal bleeding, abscess, or vascular thrombosis. However, in many
cases, CT may be necessary for full evaluation of
these complex conditions.72 Because of the lack

Fig. 19. (A) Longitudinal ultrasound imaging after MVT for hepatoblastoma demonstrates a patent IVC anastomosis (arrow). (B) Postoperative Doppler imaging of the arterial anastomoses demonstrates a patent superior
mesenteric artery (SMA) and celiac axis (CELIAC) with connection to a vascular graft (labels on figure). Because
of the complex nature of this anatomy, the anastomosis between the aorta and the graft cannot be imaged in
the same plane. ASC GRAFT, ascending portion of the vascular graft; PROX/DESC GRAFT, proximal and descending
portion of the vascular graft; PROX/DESC GRAFT OUT OF PLANE, the region of the proximal and descending vascular
graft that was not well visualized due to location out of plane; AO, aorta. (C) Postoperative Doppler imaging of the
arterial anastomoses (longer arrow) demonstrated a patent connection between the arterial graft (GRAFT) and the
patient’s aorta (shorter arrow).
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of ionizing radiation, MR imaging is currently the
preferred cross-sectional imaging modality for
most nonurgent imaging questions, including
assessment for postoperative fungal infections or
neoplasm. Mild distention of the transplanted
bowel is commonly seen in the first 2 months after
transplantation, in combination with mild bowel
wall thickening of 3 to 5 mm.73

Imaging Findings/Pathology
In the acute setting, clinical concerns center on the
status of the transplanted bowel, which may undergo ischemia and reperfusion injury, leading to
edema and third spacing of fluid.67 Acute rejection
of the graft is also an important early complication
and may require aggressive immunosuppression.
Concerns for GVHD and rejection also continue
through the subacute period. Typically, these are
both evaluated through endoscopy and biopsy
(Table 2), with imaging playing an ancillary role.67
Postoperative fluid collections commonly occur
after intestinal transplantation and may be evaluated similar to those occurring after liver transplantation, described above.

Infection
Despite prophylaxis with broad-spectrum antibiotics,67 infection is a nearly universal complication,
with 97% of patients in one series developing an
infection following transplant.74 In this series,
50% of infections occurred in the first 3 months,
whereas 25% occurred between 3 and 12 months,
and 25% occurred after 1 year.74 Because infection is a significant cause of morbidity in these patients, aggressive management is paramount.
Imaging for this indication follows standard imaging protocols for imaging intrathoracic or intraabdominal bacterial or fungal infections (Fig. 20).

Vascular Complications
Vascular complications such as thrombosis are a
substantial cause of mortality and graft loss in the
intestinal transplant population, occurring in
approximately 20%,75 most commonly in the immediate postoperative period. Late thrombosis
is less common, but may be seen in the setting
of infection or chronic rejection.44 Characteristic
findings on Doppler evaluation are the absence
of both color Doppler flow and arterial spectral
waveform within the thrombosed arterial
segment. CTA may be performed for confirmation, which shows a filling defect in the thrombosed vessel. Arterial or venous stenosis is also
a possible complication, with similar diagnostic
criteria to those described above for renal and
liver transplantation (Fig. 21).

Intestinal Complications
The main intestinal complications following intestinal transplant include intestinal perforation,
bowel obstruction, and abdominal compartment
syndrome.76 Intestinal perforation has been
described at the donor duodenal stump as well
as less commonly at the recipient duodenum.76
Spontaneous bowel perforation as well as wound
dehiscence related to an anastomotic site leak
has also been reported.76 CT is considered
more sensitive than conventional contrast studies
when a leak is strongly suspected.72 Mechanical
dysfunction of the graft can be evaluated by
water-soluble gastrointestinal studies, with abnormalities ranging from dysmotility, which is
common in the immediate postoperative period,
to bowel obstruction (Fig. 22).77 Acute compartment syndrome occurs primarily with primary
closure and can be avoided with staged
closure.76

Table 2
Diagnostic criteria for pediatric intestinal transplantation complications
Complication

Modality

Criteria

Rejection
GVHD
Vascular
complications
Intestinal
complications

Endoscopy, biopsy
Endoscopy, biopsy
Doppler ultrasound
CTA or MRA
Water-soluble
gastrointestinal series or CT

PTLD

Ultrasound, CT, or MR

Imaging plays an ancillary role
Imaging plays an ancillary role
Similar diagnostic criteria to liver transplantation
(see Table 1)
Prolonged transit time suggests dysmotility
Identification of a transition zone suggests partial or
complete bowel obstruction
Extraluminal contrast suggests leak
Mass arising from the neck, chest, abdomen or pelvis;
lymphadenopathy; pulmonary nodules
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Posttransplant Neoplasms

Fig. 20. Splenic ultrasound shows multiple hypodense
splenic lesions (arrows), compatible with fungal disease.
Use of a high-frequency linear transducer provides
adequate resolution to visualize these small lesions.

Posttransplant neoplasms pose a substantial
concern in the long-term management of pediatric
patients receiving MVT. Most of these neoplasms
are associated with the Epstein-Barr virus (EBV)
and include both posttransplant lymphoproliferative disorder (PTLD) and EBV-associated smooth
muscle tumors.78 PTLD may present as a mass
or lymphadenopathy of the neck, chest, abdomen,
or pelvis. EBV-associated smooth muscle tumors
demonstrate a characteristic peripheral rim
enhancement.78 Although there are no existing
follow-up guidelines to direct clinicians in assessing for these neoplasms, imaging may play a role in
determining the extent of disease and monitoring a
patient’s response to therapy (Fig. 23). In particular, fluorodeoxyglucose-PET/CT or MR imaging
may provide important information on sites of disease and response to treatment, and it is anticipated that its indications in this clinical setting
will expand in the future.79

Fig. 21. Hepatic artery stenosis. (A)
Aliasing in the celiac arm of the aortic
conduit. (B) Interrogation of the hepatic artery shows tardus parvus
waveform distal to the stenosis.
(Adapted from Phillips GS, Bhargava
P, Stanescu L, et al. Pediatric intestinal
transplantation: normal radiographic
appearance
and
complications.
Pediatr Radiol 2011;41(8):1038; with
permission.)

Fig. 22. Partial small bowel obstruction. (A) Upper gastrointestinal series
shows a transition zone between
dilated proximal and normal-caliber
distal small bowel loops, suggesting
partial small bowel obstruction.
(B) Correlative coronal contrastenhanced CT image shows markedly
dilated proximal small bowel loops
with a transition zone (arrow) in the
right lower abdomen. Pathologic
diagnosis of the enterectomy specimen was consistent with sclerosing
peritonitis, a rare late complication
of small bowel transplantation.
(Adapted from Phillips GS, Bhargava
P, Stanescu L, et al. Pediatric intestinal
transplantation: normal radiographic
appearance and complications. Pediatr Radiol 2011;41(8):1037; with
permission.)
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Fig. 23. Coronal chest CT image demonstrates multiple pulmonary parenchymal masses (arrows) suspicious for PTLD. These responded to a reduction of
immunosuppression.

Pearls, Pitfalls, Variants
 As postoperative anatomy can be confusing
and challenging, with multiple different types
of arterial anastomoses and conduits reported
in the literature, the authors recommend close
consultation with the surgical team to document the precise anatomy in the patient to
be imaged.
 GVHD and rejection are frequent complications that are both evaluated through endoscopy and biopsy, with imaging playing an
ancillary role.
 Infection is a nearly universal complication.
 Color Doppler ultrasound findings suggesting
thrombosis need spectral waveform confirmation to exclude slow flow.

What the Referring Physician Needs to Know
 What are the size, location, and imaging characteristics of any postoperative fluid
collections?
 Are the arterial and venous anastomoses
patent?
 Is there any evidence of dysmotility, bowel
obstruction, or leak?
 Are there any unexpected masses or lymphadenopathy to suggest PTLD?
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