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With advances in surgical 
techniques and greater un-
derstanding of immuno-

suppressive management, abdominal 
transplants are becoming a more wide-
spread definitive treatment for otherwise 
end-stage diseases. The most common 
abdominal transplants include hepatic, 
renal, pancreatic, and islet-cell trans-
plants. Implementing ultrasound as a di-
agnostic tool in the immediate post- and 
perioperative periods provides an accu-
rate assessment of allograft viability that 
obviates the need for additional exams, 
which could subject the patient to unnec-
essary radiation and contrast exposure or 
the risks of invasive procedures.

Liver transplants
Approximately 6,000 hepatic trans-

plants are performed annually in the 
United States (U.S.) and, as of Decem-
ber 2011, > 16,000 patients were await-
ing transplantation.1 Postoperative 
ultrasound evaluation can accurately and 
effectively detect complications that will 
affect long-term morbidity and mortal-
ity. With increasing demand for liver 
transplants and for reduction of wait-list 
mortality rates, the available donor pool 
has been expanded by the advent of the 
split-liver transplant technique from ca-
daveric donors and lobar (right or left) 

grafts from living related donors in ad-
dition to whole liver transplants. It is im-
perative to recognize and understand the 
anatomy, variant anatomy, and function-
ality of these special cases. 

Split-liver transplants increase the 
recipient pool by dividing a donor liver 
between an adult and pediatric recipi-
ent. Adults most often receive the right 
lobe segments 5-8 (Figure 1). In larger 
patients, the medial segment of the left 
hepatic lobe may be included along 
with the right lobe (segments 4-8). Pedi-
atric recipients can then be transplanted 
with the remaining left hepatic lobe 
(segments 2-3 or 1-4).2 Split-liver trans-
plants may employ vascular conduits 
and reconstruction, which increases the 
risk of postoperative complications.2 It 
is advisable to consult with the surgi-
cal team to better understand potentially 
complicated reconstruction anatomy. 

Sonographic evaluation of the he-
patic allograft should begin with gray-
scale imaging of the type of transplant, 
transplant size, echotexture, and loca-
tion within the abdomen. Special atten-
tion should be paid to the biliary tree. 
Routine Doppler interrogation of the 
hepatic vessels should include, when 
present, the main, right and left hepatic 
arteries and portal veins, as well as the 
middle, right, and left hepatic veins. 
Perihepatic collections are common in 
the immediate postoperative state, but 
should decrease over time and exhibit 
no mass effect to the hepatic paren-
chyma and vessels.

Hepatic artery
Understanding the anatomy or vari-

ant anatomy of the various types of 
hepatic transplants will help focus ex-
amination of the anastomotic channels 
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as well as reveal the complications as-
sociated with each and prevent errone-
ous diagnoses. Approximately 50% of 
transplant recipients will endure a post-
operative complication, 10% of those 
being vascular complications.3,4 With 
its accuracy in detecting hepatic artery 
complications in nearly 92% of cases,5 
ultrasound  becomes an essential and 
imperative diagnostic exam. Most often, 
the donor hepatic artery is anastomosed 
in an end-to-end fashion to the recipi-
ent hepatic artery or between the donor 
celiac axis and bifurcation points (right 
and left hepatic or GDA and PHA) of the 
recipient.2,6,7 A Carrel patch, an aortic 
patch containing the donor’s aorta, in-
cluding the origin of the celiac axis, may 
also be used as an anastomotic channel.8 

Oftentimes, a “fish mouth” anastomo-
sis must be performed to overcome size 
discrepancy between a small-caliber 
donor artery and a larger-caliber recipi-
ent artery.7,8 Alternatively, an interposi-
tion graft, often using the donor’s iliac 
artery, may connect the donor hepatic 
artery to the recipient supraceliac or in-
frarenal aorta or other tributary.2,6,7 The 
discrepancy in size may increase the 
risk of hepatic artery complications, in-
cluding stenosis and thrombosis, in the 
postoperative period, or it may mimic a 
pseudostenotic appearance.2 It is not un-
common to have the donor celiac artery 
anastomosed to the recipient hepatic ar-
tery at the bifurcation.

Normal hepatic artery waveforms 
include the presence of a brisk systolic 

upstroke with presence of diastolic 
flow, a resistive index range of 0.5 to 
0.7.2,6 (Figure 2). The acceleration time 
of the peak systolic velocity should be 
< 80 milliseconds.2,6 It is common to 
demonstrate decreased diastolic flow 
and high resistive indices in the imme-
diate postoperative period attributed to 
edema or vasospasm.2,6,9 These high-
resistive indices are not only detected in 
the main hepatic artery, but parenchy-
mal branches as well, and are apparent 
within 72 hours of the postoperative pe-
riod and should be transient, resolving 
by 2 weeks.6,9

The most common site of significant 
hepatic artery stenosis is at the donor-
recipient anastomotic site, occurring in 
up to 11% of cases.3,4,8 It often is difficult 

FIGURE 1. Schematic representation of (A) right lobe segmental 
liver transplantation and (B) “piggy-back” venous anastomosis.

FIGURE 2. Examples of normal hepatic arterial waveforms with sharp systolic upstroke and continuous diastolic flow in the (A) main and (B) 
right hepatic arteries.
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to visualize, due either to the small cali-
ber of the vessels or  to overlying bowel 
gas. If seen, a focal area of color Dop-
pler aliasing may direct the diagnosti-
cian to the site of a subtle or obscured 
stenosis. Targeted Doppler evalua-
tion of a hemodynamically significant  
stenosis would demonstrate an angle 
corrected peak systolic velocity > 2 m/s 
or a twofold velocity increase when  
compared to the prestenotic seg-
ment.2,3,8 Waveform findings dis-
tal to the site of stenosis may reveal 
a “tardus-parvus” waveform, with  
a prolonged PSV acceleration time  

> 80 milliseconds, or diminished resis-
tive indices < 0.5 (Figure 3).2,3,8

The most common postoperative 
arterial complication is hepatic artery 
thrombosis, often detected within the 
first 3 months, and occurs at an even 
higher rate if arterial reconstruction or 
grafts are employed.2 The rate of he-
patic artery thrombosis is as high as 
5% to 12% with one-year reconstruc-
tion or graft viability at approximately 
73%.2,7,8 The rate is even higher in the 
pediatric population, with prevalence 
as high as 42%.4 Hepatic artery throm-
bosis is associated with significant 

morbidity and mortality, with mortality 
rates as high as 58%, and is the second-
leading cause of graft failure in the 
immediate postoperative period.6,7,10  
Delayed-hepatic arterial thrombosis 
can occur many years after transplant, 
accounting for the majority of vascular 
complications, and is associated with 
chronic rejection, pediatric transplants, 
and sepsis.2  The lack of arterial flow 
within the porta hepatitis or within the 
liver parenchyma is the most striking 
finding.3 Low-resistance arterial wave-
forms may be detected within the liver 
despite the presence of a main-hepatic 

FIGURE 3. Color aliasing at the (A) hepatic arterial anastomosis with (B) elevated velocities suggest anastamotic stenosis. Resultant down-
stream tardus-parvus waveforms in the (C) left hepatic artery. 

FIGURE 4. Normal triphasic waveforms of the (A) hepatic veins with retrograde flow during atrial contraction (represented in image by the  
letter “A”), and hepatic efflux during ventricular systole (S) and diastole (D) in comparison to hepatic venous stenosis with (B) color aliasing at 
the hepatic vein with (C) flattening of the normal triphasic waveforms.
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FIGURE 5. Intrahepatic dilatation of the (A) right and (B) left central bile ducts. Since the bili-
ary system is supplied by the hepatic artery, further investigation of the arterial anastomosis is 
warranted to exclude biliary ischemia from arterial compromise.

FIGURE 6. Complex fluid collection repre-
senting a peritransplant hematoma.
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artery thrombosis due to small collat-
eral vascular tributaries.3, 7

Hepatic-artery pseudoaneurysms are 
a less common vascular complication. 
They are classified as either intrahepatic 
or extrahepatic.3 Intrahepatic pseudoa-
neurysms usually arise as sequelae of 
infection or postbiopsy complication in 
a patient with suspected rejection.7 Ex-
trahepatic pseudoaneurysms typically 
develop at the site of the hepatic-artery 
anastomosis either from surgical or my-
cotic etiology.2,7,8 Grayscale imaging 
will demonstrate an anechoic cystic-ap-
pearing structure with the typical color 
and Doppler findings of the “yin-yang” 

color swirl and the “to-and-fro” spec-
tral velocity pattern seen in pseudoan-
eurysms of any cause.2,3 If the recipient 
hepatic artery or celiac artery is stenosed, 
an aorto-hepatic jump graft (usually the 
donor iliac artery) may be required.2

Portal vein
The portal vein anastomosis is usu-

ally performed via an end-to-end anas-
tomosis between donor and recipient.6-8 
Similar to hepatic artery stenosis, portal 
vein stenosis occurs at the anastomotic 
site and can be identified by a focal area 
of luminal narrowing (< 2.5 mm) on 
grayscale or by focal-color aliasing on 

color imaging.2 Doppler interrogation 
of a hemodynamically significant ste-
nosis will reveal a peak systolic velocity  
> 150 cm/s at the anastomosis, or a 3- to 
4-fold peak systolic velocity increase 
when compared to the prestenotic seg-
ment.2,3,8 Portal-vein thrombosis can also 
often occur at the site of anastomosis and 
can be seen as an echogenic or isoechoic 
(acute) intraluminal-filling defect on 
grayscale with absent or partial flow on 
color Doppler imaging.3 With chronic 
thrombosis, revascularization or cavern-
ous transformation may be seen in the 
adjacent porta hepatis. Additional sec-
ondary signs of portal vein thrombosis 
include ascites, edema, splenomegaly, 
and collateralization of shunts.7,8  If the 
portal vein is completely thrombosed, 
an SMV or splenic vein jump graft using 
the donor iliac vein, superior mesenteric 
vein, or splenic vein may be used as  
a bypass.2,6,7

Hepatic vein
The IVC has traditionally been anas-

tomosed in an end-to-end fashion, but 
with increasing frequency an end-to side 
or side-to-side anastomosis known as 
the “piggyback” technique is performed. 
This technique connects by anastomosis 
the donor supra-hepatic IVC to the re-
cipient hepatic venous confluence while 
the donor infra-hepatic IVC, if present, 
is tied off (Figure 1).2,6-8  This method 
obviates the need for veno-venous by-
pass and caval reconstruction. “Piggy-
back” reconstruction is often employed 
in split-liver transplants and is required 
for left lateral segment transplants (seg-
ments 2-3), since the donor IVC does not 
accompany the allograft.2 When evalu-
ating an end-to-end anastomosis, Dop-
pler evaluation of venous velocities and 
waveforms should include both supra- 
and infrahepatic anastomoses.2

IVC and hepatic venous waveforms 
should demonstrate the normal triphasic 
pattern reflecting the dynamics of blood 
flow during the cardiac cycle.6 The nor-
mal waveform demonstrates 2 hepatof-
ugal peaks reflecting right atrial filing 
during ventricular systole and diastole, 
followed by a hepatopetal peak from 

FIGURE 7. Heterogeneous discrete hepatic masses seen on (A) US and (B) CT after liver 
transplantation of biopsy proven PTLD. PTLD can also mimic infarction. 

FIGURE 8. Classic presentation of PTLD as (A) subtle, heterogeneous soft tissue, and out-
lined in B, in which PTLD encases and narrows the hilar vessels, shown on (C) ultrasound. (D) 
CT. Biopsy is required for definitive diagnosis.
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retrograde flow into the hepatic veins 
during atrial contraction. (Figure 4).11

IVC complications are rare, but in-
clude stenoses and thromboses at the 
anastomotic site, and occur more com-
monly in pediatric populations, re-
transplantation, and when end-to-end 
anastomoses rather than “piggyback” 
anastomoses were employed.2,8 Gray-
scale depiction of IVC stenosis, which 
more commonly occurs at the suprahe-
patic anastomosis, will demonstrate an 
area of focal narrowing and color alias-
ing.2,3 A hemodynamically significant 
stenosis will demonstrate a 3- to 4-fold 
increase in peak systolic velocity when 
compared to the prestenotic cava.2,8 
Downstream intrahepatic venous wave-
forms will lose phasicity and demon-
strate flattening of the normal triphasic 
waveform. (Figure 4).3,8 In severe cases, 
there may be flow reversal in the intra-
hepatic veins.3,8 Pseudostenosis is often 

caused by kinking at the vascular pedicle 
and can mimic a hemodynamically sig-
nificant stenosis; however, maneuvers 
such as scanning in expiration, or in the 
standing position may differentiate be-
tween the two.2 IVC thrombosis is un-
common, but when present, also occurs 
at the sites of anastomosis. Grayscale 
will demonstrate isoechoic to echogenic 
intraluminal clot with color images dem-
onstrating partial or absent venous flow.3 
Additional secondary signs indicating 
IVC occlusion include ascites, hepato-
megaly, edema, and pleural effusions.2,7 
Full liver transplants require evaluation 
at the site of anastomosis as well as indi-
vidual interrogation of the right, middle, 
and left hepatic veins. Normal hepatic 
venous waveforms demonstrate a tripha-
sic pattern reflecting the various phases 
of the cardiac cycle. Similar to the IVC, 
loss of normal phasicity should prompt a 
search for a suprahepatic IVC narrowing.

Bile duct
Approximately 15% to 25% of liver 

transplant recipients will experience a 
biliary complication, and usually within 
the first 3 months.3,7,8 While cholangi-
ography remains the gold standard for 
diagnosing biliary complications, so-
nography is a vital screening tool.

The gallbladder is removed during 
transplantation; however, it may be com-
mon to visualize a cystic duct remnant.3,8 
The biliary anastomosis is usually per-
formed in an end-to-end fashion connect-
ing the donor common bile duct to the 
recipient common hepatic duct, a choled-
ochocholedochostomy, in an attempt to 
preserve the functionality of the sphinc-
ter of Oddi, thus decreasing the risk of 
enteric reflux.6,7 In instances where the 
recipient’s common hepatic duct is dis-
eased, absent, or too short, a choledo-
chojejunostomy is performed.6-8  This is 
also the preferred biliary anastomosis in 

FIGURE 9. Schematic representation of renal transplantation. 
Anastomoses can be made with the recipient external or internal 
iliac artery.

FIGURE 10. Schematic representation of pediatric en block type renal 
transplantation with end-to-side type anastomosis between the donor aorta 
and the recipient external iliac artery. 

FIGURE 11. Normal renal transplant appearance with expected (A) mild pelviectasis. Normal brisk (B) upstroke of the intrarenal arteries with 
resistive indices < 0.7 and forward diastolic flow. Patent (C) main renal artery and vein with monophasic  venous waveform seen below the 
baseline. 
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pediatric patients, in which case resultant 
pneumobilia is often present.

Bile leaks are the most common 
biliary complications and often pres-
ent as peritransplant anechoic or hy-
poechoic fluid collections.8 Biliary 
strictures most often occur at the site 
of anastomosis.8 A common duct di-
ameter measuring  > 4 mm should raise 
high clinical concern for a downstream 
stricture, whether it be from ischemia, 
rejection, or infection.3  The biliary sys-
tem in a transplanted liver is dependent 
purely on the arterial system for vascu-
lar supply.7,8 Therefore, areas of bile-
duct strictures, dilatation (Figure 5), 
and leaks, especially remote from the 
anastomotic site, may indicate biliary 
ischemia and should prompt a careful 
survey of the hepatic artery, particularly 
at the anastomotic site.7,8 It is then im-
perative to focus the exam to uncover 
the underlying etiology resulting in the 
biliary abnormality.

Postoperative fluid collections
It is common to have several small 

peritransplant fluid collections or hema-
tomas (Figure 6), which are expected to 
gradually shrink and resolve within days 
to weeks.7,8 A transient small right pleu-
ral effusion is also a common finding.7 
Bilomas, lymphoceles, and abscesses are 
other considerations.

PTLD
Due to chronic immunosuppression 

of liver transplant recipients, posttrans-
plantation lymphoproliferative disor-
der (PTLD), which is often associated 

with infection from Epstein-Barr virus 
(EBV), and non-Hodgkin’s lymphoma 
are becoming more common.3,7 Au-
toimmune hepatitis and Langerhans 
cell histiocytosis have been suggested 
as posing an increased risk of PTLD. 
The anatomic distribution of PTLD is 
related to the type of allograft itself. A 
common spectrum of findings in the 
liver is focal intraparenchymal masses 
(Figure 7), ill-defined infiltrative pattern 
and heterogeneous porta hepatis masses 
(Figure 8).12 Differential diagnoses for 
intrahepatic masses in a posttransplant 
recipient includes abscess, infarction, 
postsurgical hematoma or contusion, bi-
loma, lymphoma, or carcinoma.

Renal
Grayscale evaluation of the renal 

allograft should begin with size and 
position of the transplant within the ab-
domen. Due to its superficial location 
within the abdomen, fine detail may be 
more apparent than retroperitoneal na-
tive kidneys, such that visualization of 
cortico-medullary differentiation may 
be a normal finding. 

The most common location for 
the renal allograft is extraperitoneal 
in the right iliac fossa; however, in-
traperitoneal (pediatric patients) and 
contralateral transplants may also be 
encountered. Cadaveric transplants are 
often harvested with a portion of the 
donor aorta, which is anastomosed in 
an end-to-side fashion to the recipient’s 
external iliac artery.13 Living related 
donor transplants are often anasto-
mosed in an end-to-side fashion, which 

ligates the donor main renal artery to the 
recipient external iliac artery or an end-
to-end fashion to the recipient internal 
iliac artery (Figure 9). The venous anas-
tomosis is usually an end-to-side con-
nection between the donor main renal 
vein recipient external iliac vein. The 
donor ureter is often times implanted 
into the dome of the recipient bladder, 
uerteroneocystostomy.13 Variations of 
these surgical techniques exist in which 
it becomes important to consult with the 
surgical team.

Paired pediatric cadaveric kidney 
transplants are termed pediatric en bloc 
(EBK) and are an alternative type of 
transplantation intended to increase the 
number of available donors. The donor 
aorta and inferior vena cava are anasto-
mosed end-to-side to the recipient iliac 
vessels or in-line with an end-to-end 
anastomosis between the recipient aorta 
and IVC and the divided ends of the re-
cipient external iliac artery and veins 
(Figure 10). Despite higher rates of 
graft thrombosis than standard adult ca-
daveric donors (5% versus 1.8%), graft 
survival rates are similar.14

A small amount of fluid within the 
renal pelvis can also be expected (Fig-
ure 11), allowing for incompetence at 
the ureterovesicular junction anasto-
mosis and increased urine production 
by the sole transplant kidney, ultimately 
producing the same volume of urine 
previously produced by two native 
kidneys.15 When imaging with a full 

FIGURE 12. Renal artery stenosis with (A) elevated anastomotic velocities up to 4.9 m/sec 
and (B) downstream intrarenal parvus tardus pattern. 

FIGURE 13. Renal artery pseudoaneurysm 
with to-and-fro pattern due to flow pattern 
between systole and diastole.
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bladder, and fluid is present within the 
renal pelvis, it is important to reimage 
the kidney after having the patient void. 
Fluid that persists extends and distends 
the infundibula and calyces should 
prompt a careful survey for the cause 

of obstruction. Mechanical obstruc-
tion most often occurs within the first 6 
months and usually involves the distal 
third of the ureter near the bladder im-
plantation site.13 The possible causes of 
ureteral strictures or obstruction are nu-

merous and include ischemia, rejection, 
faulty surgical technique, pelvic fibro-
sis, extrinsic compression by a pelvic 
fluid collection, or intrinsic obstruction 
caused by fungus balls, clot, calculi, 
and papillary necrosis among others.13

Peritransplant fluid collections are 
a common postoperative finding, re-
ported in up to 50% of cases.13 The 
differential diagnosis includes hema-
toma, seroma, abscess, urinoma, or 
lymphocele.3 Hematomas and seromas 
usually present in the immediate post-
operative period and are often sono-
lucent, although internal complexity 
is common in hematomas. Abscesses 
usually occur within days 7-10, while 
lymphoceles develop within months.3,15 
Urinomas are rare, but usually occur 
within the first few weeks and result 
from the breakdown of the ureterove-
sicular junction and may form near the 
bladder apex or cause an intraperitoneal 
leak.13,15  Regardless of the etiology of 
the fluid collection, it is important to 
discern whether there is significant in-
terval increase in size or mass effect 
upon the allograft and if vascular com-
promise is evident warranting emergent 
interventional or surgical exploration 
and evacuation. 

Vascular complications of renal trans-
plants are not uncommon, occurring up 
to 12% of all cases.3 Normal Doppler 
interrogation of the intrarenal arteries 
should demonstrate sharp systolic up-
strokes with a slow decay during dias-
tole, and resistive indices < 0.7 (Figure 
11).15,16 The acceleration time of the 
peak systolic velocity should measures < 
0.07 sec, with a pulsatility index of < 1.15 
The main renal vein should demonstrate 
a monophasic waveform with lower ve-
locities and minimal respiratory varia-
tion (Figure 11).16

Renal artery stenosis is usually a late 
complication and most often occurs at 
the site of anastomosis or just distal to 
it and often demonstrates an area of tur-
bulence as well as peak systolic veloci-
ties > 2 m/s or a peak systolic velocities  
> 2 times the peak systolic velocity 
measured in the external iliac artery,  
proximal to the anastomosis.3,13,15  

FIGURE 16. Renal PTLD presenting as (A) hypoechoic mass in a renal allograft, which 
encases and compresses (B) adjacent renal vessel.

FIGURE 17. Typical CT appearance after pancreas transplantation in the (A) right lower quad-
rant with the (B) pancreas (solid line) and donor duodenum (broken line) outlined.

FIGURE 14. Vascular lesion with elevated 
velocities and low resistance compatible 
with postbiopsy renal arteriovenous fistula.

FIGURE 15. Renal allograft decreased sinus 
fat, prominent medullary pyramids, and 
pelvi-infundibular wall thickening (arrow). 
Findings can be seen with acute tubular 
necrosis (ATN) or rejection.
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Spectral waveform findings in the down-
stream interlobar arteries will often 
show a tardus-parvus waveform with 
prolonged acceleration time (> 0.07 sec) 
(Figure 12) and low resistive indices  
(< 0.56).13

Renal vein thrombosis is a rare, but 
serious complication, usually occurring 
within the first 4 weeks of the postop-
erative period.3,15 Characteristic find-
ings include visualization of thrombus 
and absent flow in the main renal vein 
with swelling of the allograft.3,13 How-
ever, secondary signs, such as increased 
resistance in the arterial waveform, 
diastolic flow reversal, with preserva-
tion of a brisk systolic upstroke, may be 
the main finding to suggest renal vein 
thrombosis.3, 13,15-16 

Likewise, renal artery thrombosis 
is also a rare, but serious complication  
(< 1%) occurring in the immediate post-
operative period and can lead to graft 
loss, if not recognized in a timely man-
ner.16 Grayscale imaging may demon-
strate segmental infarcts as ill-defined 
peripheral hypoechoic areas without 
detectable color flow.13 Global infarcts 
will manifest as diffuse swelling of the 
allograft, which will often appear ab-
normally hypoechoic and without de-
tectable color flow.13

Similar to hepatic allografts, renal 
pseudoaneurysms can be either intra-
parenchymal, often a complication of a 
prior percutaneous biopsy, or extrarenal, 

usually at the site of anastomosis or se-
quelae of infection.3 Color Doppler will 
demonstrate the “yin-yang” and “to-and-
fro” flow at the pseudoaneurysm neck 
(Figure 13).15

Arteriovenous fistulas are another 
postbiopsy complication. These are al-
most exclusively diagnosed on color 
Doppler imaging with the presence of 
aliasing color flow, high velocity, low-
resistance arterial spectral waveforms, 
and arterialization of the venous wave-
form, which persists even on high Dop-
pler scale settings (Figure 14).3,13,15-16

The diagnosis of allograft rejection 
on ultrasound is often an elusive one 
and may be deferred to the clinical his-
tory as well as a percutaneous biopsy. 
However, certain sonographic grading 
criteria exists in the attempt to elucidate 
the potential of transplant rejection based 
on grayscale and color Doppler findings, 
such as allograft swelling, loss of renal 
sinus fat, prominence of medullary pyra-
mids, pelvi-infundibular wall thickening 
(Figure 15), and elevated resistive indi-
ces.17 In addition, Doppler analysis may 
reveal elevated resistive indices > 0.8, 
and sometimes even reversal of diastolic 
flow.13 These Doppler findings can also 
be seen in the setting of vascular throm-
bosis, acute tubular necrosis (ATN), and 
drug nephrotoxicity. Lack of arterial or 
venous flow will confirm the diagnosis 
of vascular thrombosis. ATN is common 
in the early postoperative period and al-

most exclusively occurs with cadaveric 
allografts. A differentiating feature from 
acute rejection is that ATN gradually re-
solves over the first few weeks, whereas 
acute rejection often peaks within the 
first 3 weeks of the postoperative period. 
Tissue sampling is necessary to distin-
guish between these 2 entities.

Prolonged immunosuppression often 
places the recipient at risk for develop-
ment of malignancy, including renal cell 
carcinomas and urothelial malignancies, 
as well as lymphoma and post transplant 
lymphoproliferative disease (PTLD).13 

The development of a suspicious solid 
intrarenal mass (Figure 16) should raise 
concern for any one of these complica-
tions. PTLD in renal transplant popula-
tions will often manifest as pathologic 
lymphadenopathy; however, PTLD 
can infiltrate the allograft parenchyma 

FIGURE 18. Schematic representation of pancreas transplantation with donor iliac Y-graft 
bridging the donor splenic and superior mesenteric arteries and recipient right common iliac 
artery or external iliac artery. Exocrine drainage is via donor duodenum to recipient jejunum 
and systemic venous drainage between donor portal vein and recipient right external iliac 
vein. Note the blind ending donor splenic and superior mesenteric vessels.

FIGURE 19. Normal appearance of the 
homogeneous hypoechoic pancreatic 
allograft on (A) grayscale, (B) flow seen 
throughout the parenchyma on power Dop-
pler, and (C) patent splenic vein. 
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or present as a heterogeneous mass sur-
rounding vessels in the renal hilum, 
which can lead to vascular compromise.13

Pancreas
More than 35,000 pancreas trans-

plants had been performed worldwide as 
of December 201018 in diabetic patients. 
Pancreas transplants are categorized as 
simultaneous pancreatic kidney trans-
plant (SPK) in those with concomitant 
end-stage renal nephropathy  (75%), 
pancreas transplantation after previous 
kidney translant (PAK) (18%), and pan-
creas transplant alone (PTA) (7%).18

Sonographic evaluation of the pan-
creatic transplant begins with grayscale 
imaging of the allograft and is usually 
the first-line modality in the evaluation 
for clinically suspected graft dysfunc-
tion. The pancreatic allograft is typi-
cally placed in the extraperitoneal right 
iliac fossa and renal allograft placed in 
the extraperitoneal left iliac fossa for 
SPK (Figure 17).  

Prior to 1995, 90% of all pancreas 
transplants had pancreatic exocrine 
drainage via the bladder. Exocrine blad-
der drainage has the advantage of being 
able to follow urine amylase as a non-
specific rejection marker especially for 
solitary pancreatic transplants, PAK 
and PTA, where serum creatinine can-
not be followed for rejection as in SPK. 
However, alkaline pancreatic excretions 
can result in metabolic acidosis in addi-
tion to urologic complications such as 
graft pancreatitis from reflux and urinary 
tract infections. The more physiological  

enteric pattern of exocrine drainage 
is currently the most commonly used 
whereby the allograft exocrine duct 
drains via an end-to-side or side-to-side 
anastomosis between donor duodenum 
and recipient jejunum.

The arterial anastomosis involves 
creating a donor iliac Y-graft to the 
donor splenic and superior mesenteric 
arteries which are the anastomosed in 
an end-to-side fashion to the recipient 
right common iliac artery or external 
iliac artery (Figure 18).

The predominant method of pancre-
atic venous drainage utilizes systemic 
venous drainage (SVD) with forming 
an anastomosis of the donor portal vein 
in an end-to-side fashion to the recipi-
ent right external iliac vein.19 The distal 
aspects of the donor splenic and supe-
rior mesenteric vessels are blind end-
ing. Alternative portal venous drainage 
(PVD) connects the donor portal vein to 
the recipient superior mesenteric vein 
or its major branch vessel, which cre-
ates a more physiologic efflux of insulin 
towards the liver. No significant long-
term differences have been seen in SVD 
versus PVD.20 

If there is a living donor segmental 
graft, it comprises the pancreatic body 
and tail. The donor splenic artery and 
vein are anastomosed to the recipient 
external iliac vessels. Exocrine drainage 
can be done via bladder anastomosis or 
enteric Roux-en-Y loop to the graft.21 
The normal pancreatic allograft is ho-
mogeneous and hypoechoic to the sur-
rounding fat (Figure 19). Color Doppler 

and power Doppler increase detection of 
intraparenchymal and anastomotic vas-
culature. The majority of graft failures 
in the first 6 months are due to technical 
factors, such as vascular thrombosis, in-
fection, anastomotic leak, or bleeding. 
Acute rejection typically occurs between 
6 and 12 months and chronic rejection  
12 months after transplantation.22 

Rejection can be seen as a swollen al-
lograft and parenchymal heterogeneity. 
Ultrasound has a limited role in the di-
agnosis of acute rejection due to a wide 
range of sensitivities, 13% to 82%.23-24  
These imaging features are nonspecific, 
as they can also be seen with pancreati-
tis and vascular thrombosis. No specific 
serum marker has yet to be found which 
can distinguish between these entities. 
And unlike renal transplantation, no re-
liable resistive index measurement has 
been established for acute rejection in 
pancreatic transplantation. Sonographi-
cally-guided pancreatic allograft biopsy 
has been shown to be superior to both 
grayscale and spectral Doppler findings 
in the diagnosis of rejection.23

 The most common cause of vascu-
lar-transplant dysfunction is vascular 
thrombosis, venous slightly greater than 
arterial.25-26 Clinically, patients may 
have hyperglycemia, graft pain, and hy-
peramylasemia. The blind-ending distal 
splenic and superior mesenteric stumps 
are prone to thrombosis, which necessi-
tates careful documentation of patency 
or evaluation for extent of clot burden, 
since thrombosis is the most common 
cause for early graft failure.25  The lack 

FIGURE 21. Postislet cell transplantation 
with linear echogenicity representing the 
embolized catheter tract. 

FIGURE 20. Swollen heterogeneous appearance of the (A) pancreatic allograft due to a (B) 
splenic vein thrombus seen as a filling defect on color Doppler images. 
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or decrease of color flow, absence of ap-
propriate spectral tracings, and visualiza-
tion of echogenic intraluminal thrombus 
(Figure 20) lead to the diagnosis of vas-
cular occlusion. Reversal of diastolic 
flow in the pancreatic transplant arter-
ies is highly specific for venous throm-
bosis.27 Venous clots can propagate to 
occlude draining vessels and can be 
treated with anticoagulation, catheter-
directed pharmacologic thrombolysis/
mechanical thrombectomy, or surgical 
thrombectomy. Slow flow in the splenic 
vein through the graft can cause a pseu-
dothrombosis appearance. Recognition 
of this entity and further evaluation with 
Doppler or delayed contrast-enhanced 
CT can help avoid this pitfall.28 Short-
segment peripheral thrombi can be seen 
and do not necessarily require treatment.

Contrast-enhanced MRA has had 
some promising results for diagnosing 
vascular complications. However, the 
role of MRI may be limited as the pan-
creas transplant population with its high 
rate of concomitant renal morbidity is at 
risk for gadolinium-induced nephrogenic 
systemic fibrosis. Additional vascular 
complications include anastomotic tur-
bulent flow or elevated velocities indica-
tive of stricture, pseudoaneurysm with 
swirling color pattern and turbulent to-
and-fro spectral tracing, and postbiopsy 
arteriovenous fistulas.

Postsurgical peritransplant fluid col-
lections may represent hematomas, 

pseudocysts, abscesses, seromas, uri-
nary leaks, ascites, or anastomotic 
leaks. These appear as anechoic or com-
plex fluid collections.

Long-term PTLD in pancreas trans-
plants is associated with Epstein Barr 
virus infection and ranges from benign 
B-cell hyperplasia to malignant lym-
phoma. The incidence is highest in the 
first year and seen in up to 6% of pa-
tients from a series of 212 recipients.29 
The greatest number affected were 
those who underwent solitary pancreas 
transplant, PAK or PTA, over SPK. Pa-
tients present with nonspecific symp-
toms, including malaise, fevers, chills, 
mild elevation of pancreatic enzymes, 
nausea, and vomiting. The findings 
of PTLD typically manifest in the al-
lograft, either alone or with additional 
extraallograft findings, and rarely ex-
traallograft only. PTLD may manifest 
as diffuse or focal allograft enlarge-
ment, extraallograft lymphadenopathy, 
and rarely organomegaly.30 These find-
ings are nonspecific as they can are also 
seen in rejection and overlap temporally 
in presentation.

Islet cell transplantation 
Islet cell transplantation has an 

emerging role in the treatment of type I 
diabetes in those with severe recurrent 
hypoglycemia associated with unaware-
ness and early secondary complications 
refractory to medical management. 

Between 1999 and 2008, there were 
412 recipients of islet cell transplanta-
tions.31 The most successful islet cell 
transplantation with respect to insulin 
independence is the Edmonton proto-
col, whereby highly purified cadaveric 
donor islet cells are infused  through a 
cannula into the main portal vein via a 
percutaneous anterior or midaxillary 
puncture of a branch right portal vein 
performed under fluoroscopy. After 
delivery, the hepatic tract is embolized 
with a variety of materials, including 
coils, fibrin glue, and gelatin sponge, to 
minimize the risk of hemorrhage. Post-
transplant imaging demonstrates an 
echogenic linear tract along the embo-
lization path (Figure 21). The protocol 
also calls for a potent steroid-free im-
munosuppression protocol of dacluz-
imab, sirolimus, and tacrolimus.32 

 The most common early complica-
tion is hemorrhage, either hepatic sub-
capsular or parenchymal, or bleeding 
into the peritoneal or pleural spaces. 
Second most common complication is 
portal venous thrombosis, which is seen 
as echogenic thrombus, typically in a 
right portal vein branch, with decreased 
or lack of color flow and absent venous 
spectral pattern. Less common compli-
cations include arteriovenous fistulas, 
trauma to the adjacent biliary system, 
and interruption of the pleura.33 

Interestingly, a late complication seen 
after 6 months is the development of 
periportal hepatic steatosis without ste-
athohepatitis.34-35 Periportal echogenities 
(Figure 22) develop representing mi-
crovesicular fat and are seen on MR as 
signal drop off on opposed-phase imag-
ing. It is thought to be a benign local ef-
fect of insulin from grafted islet cells and 
is not associated with graft dysfunction. 
Long-term immunosuppression after 
islet transplantation has also resulted in a 
significant percentage of premenopausal 
females (70%) developing sirolimus-as-
sociated ovarian cysts with a mean ovar-
ian cyst size of 6 cm.36 Some of these 
cysts can be symptomatic leading to pel-
vic pain from torsion or rupture. With-
drawal of sirolimus results in regression 
of cyst size.

FIGURE 22. Hepatic steatosis after islet cell transplantation initially seen as (A) multiple small 
echogenic foci, which (B) coalesced over a 6-month period. 
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Conclusion
As the number of abdominal trans-

plants increases, knowledge of trans-
plant anatomy and timely recognition 
of complications are imperative to in-
crease transplant survival and decrease 
unnecessary procedures. Ultrasound 
remains the modality of choice in most 
institutions and determines the need for 
intervention or further evaluation with 
CT or MRI.
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