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Abstract
Pancreas transplantation is a complex surgical procedure performed to restore normoglycemia in patients with type 1 dia-
betes and includes whole/segmental organ transplant and islet cell transplantation (ICT). In the United States, simultaneous 
pancreas-kidney transplant (SPK) is most commonly performed due to the higher occurrence of end-stage renal disease in 
diabetic patients. Understanding the surgical technique and postoperative anatomy is imperative for effective and accurate 
surveillance following transplantation. Imaging plays an essential role in patients with pancreatic transplants and is often used 
to evaluate viability, vascular and parenchymal anatomy, and identify potential complications. Imaging techniques such as 
ultrasound, color and spectral Doppler, computed tomography (CT), magnetic resonance imaging (MRI), and angiography 
have a complementary role in the postoperative evaluation following a pancreas transplant. The common complications after 
a whole organ pancreas transplant include vascular thrombosis, graft rejection, pancreatitis, and infections. Complications 
can be classified into vascular (partial or complete venous thrombosis, arterial thrombosis, stenosis or pseudoaneurysm), 
parenchymal (pancreatitis, graft rejection), and bowel-related or miscellaneous causes (bowel obstruction, anastomotic leak, 
and peripancreatic fluid collections). Islet cell transplantation is an innovative therapy for patients with type 1 diabetes. It 
involves isolating insulin-producing islet cells from donor pancreas and transplanting into recipients, to provide long-term 
insulin independence or significantly reduce insulin requirements. In recent years, isolation techniques, immunosuppressive 
regimens, and post-transplant monitoring advancements have propelled ICT as a viable therapeutic option. This comprehen-
sive review aims to provide insights into the current state-of-the-art imaging techniques discussing both normal and abnormal 
features following pancreas transplantation.
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Abbreviations
CsA  Cyclosporine A
CT  Computed tomography
dD  Donor duodenum
dPV  Donor portal vein
dSA  Donor splenic artery
dSV  Donor splenic vein
dSMA  Donor superior mesenteric artery
dSMV  Donor superior mesenteric vein
dY-graft  Donor Y-graft
18F-FDG  Fluorodeoxyglucose
IT  Islet transplantation
MRI  Magnetic resonance imaging
OPTN/ UNOS  Organ Procurement and Transplant Net-

work/ United Network for Organ Sharing
PAK  Pancreas after kidney transplant
PET  Positron emission tomography
PSV  Peak systolic velocity
PTA  Pancreas transplant alone
PTLD  Post-transplant lymphoproliferative 

disorder
RI  Resistive index
SMA  Superior mesenteric artery

SPECT  Single-photon emission computed 
tomography

SPIO  Superparamagnetic iron oxide
SPK  Simultaneous pancreas-kidney transplant
SPKL  Simultaneous cadaveric-donor pancreas 

and live-donor kidney transplant
US  Ultrasound

Introduction

Pancreatic transplantation is an important treatment option 
in the management of patients with diabetes, which intends 
to restore normoglycemia and mitigate the systemic com-
plications linked with the disease [1]. A critical objective of 
pancreatic transplantation is to restore glycemic homeostasis 
in patients with diabetes by providing adequate functioning 
beta cells and avoiding or postponing the onset of diabetes-
associated microangiopathies such as retinopathy, nephropa-
thy, neuropathy, and arteriopathy [2, 3]. Pancreas-kidney 
transplants are associated with improved quality of life and 
life expectancy by reducing the need for insulin therapy and 
dialysis [4, 5]. The common indications for this procedure 
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include uncontrolled type 1 diabetes mellitus, frequent 
insulin reactions, hypoglycemic unawareness (the absence 
of normal hypoglycemic warning signs, which results in 
alarmingly low blood sugar levels), advanced-stage kidney 
disease (eGFR < 20 ml/min), and type 2 diabetes associated 
with both low insulin resistance and poor insulin produc-
tion [1, 2].

Pancreatic transplants generally belong to one of four 
types, depending on the presence and timing of associated 
renal transplants: pancreas transplant alone (PTA), simul-
taneous pancreas-kidney transplants (SPK), pancreas after 
kidney (PAK), and simultaneous pancreas and live donor 
kidney transplant (SPKL) [1]. Regardless of the type of pan-
creas transplant, the allograft is procured from a deceased 
donor. Among the different types, SPK is the most com-
monly performed procedure in the United States and is rec-
ommended in most patients with diabetes < 55 years with 
end-stage renal disease. According to the Organ Procure-
ment and Transplant Network/ United Network for Organ 
Sharing (OPTN/ UNOS) data, SPK has seen a sustained 
increase in performance (77.3% in 2021 vs. 67.5% in 2010) 
with a notable decline in the proportions of PAK (9.6% in 
2021 vs. 18.5% in 2010) and PTA (13.1% in 2021 vs. 14% 
in 2010) [6]. SPKs are preferred as renal transplant provides 
survival advantage and requires immunosuppression, justify-
ing that for pancreas transplant. Thus, these patients perform 
better in terms of long-term outcomes and serum creatinine 
levels, a renal function assessment and rejection marker, 
which can also be employed as a substitute for determining 
pancreas graft function [2]. PAKs are often performed in 
patients with diabetes < 55 years, displaying hypoglycemic 
unawareness and other secondary complications of type 1 
diabetes [2]. PAKs have significantly lower transplant wait 
times and a higher kidney graft survival rate than kidney 
transplants alone [1]. However, PAK procedures exhibit 
lower long-term pancreatic graft survival than SPKs. PTA 
is the least common transplant procedure, which is indicated 
in patients with diabetes in the pre-uremic phase (i.e., do 
not require or benefit from renal transplant) although with 
significant benefits justifying substitution of insulin and dia-
betic complications with immunosuppression and its side 
effects, e.g., those experiencing frequent hypoglycemic una-
wareness episodes [1]. Despite the differences in techniques, 
low 1-year patient mortality rates has been reported across 
all types of pancreas transplants (2.5% for PAK, 1.3% for 
PTA, and 3.7% for SPK), which underscores the safety of 
these procedures [5]. This comprehensive review discusses 
surgical anatomy of pancreatic allograft, various imaging 
techniques and their utility in evaluating normal features 
after pancreas transplantation and common postoperative 
complications. Furthermore, it delves into imaging in islet 
transplantation, including pre-transplantation assessment, 

post-transplantation monitoring, and evaluating long-term 
effects.

History and evolution

The first successful whole-organ cadaveric pancreas trans-
plant was performed along with a kidney transplant by R. 
Lillehei and W. Kelly at the University of Minnesota in 
1966 in a patient with diabetes on dialysis [7, 8]. Over 
the next few decades, this procedure underwent several 
transformations, beginning with an initial interest in the 
transplantation of pancreatic segments due to its reduced 
immunogenicity [7]. This field witnessed three major 
events in the 1980s, including the first use of Cyclosporine 
A (CsA) as a single agent to prevent rejection and the first 
international pancreatic transplantation meeting in 1980 
which led to the inception of professional associations to 
discuss both improvements and failures of surgical tech-
niques [7].

In the mid-1980s, Nghiem and Corry, at the Univer-
sity of Iowa, developed an innovative bladder drainage 
technique via a graft-to-recipient duodenocystostomy 
for whole pancreas grafts [7]. This technique was soon 
adopted by most centers in the United States and Europe 
for its many advantages. For SPK transplants, bladder 
drainage allowed for better rejection monitoring by meas-
uring serum creatinine, thus lowering the risk of anas-
tomotic leaks. For PTA, urine drainage permitted better 
rejection monitoring by analyzing urine amylase levels [7]. 
This technique became the most popular method until the 
mid-1990s when its related chronic complications, such as 
urinary tract infections, cystitis, and urethritis, and acido-
sis related to urinary bicarbonate losses, led surgeons to 
prefer enteric drainage [9]. Today, virtually all pancreas 
transplants are enterically drained [3]. Over the years, pan-
creatic transplants have witnessed increasing success rates 
resulting from improved surgical techniques, better immu-
nosuppression regimes, and postoperative management.

Surgical technique and anatomy

Pancreatic transplant anatomy depends on the surgical 
technique employed, associated kidney transplantation, 
and type of anastomoses [9, 10]. Whole organ pancreas 
transplantation involves procuring the organ from the 
deceased donor and transplantation into the recipient 
after back-table preparation. The procured donor allograft 
pancreas is transplanted with its arterial supply, venous 
outflow, and short segment of the C-loop of the duode-
num (Fig. 1). The native pancreas is typically retained 
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in its original retroperitoneal location and not surgically 
removed. The location of the graft pancreas in the recipi-
ent is determined by the surgical technique, vascular and 
enteric anastomosis (Fig. 2). The most common location 
for the graft pancreas is in the right lower quadrant, which 
facilitates the extraperitoneal placement of the donor kid-
ney in the left lower quadrant. The other common location 
is in the pelvis, when bladder drainage is desired. Loca-
tion in the midline abdomen is chosen when portal venous 
and enteric drainage are preferred. The least common site 
of graft pancreas location is the upper abdomen, which 
is suited for simultaneous liver pancreas transplant and 
allows for portal venous and enteric drainage [2] (Fig. 2).

Arterial supply

Graft pancreas arterial inflow is provided by the supe-
rior mesenteric artery (SMA), which delivers blood to the 

pancreatic head, and the splenic artery, which supplies 
blood to the body and tail of the pancreas [9]. The arte-
rial supply to the graft pancreas and its anastomoses to 

Fig. 1  Illustrations of transplant pancreas surgical anatomy. a 
Explanted pancreas with donor splenic artery (dSA), donor superior 
mesenteric artery (dSMA), donor Y-graft (dY-graft), donor splenic 
vein (dSV), donor superior mesenteric vein (dSMV), donor portal 
vein (dPV) and donor duodenum (dD). b Transplant pancreas in the 
right lower quadrant with systemic vascular anastomosis to recipi-
ent iliac vessels and enteric drainage to recipient jejunum. c Trans-
plant pancreas in the right lower quadrant with arterial anastomosis to 
recipient iliac artery, portal venous anastomosis to recipient superior 
mesenteric vein and enteric drainage to recipient jejunum. d Trans-
plant pancreas in the pelvis with systemic vascular anastomosis to 
recipient iliac vessels and exocrine drainage to the recipient urinary 
bladder (duodenocystostomy)

Fig. 2  Location of transplant pancreas. a Axial contrast-enhanced 
CT shows transplant pancreas in the right lower quadrant (arrow) 
and transplant kidney in the left lower quadrant (K). b Axial con-
trast-enhanced CT shows transplant pancreas in the right hemipelvis 
(arrow). c Coronal contrast-enhanced CT shows transplant pancreas 
in midline abdomen (arrow). d Axial contrast-enhanced CT shows 
transplant pancreas in the right upper quadrant (arrow)
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the recipient is performed by the use of a donor Y graft. 
The Y graft used is the donor’s common iliac and its 
bifurcation into external, and internal iliac arteries [9]. 
During the back-table preparation of the graft, and prior 
to implantation, the donor SMA and splenic artery are 
anastomosed to either the external or internal iliac arter-
ies of the Y-graft[10]. Additionally, the donor’s spleen, 
which is usually recovered with the pancreas, is removed 
on the back-table, and the donor’s splenic vessels ligated 
at the level of the splenic hilum. During the implantation, 
the common iliac artery of the donor Y-graft is anasto-
mosed to the recipient’s common or external iliac artery, 
although variations in technique can occur (Figs. 1 and 3).

Venous drainage

Venous drainage from the pancreas is essential for venous 
outflow and maintenance of vascular perfusion and drainage 
of endocrine secretions, including insulin, glucagon, soma-
tostatin, ghrelin, and pancreatic polypeptide [11]. The donor 
portal vein, which constitutes the main pancreatic graft out-
flow vein, is formed by a confluence of donor splenic and 
superior mesenteric veins, which drain the pancreatic venous 
tributaries [9]. The venous drainage from the graft pancreas 
can be accomplished by anastomosis of the donor portal vein 
to the systemic or portal venous circulation. Systemic drain-
age is attained by the anastomosis of the donor’s main graft 
vein to the recipient’s common iliac vein or inferior vena 
cava, whereas, in portal venous drainage, it is anastomosed 

Fig. 3  Postoperative anatomy of 
transplant pancreas. a Sagittal 
arterial phase MIP CT image 
and b volume-rendered image 
shows Y-graft anastomosis 
to recipient right external 
iliac artery (arrow). c Axial 
contrast-enhanced CT shows 
donor portal vein anastomosis 
with the recipient right common 
iliac vein (arrow). d Coronal 
non-contrast CT shows donor 
pancreas (arrowhead) with 
enteric anastomosis between 
donor duodenum and recipient 
jejunum (arrow). e, f Axial and 
coronal non-contrast CT shows 
donor duodenum anastomosis 
with the recipient’s urinary 
bladder (arrow)
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to the recipient’s superior mesenteric vein. The venous anas-
tomosis is usually dictated by the donor and recipient anat-
omy and the surgeon’s preference [3]. While portal venous 
drainage represents a more physiologic mechanism for drain-
age of endocrine sections, there is no significant difference 
in glycemic control in both types of venous anastomoses [1] 
(Figs. 1 and 3).

Exocrine drainage

The C-loop of the duodenum of the graft pancreas receives 
exocrine secretions from the pancreatic duct, including 
trypsin, chymotrypsin, pancreatic amylase, and lipase [12]. 
It is necessary to drain all the exocrine secretions of the 
pancreatic gland to avoid pancreatic duct obstruction and 
failure of the pancreas. Drainage of exocrine secretions from 
the C-loop can be accomplished through either enteric or 
bladder anastomoses. Enteric drainage is most often accom-
plished through the small bowel via anastomosis of the 
donor duodenum to the recipient’s jejunum with or without 
a Roux-en-Y loop or rarely to the recipient duodenum [3]. 
Less commonly, drainage is facilitated by the anastomosis of 
the donor duodenum to the recipient’s urinary bladder (blad-
der drainage) [9]. However, this has fallen out of favor due 
to complications such as recurrent urinary tract infections, 
chemical cystitis, urethritis and hematuria from pancreatic 
secretions entering the urinary bladder and graft pancreatitis 
resulting from reflux of urine [2, 3, 9] (Figs. 1 and 3).

Imaging: modalities and technique

Imaging plays a pivotal role in transplant evaluation by uti-
lizing both traditional and advanced techniques to monitor 
graft status and assess potential complications. Imaging 
provides both structural and functional information about 
the graft pancreas. Currently, frequently employed imaging 
methods comprise ultrasonography (US), computed tomog-
raphy (CT), and magnetic resonance (MR) imaging. While 
initially employed to evaluate graft function, radionuclide 
studies are not routinely performed.

US and Doppler imaging

Ultrasonography is the preferred initial imaging modality 
to evaluate graft pancreas in the postoperative period. Its 
advantages include easy accessibility, portability, Doppler 
evaluation of vascularity, and lack of ionizing radiation 
exposure [2]. Accurate assessment of the pancreatic allo-
graft requires precise techniques tailored for graft evaluation 
and knowledge of allograft placement and vascular/exocrine 
drainage anastomoses. Ultrasound offers a detailed inter-
rogation of the pancreatic parenchyma and ductal anatomy. 

However, the presence of overlying bowel gas, particularly 
in grafts with portal drainage and intraperitoneal placement 
in the right or upper mid-abdomen, can obscure segments 
or the entirety of the organ [13]. Typically, a high-frequency 
linear probe, 5–12 MHz, allows optimal evaluation of the 
transplanted pancreas in the right iliac fossa. Applying 
minimal probe compression and positioning the patient in 
a right anterior oblique orientation can be beneficial in dis-
placing overlying intestines [14]. Doppler imaging enables 
the assessment of arterial and venous anastomoses and the 
evaluation of parenchymal perfusion. Vascular assessment 
involves interrogation of donor and recipient anastomotic 
arteries for color flow, arterial waveforms, peak systolic 
flow velocity (PSV), and vascular resistive indices (RI). In 
addition to assessing allograft parenchyma and vasculature, 
ultrasound also facilitates guided biopsies.

CT imaging

CT provides a comprehensive assessment of the graft paren-
chyma, vascular anastomoses, and exocrine drainage and is 
a valuable tool for detecting and characterizing a wide range 
of postoperative complications [15]. It is usually recom-
mended after an initial US or in the presence of unexplained 
symptoms such as fever or abdominal pain [16]. Contrast-
enhanced abdomen-pelvis CT is performed with the acquisi-
tion in the arterial and portal venous phase to facilitate the 
evaluation of renal and pancreas allografts. While neutral 
oral contrast allows a superior display of vascular structures, 
positive oral contrast might be preferred to depict enteric 
drainage [17]. CT allows for sub-mm volumetric acquisition, 
which allows for multiplanar imaging and three-dimensional 
reconstructions of the graft’s vascular anatomy using two-
dimensional multiplanar reformations, three-dimensional 
maximum intensity projection (MIP), and volume-rendered 
images [17]. Curved planar reformations can also accurately 
depict donor and recipient vascular anastomoses. In patients 
with renal dysfunction or compromised renal function, a 
non-contrast CT study is used to assess suspected intestinal 
obstruction and intrapancreatic or peripancreatic fluid col-
lections, owing to nephrotoxic effects of iodinated contrast 
agents [18]. Similar to US, CT can serve as a valuable tool 
for performing guided biopsies in suspected cases of allo-
graft rejection.

MR imaging

MRI has a problem-solving role in challenging cases though, 
not routinely performed due to the ease and availability of 
US and CT [19, 20]. MRI should be typically performed 
on 1.5- or 3-T systems for optimal evaluation. A typical 
MR protocol includes T2-weighted images, pre-contrast 
axial T1-weighted, coronal oblique thick-slab single-shot 
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T2-weighted fast spin-echo sequence (MR pancreatogra-
phy) and dynamic contrast-enhanced MR sequences [21]. 
MR pancreatography allows for superior assessment of 
pancreatic duct abnormalities. In patients with poor renal 
function, unenhanced MRI provides more acceptable infor-
mation about the vasculature compared to unenhanced CT 
[4]. In patients with suspected vascular complications such 
as thrombosis, stenosis, and infarction, MR angiography per-
mits optimal assessment of the vasculature [22].

Catheter angiography

Conventional catheter angiography remains a valuable diag-
nostic tool, although its role has evolved with the advent of 
advanced cross-sectional imaging modalities. It is particu-
larly useful in confirming diagnoses in cases of vascular 
complications where other modalities yield equivocal results 
such as in identifying stenosis, thrombosis, pseudoaneurysm, 
and arteriovenous fistula. Additionally, it serves as the first 
step for patients requiring intricate vascular interventions 
such as angioplasty, endovascular stent placement, embo-
lization, venous thrombolysis, or thrombectomy [23, 24].

Radionuclide imaging

Radionucleotide studies were initially introduced in the 
early 80s and were utilized to assess renal transplants. 

Toledo-Pereyra demonstrated that 75Se-selenomethionine 
imaging correlates excellently with transplant function in 
the initial weeks after  transplantation in extraperitoneal 
segmental pancreas transplant. However, this technique is 
complementary to other imaging modalities due to cost and 
redundancy with information provided by plasma glucose 
levels [25]. Subsequently, studies have demonstrated that 
scintigraphic techniques, including 99mTc-sulfur colloid, 
111In-labeled platelets, and 99mTc-DTPA, have utility in 
distinguishing normal from abnormal pancreas and kidney 
allografts, particularly in assessing rejection and perfusion 
status [26]. However these techniques are not commonly 
used in routine clinical practice.

Imaging: normal appearance

The imaging appearance of pancreatic allograft demon-
strates features similar to normal native pancreas. On gray-
scale B-mode US, the graft pancreas appears as a homog-
enous, low-level echogenic structure with the pancreatic duct 
characterized by specular echoes [27] (Fig. 4). A normal 
graft pancreas typically exhibits sharp systolic upstrokes, 
continuous antegrade diastolic flow, and an RI of 0.5–0.7, 
indicating reasonably lower vascular resistance within the 
graft (Fig. 4). The venous structures related to the allo-
graft demonstrate a continuous monophasic waveform in 

Fig. 4  Ultrasound and Doppler 
imaging of normal transplant 
pancreas. a Transverse midline 
gray-scale US shows transplant 
pancreas with homogenous 
echotexture (arrow) and no 
peripancreatic inflammation. b 
Right lower quadrant gray-scale 
US shows transplant pancreas, 
which has homogenous echotex-
ture (arrow) with normal graft 
arterial supply. c, d Transplant 
pancreas arterial Doppler shows 
a sharp systolic upstroke with 
continuous diastolic flow and RI 
of 0.7 and transplant pancreas 
venous Doppler shows continu-
ous flow with mild degree of 
cardiac phasicity
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an anechoic lumen. In systemic venous drainage cases, a 
slight cardiac phasicity may be observed in the venous flow 
waveform (Fig. 4). In portal drainage, it is not uncommon 
to experience mild, generalized constriction in the main 
graft vein at the anastomotic site, causing a relative flat-
tening of the venous flow waveforms [2]. The graft pan-
creas might maintain normal vascular resistance even with 
edema resulting from inflammation or rejection due to the 

lack of a capsule. On CT, the pancreatic allograft, akin to a 
normal pancreas, exhibits uniform enhancement, with the 
main pancreatic duct showing minimal or no dilation with 
clear delineation of vascular and enteric anastomoses [27] 
(Fig. 5). On MRI, the graft pancreas is hyperintense on T1- 
and T2-weighted images relative to skeletal muscle, owing 

Fig. 5  CT imaging of normal transplant pancreas. a Coronal non-con-
trast CT shows a homogenous transplant pancreas in mid-abdomen 
(arrow) due to the previous placement of transplant kidney (K) in the 
right lower quadrant. b Axial contrast-enhanced CT shows a homoge-
nously enhancing transplant pancreas in right lower quadrant (arrow) 
and transplant kidney in left lower quadrant (K)

Fig. 6  MR imaging of normal transplant pancreas. a Coronal 
T1-weighted image shows transplant pancreas in the right lower 
quadrant with homogenous T1 signal intensity (arrow) (homog-
enously hyperintense relative to muscle). b Coronal T2-weighted 
image shows transplant pancreas in the right lower quadrant with 
homogenous parenchymal T2 signal intensity (arrow) (homogenous 
signal intensity between fluid and muscle) and normal caliber main 
pancreatic duct (arrowhead)
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to higher protein and water-based secretions intrinsic to the 
gland (Fig. 6).

Imaging: post‑transplantation complications

Since its first introduction in 1966, pancreas transplanta-
tion has shown improved outcomes in patients with diabetes. 
The 5-year survival rates for patients with type 1 and type 2 
diabetes receiving pancreas allografts were 91.9 and 87.3%, 
respectively [5]. The 2022 OPTN/ UNOS data reports the 
incidence of graft failure within the first 90 days to be 
6.1, 5.3, and 8.8% with PAK, PTA, and SPK, respectively 
[5]. The most enduring grafts have achieved a remarkable 
26-year span for SPK, 24 years for PAK, and 23 years for 
PTA [28]. However, post-transplant complications present 
multifaceted challenges, and understanding these complexi-
ties is crucial for timely intervention and management. Com-
plications can be classified into early (< 3 months) and late 
(≥ 3 months), depending on the duration after surgery. Early 
complications include acute thrombosis, hemorrhage, acute 
graft rejection, acute pancreatitis, anastomotic leakage, and 
ileus. Chronic graft rejection, pseudocyst, pseudoaneurysm, 
small bowel obstruction, and post-transplant lymphoprolif-
erative disease represent the gamut of late complications. A 
primary reason for the allograft loss in the first 3 months is 
termed as technical failure, which accounts for 8% of cases 
[26, 27]. Technical failure can result from vascular throm-
bosis (50%), pancreatitis (20%), infection (18%), fistulas 
(6.5%), and hemorrhage (2.4%) [29]. Patients undergoing 
pancreas transplantation receive immunosuppressive ther-
apy to prevent rejection, which results in intended reduced 
immune response and unintended heightened vulnerability 
to infections and gastrointestinal and metabolic complica-
tions, along with an increased propensity for the develop-
ment of malignancies [30, 31]. Depending on the etiology, 
complications can also be categorized into vascular, paren-
chymal, and bowel-related complications [1].

Vascular complications

Pancreas allograft thrombosis could be due to arterial, 
venous, or combined involvement [32]. Venous thrombo-
sis is the most frequent vascular complication, occurring 
twice as frequently as arterial thrombosis [33]. The causes 
of vascular thrombosis could be multifactorial, including 
low microcirculatory blood flow of the pancreas (especially 
with the lack of splenic venous drainage in the splenic vein), 
donor-related factors such as obesity and metabolic syn-
drome, back-table preparation, and cold ischemia time [33]. 
Venous thrombosis is more prevalent in PAK and PTA than 
SPK, and enteric drainage poses a greater risk than blad-
der drainage [34]. Severe pancreatitis, arterial wall injury, 

and stump thrombi formation contribute to the overall risk. 
Splenic vascular stumps created during the back-table prepa-
ration of the pancreas may develop clotting in the peripheral 
arterial and venous segments, particularly in low-flow areas. 
Thrombus formation, especially at the splenic vein stump in 
the allograft tail, can progress from a minor nidus to exten-
sive involvement. Prophylactic anticoagulation is often 
initiated to prevent clot propagation in such cases despite 
the associated increased bleeding risks [30]. Additionally, 
venous obstruction also leads to pancreatic congestion and 
edema [35].

US demonstrates a bulky hypoechoic or heterogenous 
allograft with surrounding fluid. The transplant vein lumen 
might show echogenic foci, and the Doppler signal may be 
absent. Extensive venous obstruction manifests as a reverse 
diastolic flow on the spectral waveform and poses a risk of 
transplant infarction [36] (Fig. 7). Contrast-enhanced CT 

Fig. 7  Pancreatic allograft venous thrombosis in a 52-year-old 
patient. a Color Doppler US image shows echogenic material within 
the transplant pancreatic vein with absent Doppler signal. b Color and 
spectral Doppler US image shows a reversal of arterial diastolic flow 
with a high RI of 1.3, suggestive of venous thrombosis
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is required to exclude thrombosis reliably. However, unen-
hanced CT may suggest acute thrombus if a high-density 
tubular structure is observed in the expected location of 
the allograft vein. On MRI, thrombus may appear as a T2 
hypointense, T1-hyperintense intraluminal filling defect, 
with absent flow void, and might need confirmation on 
post-contrast sequences [37]. True fast imaging with steady-
state precession (FISP), gradient-echo, or time-of-flight 
sequences are valuable in revealing thrombosed vessels. In 
patients with renal failure or reduced creatinine clearance, 
unenhanced MRI angiography provides sufficient informa-
tion for a confident assessment of vascular patency.

The allograft parenchyma exhibits high T2 signal inten-
sity and lacks enhancement in patients with complete graft 
infarction, while hemorrhagic infarction is seen as an 
increased signal on T1-weighted images. Prompt pancreatec-
tomy is often necessary to reduce infectious complications 

and limit mortality in cases of acute venous thrombosis. 
Thrombectomy and thrombolysis have limited efficacy in 
acute venous thrombosis and are usually suitable in short-
segment thrombosis without parenchymal necrosis. Partial 
graft thrombosis, observed in 25% of cases, has shown 
promising outcomes in graft preservation when promptly 
managed with a combination of low molecular weight hepa-
rin and vitamin K antagonists [38]. In the rare occurrence 
of chronic thrombosis, collateral circulation can lead to 
marginal enhancement around an otherwise non-enhancing 
pancreas.

Diagnosing arterial thrombosis involves identifying 
absent arterial flow on both color and power Doppler and a 
missing arterial spectral waveform. CT angiography helps 
demonstrate the extent of the thrombus (Fig. 8). In cases 
where IV contrast is contraindicated, unenhanced MRI 
is preferred over unenhanced CT [4]. Arterial stenoses, 

Fig. 8  Transplant pancreas 
arterial thrombosis in a 42-year-
old patient. a Color Doppler 
US image shows no color 
uptake in the transplant artery. 
b Sagittal CT Angiography 
shows minimal to no contrast 
opacification of the transplant 
artery immediately distal to the 
iliac anastomosis (arrow). c, 
d Right common iliac angio-
gram and selective angiogram 
of transplant pancreas artery 
shows very little appreciable 
flow within the distal aspect of 
transplant artery and no flow 
within its branches along with 
no demonstrable flow to the 
transplant pancreas (arrow). e 
99m-Tc DTPA scan shows the 
perfusion to the location of the 
transplanted pancreas in the 
right lower quadrant is severely 
reduced with complete absence 
of activity during the flow phase 
of the study
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although infrequent, can arise at any anastomotic site. Ath-
erosclerotic plaques in many recipients can compromise vas-
cular inflow to the allograft. High-velocity turbulent flow at 
the anastomosis site may indicate stenoses on Doppler ultra-
sound, but confirmation is typically obtained through CT 
or MR angiography or rarely conventional angiography 
(Fig. 9). During the initial postoperative period, lasting up to 
a week, temporary narrowing due to perianastomotic edema 

may occur, resolving as the anastomosis heals. However, if 
features of stenosis persist or newly arise after the initial 
postoperative week, CT angiography or MR angiography 
is recommended [4]. Stenoses may be amenable to endo-
luminal therapy, warranting the need for stent placement. 
In situations where diagnosing stenosis or thrombosis poses 
challenges, digital subtraction catheter angiography emerges 
as a pivotal tool for resolution, avoiding false concerns and 
unnecessary follow-up. 

Pseudoaneurysms and arteriovenous fistulas are seri-
ous, unusual complications and are often linked to surgical 
technique, infection, pancreatitis, or biopsy (Fig. 10). While 
commonly asymptomatic, they pose a high risk of hemor-
rhage and frequently result in graft loss [39]. Color Doppler 
reveals the hallmark to-and-fro yin-yang appearance within 
the pseudoaneurysm. At the same time, arteriovenous fistu-
las may display color aliasing and a distinctive high-velocity, 

Fig. 9  Transplant pancreas arterial stenosis in a 58-year-old patient. a 
Coronal CT Angiogram and b volume-rendered image shows signifi-
cant reduction in caliber of superior limb of the distal end of Y graft 
supplying graft pancreas (arrow)

Fig. 10  Pseudoaneurysm of external iliac artery, after resection of 
pancreas transplant in a 43-year-old patient. a, b Axial and c coro-
nal contrast-enhanced CT shows contrast-filled outpouching (arrow) 
arising from a right external iliac artery (arrowhead) with adjacent 
hypodense thrombus (thin arrow)
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low-resistance Doppler waveform with pulsatile flow in the 
draining vein [40]. On CT angiography, pseudoaneurysms 
manifest as contrast-filled, round, or oval structures emerg-
ing as a saccular outpouching from the artery. An arterio-
venous fistula appears as a connection between a vein and an 
artery, often accompanied by dilation of the segmental vein 
associated with early contrast opacification. Treatment strat-
egies depend on anatomy and size, with small post-biopsy 
fistulas often resolving independently and more significant 
cases requiring endovascular or surgical interventions.

Parenchymal complications

As many as 35% of patients experience mild, self-limited 
pancreatitis, often due to ischemia–reperfusion injury 
(which occurs in all organ transplants in early post-opera-
tive period), or from compromised microcirculation within 
4 weeks of transplant surgery [27, 37]. Risk factors include 
the age of the donor, procurement preservation technique, 
preservation solution content, and quantity, cold ischemic 
time, and organ handling during surgery, with higher rates 
observed with bladder drainage [30]. Pancreatitis beyond the 
immediate postoperative phase is suspected in patients with 
abdominal pain or elevated serum pancreatic enzyme levels. 
It can manifest as graft enlargement and heterogeneity on 
imaging, with peripancreatic fluid and associated adjacent 
bowel wall thickening (Fig. 11). US can reveal other accom-
panying complications such as pseudocyst, vascular throm-
bosis, infarction, and necrosis, while CT and MRI offer 
greater sensitivity and specificity for detecting peritransplant 
collections and associated vascular complications [29].

Acute rejection typically manifests within one week to 
three months after transplantation. The incidence rates fol-
lowing one year of pancreas transplant are 11.4, 9.0, and 
10.9% for recipients aged 18–34, 35–49, and 50–64 years, 
respectively [5]. Diagnosing acute rejection is challenging, 
and early detection is crucial for timely intervention to pre-
vent graft failure. Hyperglycemia, elevated serum amylase, 
and/or lipase levels should raise suspicion for allograft func-
tion loss, although the former tends to be delayed as islet 
cell injury related to rejection causes release of more insulin 
and masking of significant hyperglycemia. Imaging features 
of allograft rejection may not be differentiated from enti-
ties such as pancreatitis [41]. Parenchymal edema, elevated 
PSV, and RI (> 0.8) have been described; however, they are 
not highly specific [4] (Fig. 12). In practice, the major role 
of US and Doppler is to exclude vascular thrombosis and 
guide biopsy, which is the reference standard for diagno-
sis and confirmation of rejection [39]. Chronic rejection 
affects approximately 3.7–11.6% of patients and stands as 
the primary contributor to graft failure beyond six months 
[42]. Patients may present with insidious onset of loss of 

endocrine function and manifest as gradual parenchymal 
atrophy or disappearing pancreas on imaging [1] (Fig. 13).

Post-transplant lymphoproliferative disorder (PTLD), 
another rare long-term complication of pancreas trans-
plantation, has a 25-year cumulative incidence rate of 1.7% 
and a mean time of diagnosis of 1.5 ± 0.5 years [41, 43]. 
While most cases are associated with a preexisting or initial 
Epstein-Barr virus and cytomegalovirus infections, rigorous 
immunosuppressive regimens also contribute to its occur-
rence. The common sites affected are lymph nodes, the cen-
tral nervous system, the liver, the gastrointestinal tract, or 
the allograft [43, 44]. It is also characterized by extensive 
extranodal involvement, observed in 69% of patients [45, 
46]. Imaging manifestation of PTLD includes the presence 

Fig. 11  Graft pancreatitis in a 45-year-old patient. a Gray-scale US 
of right lower quadrant transplant pancreas with heterogenous echo-
texture (arrow) and peripancreatic fluid. b Coronal contrast-enhanced 
CT shows an enlarged, edematous graft pancreas with mild peripan-
creatic fluid (arrow). Transplant kidney (K) in left lower quadrant is 
enlarged, edematous and shows striated appearance consistent with 
acute kidney injury
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of solid masses in the liver and pancreas, lymphadenopathy, 
focal masses in the bowel, or bowel wall thickening, which 
is best depicted on cross-sectional imaging [46, 47]. It can 
often be challenging to diagnose on imaging alone and may 
warrant need of tissue sampling (Fig. 14).

Bowel‑related and miscellaneous complications

Bowel-related complications include small bowel obstruc-
tion, anastomotic leak, extra-enteric abscess, and colitis; 
these occur in 19.4% of cases [48]. Small bowel obstruc-
tion, potentially exacerbated by an enteric-drained pancreas 
allograft placed within the peritoneal cavity, poses a higher 
risk for internal herniation. Internal hernia should be sus-
pected as a cause for obstruction. CT often helps to con-
firm the diagnosis when dilated distal small bowel loops 
are seen behind the graft pancreas or donor duodenum. 
Obstruction caused by adhesions typically manifests in the 
anterior aspect of the abdomen and is generally mild. Other 
less common causes of bowel obstruction include narrowing 
at the enteric anastomosis site (Fig. 15).

Anastomotic leaks, occurring in 2–10% of patients fol-
lowing enteric drainage, pose a risk of intraabdominal infec-
tion and require early recognition to prevent sepsis [43, 48]. 
In enteric-drained transplants for duodenojejunal anasto-
motic leaks, prompt surgical management with revision of 
the anastomosis is necessary to prevent serious complica-
tions and higher rates of graft loss and patient mortality [30] 
(Fig. 16). In bladder-drained transplants, early leaks often 
occur at the site of anastomosis to the bladder, while leaks 
from duodenal stumps manifest much later. Such leaks can 
be identified using conventional cystography or CT cystog-
raphy. Bladder leaks are less severe and are often managed 
by catheterization, but in the presence of peritonitis, conver-
sion to enteric drainage may be necessary. Distinguishing 
leaks from other pancreatitis-related collections can be chal-
lenging, and positive oral contrast material administration 
is recommended for increased diagnostic confidence [49].

Fluid collections, common after pancreas transplanta-
tion, may be detected early or late in the postoperative 
period. While small collections are often clinically insig-
nificant, larger collections may indicate intraabdominal 
infection [43]. Ascites, often present, is typically low in 
volume. The types of intraabdominal collections include 
seroma, hematoma, urinoma, lymphocele, and pseudocyst 

Fig. 12  Acute rejection in a 38-year-old patient. a, b Color and Spec-
tral Doppler US shows elevated RI of 0.86 and 0.84 in the artery at 
the site of anastomosis and mid-pancreatic artery. c Axial CECT 
shows transplant pancreas (arrow) and kidney (K) in the right and left 
lower quadrants respectively- however, the transplant pancreas shows 
homogenous contrast enhancement. d US-guided biopsy with tip of 
16 Fr needle within the hypoechoic pancreas (arrowhead). Histopa-
thology: Grade 1 acute T cell-mediated rejection

▸
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[2]. The presence of internal echoes on US, higher attenua-
tion on CT, and higher intensity on T1-weighted images on 
MRI can identify hematomas. Percutaneous image-guided 
aspiration is useful for diagnosis and management. Surgi-
cal site infection can occur in up to 50% of patients, most 
cases being superficial and treatable with antibiotics [19]. 
However, deep infections are associated with more sig-
nificant morbidity, graft loss, and mortality. These infec-
tions, caused by bacteria or fungi, may be diffuse in 50% 
of the cases [19]. Localized abscesses can be managed 
with percutaneous drainage alone; however, laparotomy 
and drainage may sometimes be required [30] (Fig. 17).

Fig. 13  Chronic rejection in an 88-year-old patient. a, b Coronal and 
axial contrast-enhanced CT in a patient who underwent SPK 9 years 
ago, shows atrophy of transplant pancreas (arrows) previously seen in 
the right lower quadrant

Fig. 14  Necrotizing and hemorrhagic pancreatitis mimicking post-
transplant lymphoproliferative disorder in a 40-year-old patient. a 
Coronal T2 fat sat image, b contrast-enhanced CT and c whole-body 
FDG PET images shows areas of heterogeneity (arrow), hypoen-
hancement (arrow) and FDG avidity (arrow) respectively in the infe-
rior aspect of transplant pancreas suspicious for necrotizing pancrea-
titis v/s post-transplant lymphoproliferative disorder. d CT-guided 
biopsy of transplant pancreas where four 18-gauge samples were 
obtained. Histopathology: acute arterial and venous thrombosis with 
necrotizing and hemorrhagic pancreatitis
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Reporting checklist

Imaging is crucial in routine surveillance of the graft pan-
creas and in accurately identifying transplant-related com-
plications. Radiologists require comprehensive knowledge 
of surgical anatomy and the typical postoperative imaging 
appearance of pancreas transplants to effectively identify 
and diagnose abnormal postoperative findings. Integrating 
a transplant evaluation checklist into imaging and report-
ing practices can enhance the evaluation process, facilitate 
standardized protocols, and improve accuracy in diagnosing 
and managing transplanted pancreas (Table 1).

Islet transplantation

Islet transplantation (IT) has evolved as a promising alterna-
tive for treating type 1 diabetes in patients who have experi-
enced complications such as severe recurrent hypoglycemic 
episodes, labile glycemic control, and early secondary com-
plications despite receiving insulin injections for manage-
ment [46, 50]. The main aim of islet cell transplantation is to 
help patients achieve insulin independence to some degree 
[51]. Success rates range from 20 to 90% across different 
centers, with the center’s experience playing a significant 

role. However, insulin independence from islet cell infusion 
isn’t permanent. Patients typically need another round of 
infusion around every three years to sustain independence. 
Beta cells can still function to some extent for up to five 
years post-infusion. IT is currently utilized in clinical prac-
tice, but the process of harvesting, preserving, and infusing 
cells is evolving with ongoing discoveries from experimental 
research. This ongoing development aims to achieve more 
consistent and lasting outcomes in clinical applications [52]. 
Accurate imaging plays a crucial role in the islet transplan-
tation procedure, including pre-transplantation assessment, 
post-transplantation monitoring, and evaluation of the pro-
cedure’s long-term effects.

Transplantation procedure

Islets are isolated from the donor by detaching the duode-
num, spleen, lymph nodes, vessels, and peri-pancreatic fat 
from the pancreas. The head of the pancreas is then tran-
sected, and catheters are inserted into the main pancreatic 
duct. The pancreas is perfused with a collagenase solu-
tion, undergoes cold perfusion, and is sliced into smaller 
pieces before being placed into a chamber. An enzymatic 
solution is infused into the chamber, and temperature is 

Fig. 15  Small bowel obstruction in a 45-year-old patient on 34th 
postoperative day after SPK. Coronal contrast-enhanced CT shows 
ascites and multiple dilated fluid-filled small bowel loops (arrows) 
with a transition point at the duodenojejunostomy site (arrowhead)

Fig. 16  Anastomotic leak in a 42-year-old patient on 22nd postopera-
tive day after SPK. a Coronal and b axial CECT shows extraluminal 
fluid (arrow) and air (arrowhead) in the region of pancreas-bowel 
anastomosis
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manipulated until islets are cleared from acinar tissue. 
Islets are collected, stained with dithizone, and verified for 
purity, viability, potency, and stability. Islets must be infused 
within 72 h of harvesting for optimal survival. Donor islets, 
not exceeding 5 ml, are diluted with heparin and lactated 
Ringer before implantation. During imaging-assisted per-
cutaneous transhepatic islet transplantation, purified islets 
extracted from the deceased donor’s pancreas are instilled 
into the recipient’s liver via the portal vein [53]. This tran-
shepatic approach has been preferred because the liver is a 
significant site of insulin action, its regenerative ability, dual 
blood supply (hepatic artery and portal vein), and possible 

immunologic protection for engrafted islets [54]. The por-
tal vein is easily accessible and offers consistent access for 
infusion. The infusion process takes about 15 min, with por-
tal vein pressure monitored to ensure it stays at or below 
22 mmHg. Gelatin sponges and/or coils are placed into the 
cannulation site once the infusion is complete (Fig. 18).

Pre‑transplantation imaging

In pre-transplantation imaging, a risk–benefit analysis is 
necessary due to the requirement of permanent immunosup-
pressive therapy, which carries higher risks of malignancy 
and severe infections. Screening with imaging, including 
cross-sectional imaging techniques and Doppler US, is 
employed to detect any preexisting abnormalities that could 
complicate or preclude transplantation [55]. These abnor-
malities include infections (e.g., pneumonia, empyema), 
malignancy, focal liver lesions such as hemangioma, paren-
chymal liver disease such as cirrhosis or hepatic steatosis, 
and portal vein abnormalities such as thrombosis or portal 
hypertension.

Post‑transplantation imaging

Post-transplantation imaging is essential for monitoring 
complications that may arise from the presence of grafted 
islet cells or adverse effects related to immunosuppressive 
therapy. Immediate or early complications include hemor-
rhage, which can occur in the subcapsular or intraparenchy-
mal aspect of the liver or within the peritoneal or pleural 
cavities. Effective sealing of the intraparenchymal liver tract 
can prevent this complication [56]. Portal vein thrombosis 
represents the second most common early complication, 
occurring in approximately 3% of cases [57]. While com-
plete portal venous thrombosis is rare, it requires urgent sur-
gical intervention. Other complications may involve arterio-
venous fistula, trauma to adjacent structures (gallbladder, 
biliary tree), or pleural trauma resulting in pneumothorax 
or hemothorax [58].

Late complications can include hepatic steatosis [59], 
which can be focal or diffuse but more commonly peripor-
tal and perivenular patterns resulting from the paracrine 
action of insulin secreted by transplanted islets promot-
ing esterification of free fatty acids within hepatocytes 
[59]. It is not associated with elevated liver function or 
an inflammatory response [59] (Figs. 19 and 20). Hepatic 
steatosis following intraportal islet transplantation is 
observed in approximately 20% of C-peptide-positive 
individuals and 10% of those who have achieved insulin 
independence. The resolution of steatosis with graft func-
tion loss suggests a link between hepatic steatosis and 
functioning islets. However, it remains unclear whether 
islets in patients with steatosis are healthy or stressed [59]. 

Fig. 17  Intrapancreatic and abdominal wall abscesses in a 50-year-
old patient 30th postoperative day after SPK. a Coronal and b axial 
contrast-enhanced CT shows peripheral rim-enhancing collection 
with gas within (arrow) within the transplant pancreas and a similar 
rim-enhancing collection with gas within in the midline subcutaneous 
region  of anterior abdominal wall at the level of umbilicus (arrow-
head)
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Long-term immunosuppressive therapy with sirolimus can 
lead to the development of ovarian cysts in women, which 
may require surgical excision  [60]. Sirolimus therapy 
also increases the risk of nephrotoxicity and perinephric 
edema, though the long-term effects on renal function 
are currently unknown [61]. Routine post-transplantation 
imaging surveillance is performed to detect early compli-
cations. It may include color Doppler abdominal US the 

day after the implantation, followed by an examination at 
regular intervals, such as annually [53]. Contrast-enhanced 
CT or MRI examinations could also be used for problem-
solving in selected cases.

Table 1  Imaging checklist for 
pancreatic transplant evaluation Clinical information: Relevant clinical details which needs to be acquired either before image acquisition 

(particularly before ultrasound) or at least before image interpretation
• Graft type (SPK vs. PAK vs. PTA)
• Presence of key variable elements of surgical technique
 o Graft location (Right, midline, or left abdomen)
 o Venous drainage (Transplant portal vein to recipient systemic vein or portal system)
 o Exocrine drainage (Duodenojejunostomy or duodenocystostomy)

• Key clinical concern
Image interpretation
• Pancreatic transplant parenchyma
 o Location within the abdomen
 o Parenchymal morphology and duct caliber
 o Size
o Peri-transplant region

• Arterial inflow
 o Y-graft anastomosis
 o Intra-pancreatic flow

• Venous outflow
 o Graft SMV and SV confluence forming graft PV
 o Graft PV to recipient portal or systemic vein anastomosis

• Exocrine outflow
 o Pancreatic duct caliber
 o Duodenojejunostomy or duodenocystostomy

• Other relevant areas
 o Kidney transplant (if present)
 o Collection/inflammation within the abdominopelvic cavity or related to the surgical site
 o Remaining viscera, as applicable and as visualized (for example, bowel obstruction)

Fig. 18  Illustration of islet 
transplantation. Isolated islet 
cells from a deceased donor 
pancreas are infused into the 
recipient’s liver with the tip of 
the cannula in the main portal 
vein immediately proximal to its 
confluence
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Islet transplant graft imaging

Currently, no imaging method has been established to track 
the viability and mass of transplanted islets following intra-
portal islet transplantation. However, imaging modalities 
hold promise for monitoring the fate of islet grafts. Due to 
their small size, low density, and deep abdominal location, 
imaging of implanted islets can be challenging [55]. Never-
theless, islets labeled with 18F-fluorodeoxyglucose (FDG) 
have been successfully visualized using positron emission 
tomography (PET) [62, 63]. Promising PET/single-photon 
emission computed tomography (SPECT) markers such 
as  [11C] 5-hydroxytryptophan and radiolabeled exendin 
are being investigated for labeling viable pancreatic islets 
[57, 59]. MRI has shown the ability to image islets labeled 
with superparamagnetic iron oxide (SPIO). SPIO-labeled 
islets appear as hypointense regions dispersed within the 
liver parenchyma with possible detection up to 6 months 
post-transplantation [64, 65]. The disappearance of these 
hypointense spots correlates with graft loss [66]. While MRI 
has limited sensitivity in detecting islets compared to PET, 
it offers superior spatial resolution. However, commercially 
available SPIOs are not efficiently taken up by islet cells, 
requiring further development of SPIO nanoparticles.

Conclusion

Imaging plays an important role in routine surveillance fol-
lowing pancreatic transplantation, as well as in the evalua-
tion of common and uncommon complications. The most 
commonly used imaging techniques are ultrasound, CT, 
and MRI. Knowledge of normal imaging appearance of 
pancreas allograft and manifestations of various complica-
tions is essential for early diagnosis and timely intervention. 
An imaging reporting checklist will be helpful for detailed 
assessment and standardization. Islet transplantation offers 
a promising solution for type 1 diabetes complications, and 
imaging plays a crucial role in pre-transplant evaluation, 
post-transplant monitoring, and long-term effects assess-
ment. While current methods lack specificity for tracking 
islet mass, promising PET and MRI techniques are being 
developed, and the advancement of such techniques can 
potentially improve transplantation outcomes.
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Fig. 19  Periportal hepatic steatosis in a 65-year-old patient after islet 
transplantation. Gray-scale US image of right lobe of liver shows 
patchy periportal hyperechogenicities suggestive of fatty infiltration

Fig. 20  Multifocal patchy hepatic steatosis in a 26-year-old patient 
after islet transplantation. Axial a in-phase and b out-of-phase MRI 
images show multiple patchy areas of signal drop on out-of-phase 
images (arrows) in both hepatic lobes
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