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Abstract
Pancreas transplantation is considered the curative treatment for severe type 1 diabetes mellitus in selected cases. Since the 
first procedure in 1966, surgical techniques have been improved. The current trend among most medical centers, as well as 
at our Institution, is enteric drainage and systemic venous or portal anastomosis. The aim of this pictorial essay is to describe 
the main imaging features of pancreatic transplantation with duodenoduodenostomy drainage.
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Introduction

Pancreas transplantation (PT) is an established therapy for 
severe type 1 diabetes mellitus characterized by end-stage 
renal failure complications or, less often, for poorly con-
trolled blood glucose. Ever since the first procedure in 1966, 
surgical techniques, as well as immunosuppression and anti-
microbial prophylaxis, have been improved [1].

Bladder drainage of exocrine secretions (duodenocysto-
stomy) was replaced by enteric drainage which is currently 
considered the standard technique [2]. Most centers employ 
enteric drainage with jejunum. At our Institution, between 
2010 and 2018, the enteric anastomosis was duodenoduo-
denostomy (Fig. 1). The aim of this essay is to describe the 
normal pancreas graft imaging features with enteric drain-
age by duodenoduodenostomy as well as the main surgical 
complications.

Technical description of pancreatic 
transplantation—retroperitoneal position 
with duodenoduodenostomy drainage

The pancreas allograft is harvested with the donor duode-
num and vascular support. The organ is placed into a fully 
retroperitoneal position, in which the pancreas is upright 
with the head in a cephalic position, and employs the duode-
noduodenostomy bypass, at the level of second/third portion 
of the native duodenum (latero-lateral duodenoduodenos-
tomy), which is associated with a lower rate of intestinal 
obstruction and provides an additional pathway for biopsy 
(endoscopic) [1, 3].

In PT with exocrine duodenoduodenostomy drainage, 
there are two types of venous anastomosis that can be per-
formed through systemic vein (SV) or portal vein (PV). In 
the SV technique, the graft portal vein, normally with a very 
small neck, is anastomosed to the recipient inferior vena 
cava. In the PV technique, the graft portal vein is connected 
to the recipient superior mesenteric vein (Fig. 2) [4]. Anas-
tomosis with recipient inferior vena cava allows a greater 
proximity between the duodenum of the recipient and donor, 
which reduces the incidence of vascular thrombosis [1].

The arterial blood supply of the pancreas graft is usually 
performed after Y grafting between the superior mesenteric 
and splenic arteries with a segment of the bifurcation of the 
donor’s iliac artery, and thereafter a termino-lateral vascular 
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anastomosis of the Y is performed with the common or 
external recipient iliac artery [5, 6].

Normal imaging appearance of pancreas 
transplants

Different imaging modalities are used to evaluate the vas-
cular and enteric anastomosis and the parenchyma of the 
pancreas graft. Doppler ultrasound (US) and computed 
tomography (CT) are the most commonly used methods. 
Magnetic resonance imaging (MRI) and computed tomog-
raphy angiography (CTA) are reserved for selected cases.

Normal appearance of a pancreas transplant on US is a 
homogeneous soft-tissue structure that is hypoechoic rela-
tive to adjacent mesenteric fat. Color and power Doppler US 
can demonstrate pancreas transplant perfusion and vascular 
anatomy, with good accuracy in the detection of venous and 
arterial stenosis or occlusions (Fig. 3). Arterial waveforms 
normally show a rapid systolic upstroke and continuous dias-
tolic blood flow. Venous structures demonstrate a monopha-
sic waveform within an anechoic lumen in the PV technique. 
However, it is not uncommon to observe a diffuse narrowing 
of the donor PV to the anastomosis site and this may result 
in relative flattening of the venous flow waveform. In pan-
creatic graft with SV drainage, a slight degree of cardiac 
phasicity may occur in the venous flow waveform [6, 7].

At unenhanced CT, the allograft appears as a homogene-
ous soft-tissue structure that may be isoattenuating and dif-
ficult to distinguish from hypoattenuating and nondistended 
bowel. The duodenum stump is often collapsed with a thick 
wall (Fig. 4). CTA is acquired in a multiphasic mode: angio-
graphic and parenchymal arterial acquisitions, portal, and 
late phases. Contrast-enhanced CT demonstrates uniform 
enhancement of the normal pancreatic parenchyma and it is 
similar to native pancreas in all dynamic phases. The evalua-
tion of the arterial anastomosis usually presents no obstacles 
once these vessels tend to be large and long. However, veins 
may be difficult to assess, especially when the pedicle is 
short (SV) or thin (PV), which is a more frequent aspect in 
the anastomosis with the inferior vena cava. Controversially, 
in these situations, the CT arterial phase or Doppler US may 
be a better tool than CT venous phase for the characteriza-
tion of this vein. (Fig. 5). 

Regarding MRI, graft appearance is the same as the 
native pancreas in all sequences (Fig. 6) [8].

Complications

In patients with troubleshooting complications, imaging is 
indispensable and usually more than one method is used. 
The combination of Doppler US and Angio-CT is suc-
cessful in most cases. Post-operative complications shall 

Fig. 1   Aspect of the portal-duodenal drainage technique of pancreas transplantation: a Schematical, b Surgical aspect and c CT coronal MIP. 
Normal appearance of the pancreatic graft (*) and stump duodenal (**) with venous anastomosis (arrow) and arterial anastomosis (arrowhead)



481Abdominal Radiology (2020) 45:479–490	

1 3

be classified according to their anatomical origin, between 
vascular and non-vascular [9], or in either early or late surgi-
cal time relationship. Generally, in the early post-operative 
period, the main objective is to rule out technical complica-
tions such as either arterial or venous thrombosis (estimated 
at 9%) or acute rejection (estimated at 22%). In the late post-
operative period, pancreatitis or immunological complica-
tions related to chronic rejection (estimated at 28.8%) are the 
most feared issues [2].

Intra‑abdominal fluid collection

Intra-abdominal fluid collections (abscesses, seroma, 
hematoma, lymphocele, pseudocyst or ascites) are common 
complications after PT and may occur early or at a later 
post-operative period (Fig. 7). In the presence of fluid in the 
cavity, attention shall be given to the possibility of an enteric 
anastomotic dehiscence or a pancreatic duct fistula second-
ary to focal pancreatitis, or ischemia that results in ductal 
rupture which may result in the development of a pseudocyst 

or arterial pseudoaneurysm. The use of positive oral contrast 
may be helpful (Fig. 8) [10].

Bowel complication

The rate of intestinal complications following PT, which 
usually includes bowel obstruction, enteric leakage, and 
enteric anastomotic bleeding, is roughly 7%. Dehiscence in 
the stump duodenal anastomosis may result in fistula, with 
extravasation of pancreatic juice, focal chemical peritonitis, 
and fluid collection. Intestinal obstructions may occur by 
adhesions, volvulus or internal hernia (Fig. 9) [11].

Rejection and pancreatitis

Rejection is the most common cause of overall graft loss 
[5]. Serum markers are non-specific. Rise of serum pancre-
atic enzyme is the most common presentation in rejection 
and patients are usually asymptomatic [12, 13]. Rejection is 
classified as hyperacute (up to 24 h), acute (from first 24 h 

Fig. 2   Normal appearance of the pancreatic graft (*) with portal and 
systemic venous anastomosis on CT scan. a, b Coronal and axial 
reformatted CT with maximum intensity projection show the normal 

portal anastomosis (arrowhead). Axial and sagittal CT c, d show the 
normal appearance of systemic vein anastomosis on CT scan with 
inferior vena cava (arrow)
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to 3 months), subacute (from 3 to 6 months) or chronic (> 
6 months). Imaging findings in hyperacute/acute/subacute 
rejection are non-specific and may reveal gland enlarge-
ment/swelling, peripancreatic transplant inflammation, and 
heterogeneous enhancement on CT or MRI, and sometimes 
observe peripancreatic fluid and duodenal edema (Fig. 10) 
[5, 14].

In chronic rejection, a thickening of vessel wall and 
occlusion of the circulation and fibrosis is observed, which 
results in pancreatic atrophy, sometimes with areas of infarc-
tion and necrosis in the parenchyma or collections in the 
surgical bed of the parenchymal graft (Figs. 11, 12) [5, 14, 
15]. The diagnosis may be challenging because the clinical 
and laboratorial are non-specific. Currently, the gold stand-
ard criteria used for the diagnosis of rejection is graft biopsy.

Graft pancreatitis without association with an anatomi-
cal, immunological or infectious cause is uncommon and 
estimated to be around 4%. Elevation of serum pancreatic 
enzyme associated with inflammation of pancreas graft and 
perigraft tissue, without evidence of another anatomical 
abnormality on CT, is the classical described scenario for 
this pathology. However, this wide variation lies in the over-
lapping of imaging findings with other complications such 

as rejection. For that reason, some authors argue that graft 
pancreatitis is a diagnosis of exclusion, defined only after 
performing biopsies that exclude rejection (Fig. 13) [13].

Vascular complications

Vascular complications are the most common cause of early 
graft failure. Venous and arterial thrombosis are the most 
frequent complications (incidence up to 40%). Other com-
plications are arteriovenous fistulas, stenosis, and kinking 
of the Y-graft [16].

In both arterial and vein acute thrombosis, there is an 
increase in the vessel lumen diameter, luminal throm-
bus, and vessel’s wall enhancement, occasionally with 
absence or reduction of parenchymal perfusion, which 
it may occur areas of necrosis and perigraft collections 
(Fig. 14) [9]. On the Doppler US, the parenchyma tends 
to become hypoechogenic and heterogeneous. In pan-
creas venous graft acute thrombosis there is an increased 
diameter of the vessel lumen and thrombus may be ane-
chogenic (recent/acute). In chronic venous thrombosis, 
reduced diameter of the vessel lumen and thrombus echo-
genic (old/chronic) is observed. In venous thrombosis, 

Fig. 3   Normal appearance of the pancreatic graft on ultrasound. a B-mode US shows a homogeneous low-level pancreatic parenchymal echotex-
ture. b Color Doppler US with preserved vascularity of the parenchyma. c, d Arterial and venous Y-graft, respectively
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Fig. 4   Normal aspect of the duodenal drainage of pancreas transplantation on CT scan (yellow: pancreas; red: stump duodenal with surgical sta-
ples; green: duodenal bowel receptor). Sagittal oblique reformatted (a) and axial (b and c) CT scan demonstrates enteric exocrine drainage

Fig. 5   Normal appearance of 
the pancreatic graft (*) with 
venous anastomosis (arrow). CT 
arterial phase may demonstrate 
a better characterization of the 
small vein. Sagittal (a, b) and 
axial (c, d) CT images show the 
normal appearance of systemic 
vein anastomosis on CT scan 
with inferior vena cava (arrow)



484	 Abdominal Radiology (2020) 45:479–490

1 3

there is no venous flow and it may lead to reverse dias-
tolic arterial flow in Doppler [17]. On CT without contrast, 
in some cases, a hyperattenuation and increased vessel 
caliber may be seen, a finding that may represent acute 
thrombosis (Fig. 15) [9]. In the radiological report, it is 

important to mention whether thrombosis is complete or 
partial; whether there is or not an alteration in the perfu-
sion of the parenchyma, and in which vessel the throm-
bus is located: peripheral (very distal vessel), intermedi-
ate (either parenchymal vessels or trunk of the splenic or 

Fig. 6   Normal appearance of 
the pancreatic graft on MRI. 
a Axial T1-weighted fat sup-
pressed MRI image shows 
the usual hyperintense of the 
pancreatic parenchyma (white 
arrows). b, c Axial T2 and 
fat suppressed T2-weighted 
MRI show hypointense signal 
(arrow). d Coronal contrast 
shows homogeneous enhance-
ment after intravenous adminis-
tration of the contrast medium 
(arrow). The appearance is the 
same as the native pancreas in 
all sequences

Fig. 7   a, b Ultrasound images 
show anechoic fluid collec-
tions (arrowhead) perigraft (*). 
c Coronal enhanced CT scan 
demonstrates the collections 
(arrow) perigraft (*)
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Fig. 8   Peripancreatic pseu-
docyst. Case 1: a B-mode 
US image shows a cyst with 
heterogeneous contents (arrow). 
b Axial unenhanced CT scan 
demonstrate the pancreatic 
pseudocyst (arrow) adjacent to 
pancreatic graft (dotted line). 
Case 2: B-mode US (c) shows 
anechoic fluid collections (*) 
perigraft. Axial reformatted d in 
the portal venous phase shows 
fluid collection (white arrows)

Fig. 9   Bowel obstruction caused by intra-abdominal adhesions. Axial CT in venous phase (a) shows small bowel distention and a normal pan-
creatic graft (*). Axial (b) and sagittal (c) CT reveal an abrupt change in caliber in the mesogastrium (white arrows)
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Fig. 10   Acute rejection of the pancreatic graft. Ultrasound image 
(a) shows an  increase  of the  size and echogenicity of the pancreas 
graft (*) on B-mode with preserved arterial flow on spectral Doppler 
evaluation (b). Axial (c) and coronal reformatted (d) angiography CT 

scans reveal patent arterial (black arrow) and venous anastomosis 
(arrowheads), adjacent perigraft fluid collections, and fat stranding 
(white arrows)

Fig. 11   Chronic rejection of the pancreatic graft. Ultrasound (a) 
shows an increase of the echogenicity and atrophy  of the gland (*) 
with thickening of vessel wall (white arrowhead). Coronal reformat-
ted angiography CT with maximum intensity projection (b) shows 

normal appearance of the arterial (curved arrow) and venous anasto-
mosis (white arrow) of the pancreas graft, with reduced size of the 
pancreatic parenchyma (arrowheads)
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mesenteric vein or trunk of the superior mesenteric artery 
or splenic artery) or central (portal vein or arterial graft) 
[16].

Arterial pseudoaneurysms are usually secondary to 
infections or procedures. Early diagnosis is important due 
to the risk of rupture and bleeding. On Doppler US, there 
is an oval image adjacent to the pancreas graft or vessels 
involved in anastomotic, anechoic or heterogeneous, with 
biphasic pattern flow (to-and-fro), demonstrating a swirling 
pulsatile color Doppler pattern that has been linked to the 
classic idea of “yin and yang”. In CT and MRI, there is an 
intense arterial enhancement and it is occasionally possible 

to characterize communication with the vessels of the pan-
creas graft (Fig. 16) [17, 18].

Conclusion

Prior knowledge of normal imaging features of the pancreas 
graft as well as the complications related specifically to a PT 
with enteric drainage are fundamental prerequisites for an 
accurate contribution to the diagnostic investigation and to 
support medical decision-making.

Fig. 12   Chronic rejection of the pancreatic graft. Case 1: Ultrasound 
(a) depicts parenchymal heterogeneity with diffuse enlargement of 
the pancreatic graft (dotted line). Coronal CT (b) shows extensive 
areas of pancreatic parenchyma necrosis and irregularities in the 

artery (arrows). Case 2: Coronal reformatted (c) and axial CT (d) 
in the arterial phase show fluid collection/necrosis (white arrows) 
replacing the pancreas graft parenchyma, with peripheral contrast 
enhancement and fat tissue stranding (arrowhead)
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Fig. 13   Pancreatitis necrohemorrhagic of the pancreatic graft. a–c CT images show the presence of a patchy fluid collection and obliteration of 
peripancreatic fat planes. d Aspect of surgical pathology specimen of necrotizing pancreatitis. The graft vein and artery are patents (arrowhead)

Fig. 14   Venous anastomo-
sis thrombosis. a, b Coronal 
and axial CT demonstrate 
thrombosis of the graft vein 
with superior mesenteric 
vein anastomosis (arrows), 
with non-enhancement of the 
parenchymal graft and area of 
necrosis (dotted line). Sagittal 
(c) and Axial (d) CT on venous 
phase show systemic venous 
anastomosis with thrombosis 
of the graft vein extending into 
the inferior vena cava (white 
arrow and arrowhead) with graft 
edema and areas of necrosis (*)
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Fig. 15   Different cases of 
arterial acute thrombosis with 
pancreatic graft necrosis. Color 
Doppler US (a) demonstrates 
thrombus and undetectable 
flow in the artery branches of 
the graft. Sagittal and axial 
CT (b) without contrast show 
a mild hyperattenuation and 
increased vessel caliber, a find-
ing that may represent an acute 
thrombosis (arrow). Coronal 
CT (c) shows thrombus of the 
distal stump of the superior 
mesenteric artery of the donor 
(arrow). Coronal CT MIP on 
the late arterial phase (d) shows 
thrombus in the graft artery 
near the anastomotic site with 
the right common iliac artery 
(white arrow)

Fig. 16   Arterial pseudoaneu-
rysm. Schematics (a), Axial, 
and Coronal CT on arte-
rial phase (b, c) show active 
extravasation of the contrast 
(arrowhead) with a large 
hematic collection (*) at the 
level of the vascular anastomo-
sis of the pancreatic graft with 
the right common iliac artery
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