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22.1	 �Introduction

Diabetes mellitus (either overt or undiagnosed) is 
the principal indication for pancreas transplanta-
tion. In the USA in 2015, an estimated 30.3 mil-
lion people, equivalent to 9.4% of the population, 
had diabetes mellitus (DM) with 5–10% having 
type 1 diabetes mellitus (T1DM) [1]. Diabetes is 
also the most common cause of end-stage renal 
failure, blindness, and a major contributing factor 
for peripheral vascular and coronary artery dis-
ease [2, 3]. Administration of exogenous insulin 
is an effective treatment for T1DM and selected 
patients with type 2 diabetes, and tight control of 
blood glucose levels reduces or slows down com-
plications [4]. However, large fluctuations in levels 
of glucose (including hypoglycemia) remain seri-
ous concerns particularly in T1DM, and annual 
mortality rates of up to 3–6% have been attributed 
to insulin-related hypoglycemic crises [5].

Pancreatic transplantation improves quality 
of life and is potentially curative for patients 
who are insulin-dependent, because of type 1 or 

type 2 DM, or following total pancreatectomy. 
In the long term, it prevents, arrests, or reverses 
the onset or progression of DM complications 
and restores hypoglycemic counter-regulation 
[6]. At the molecular level, circulating microR-
NAs associated with diabetic nephropathy and 
systemic microvascular damage are normalized 
after simultaneous pancreas-kidney transplan-
tation [7].

22.1.1	 �History and Outcomes 
of Pancreas Transplantation

The history of pancreas transplantation, 
reviewed elsewhere in detail [8, 9], is inextri-
cably intertwined with the history of DM. The 
first human pancreas transplant (combined with 
a renal transplant) was performed in 1966 by 
Kelly and colleagues [10]. Between the first 
pancreas transplant in 1966 and the end of 2011, 
the International Pancreatic Transplant Registry 
(IPTR) recorded over 27,000 pancreas trans-
plants in the USA, and more than 15,000 else-
where in the world [5, 11]. The annual number 
of transplants in the USA peaked between 2002 
and 2005 at over 1400, and then decreased by 
20% between 2005 and 2014. In 2017, adult 
transplant recipients numbered 971, including 
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retransplants, of which over 80% were simul-
taneous pancreas-kidney (SPK) transplants, 8% 
pancreas after kidney (PAK), and 10% pancreas 
transplants alone (PTA) [3, 12].

In the USA at present, five-year patient sur-
vival rates are 93% for SPK, 91% for PAK, and 
78% for PTA recipients, respectively, whereas 
five-year graft survival rates are 73% for SPK, 
65% for PAK, and 53% for PTA [3].

22.1.2	 �Indications for Pancreas 
Transplantation 

According to the OPTN/SRTR 2017 Annual Data 
Report, approximately 80% of transplants are 
performed for T1DM, 14% for T2DM, and 6% 
for “other” indications (e.g., chronic pancreatitis, 
benign neoplasms) [12, 13]. The type of pancreas 
transplant procedure depends on several clinical 
factors [3, 5]. Patients with dialysis-dependent 
advanced renal disease and insulin dependence 
undergo SPK, freeing them from both dialysis and 
insulin therapies. However, if the patient receives 
a kidney from a living donor, this may be followed 
by a PTA.  Patients who have previously under-
gone renal transplantation and have brittle DM and 
secondary complications, including in the renal 
allograft, are candidates for PAK. Pancreatic trans-
plant alone (PTA) is reserved for patients suffering 
from brittle DM with preserved renal function.

22.1.3	 �Alternatives to Whole 
Pancreas Transplantation

The principal alternatives to whole pancreas trans-
plantation are islet cell transplantation and living 
donor pancreas transplants, omitting the more 
exotic xenotransplants and bionic pancreata [14].

22.1.3.1	 �Islet Cell Transplantation
A total of 1086 allogeneic islet cell transplants 
were performed between 2002 and 2015 [15]. 
Islet cell transplantation in patients with TIDM 
has been successful recently in achieving insu-
lin independence in over 50% of well-selected 
patients at 5  years and can be considered in 
patients at high cardiovascular risk, those reluc-

tant to undergo abdominal surgery, or in selected 
non-uremic patients with a low body mass and 
low insulin requirements [16]. Drawbacks 
include a reduced chance of achieving insulin 
independence (50% vs. 70% in SPK at 5 years), 
a continued need for immunosuppression (albeit 
at reduced dosages), and the need for 2–4 donors 
per transplant [14]. Autologous islet cell trans-
plants, extracted predominantly from pancreata 
of patients with chronic pancreatitis, cumula-
tively numbered 819 between 1999 and 2015 [17]. 
Insulin independence rates following autologous 
islet cell transplantation show considerable vari-
ability, related to age and other factors [17].

22.1.3.2	 �Living Donor 
Transplantation 

Since 1979, the year of the first living donor seg-
mental pancreas transplant, over 160 have been 
performed globally [18]. Advantages include 
shorter waiting times and improved outcomes, 
particularly if the recipient is highly sensitized. 
Furthermore, it provides an opportunity for a 
simultaneous pancreas-kidney transplant from 
the same donor. Drawbacks include hyperglyce-
mia (or overt diabetes) in the donor (mandating 
careful selection) and surgical complications in 
both donor and recipient [18–20].

22.2	 �Role of the Pathologist 
in Pancreas Transplantation

Pancreas transplants are broadly separated into 
whole/segmental organ transplant and islet trans-
plant. Pathologists are principally involved in the 
assessment of the former. That said, pancreas 
allografts in the setting of simultaneous pancreas-
kidney (SPK) transplant are infrequently biop-
sied in most centers. The pathologist has several 
important responsibilities in the management of 
whole pancreas transplantation. These include 
the interpretation of post-transplant core biop-
sies, obtained by CT or ultrasound. The primary 
indications for biopsy are concerns over rejec-
tion, heralded by an elevated serum amylase and/
or lipase, or falling urinary amylase in bladder-
drained allografts. However, as in liver and kidney 
transplantation, the biochemical alterations are 
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relatively non-specific, and biopsy is very use-
ful to distinguish acute rejection from other pro-
cesses. Another critical role of the pathologist is 
assessment of the failed allograft at the time of 
re-transplantation or post mortem examination. In 
most centers, biopsies are not obtained to evalu-
ate the donor organ at the time of transplantation 
(although this may be performed for the kidney in 
SPK procedures). Another important responsibility 
of the pathologist is the detailed examination of the 
native pancreas explant, which can follow avail-
able protocols [21–23] (see also Chaps. 2 and 3).

The role of pathologists in islet cell trans-
plantation is limited. There may be occasions to 
examine the allograft such as post mortem or to 
assess the liver or other organs for concomitant 
abnormalities [24, 25].

22.3	 �Pathologic Alterations 
Related to Operative 
Complications, 
and Examination 
and Findings in Failed 
Allografts

22.3.1	 �Surgical Procedure 
of Pancreas Transplantation

A brief review of the surgical procedure of whole 
organ pancreatic transplantation is relevant to 
understanding the complications, and for optimal 
handling and examination of the failed allograft. 
The entire graft consists of the pancreas per se, 
the attached segment of donor duodenum, the 
venous and arterial anastomoses, and a route for 
drainage of exocrine secretions [20, 26].

The venous anastomosis is established with 
the recipient’s systemic or portal venous sys-
tem. At present, 80–90% of transplants are per-
formed with the systemic venous drainage from 
the pancreatic portal vein connected to the right 
common or external iliac vein or the inferior 
vena cava. The advantage of this approach is its 
relative simplicity. The principal disadvantage is 
peripheral hyperinsulinemia that may promote 
insulin resistance and increased atherosclerosis.

The arterial anastomosis is more complex 
and involves the preparation of a Y-graft from the 

donor common, external, and internal iliac arter-
ies, followed by anastomosis of its two peripheral 
branches to the donor superior mesenteric and 
splenic arteries. The final step is the surgical con-
nection of the main segment of the Y-graft to the 
recipient common iliac artery or aorta.

Drainage of the exocrine secretions occurs 
via the urinary bladder or small bowel. Although 
the former was previously preferred, at pres-
ent over 80–90% of pancreatic transplants utilize 
enteric drainage. The donor “C” loop of duode-
num attached to the pancreas is anastomosed to the 
recipient small bowel, most often without a Roux-
en-Y. This shift in drainage to the enteric route was 
driven by the side effects of urinary bladder drain-
age, which include reflux pancreatitis, metabolic 
acidosis, dehydration, and hematuria. These disad-
vantages outweigh the potential benefit of monitor-
ing for allograft rejection by reductions of urinary 
amylase in pancreas transplant alone (PTA) and 
pancreas after kidney (PAK) transplant recipients.

22.3.2	 �Surgical Complications 
of Pancreas Transplantation

The principal surgical complications are vas-
cular thrombosis of the graft, bleeding, anasto-
motic leaks, fluid collections in the abdomen, and 
infections, including pancreatitis. These remain 
significant issues compared to transplantation 
of other solid organs. In the 1980s, graft failure 
rates caused by technical issues hovered around 
25%, but currently are below 10% [27, 28].

22.3.3	 �Vascular Thrombosis

Large venous or arterial thrombosis remains the 
chief cause of non-immunological allograft loss, 
with enteric-drained pancreas after kidney (PAK) 
and pancreas transplant alone (PTA) patients at 
greatest risk [29]. Pathogenetic factors include 
an intrinsically lower blood flow compared with 
other solid organs (e.g., liver, heart, and kidney), 
operative trauma, donor pancreas-related pres-
ervation injury, and a hypercoagulable state [20, 
27, 30, 31]. Vascular thrombosis usually occurs 
early, within the first 2  weeks post-transplant. 
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Late onset thrombosis should prompt investiga-
tion for other etiologies such as rejection or ath-
erosclerotic vascular disease.

Thrombosis may cause stenosis or complete 
obstruction of the affected vessel. Occlusion of 
the splenic or superior mesenteric artery may pro-
duce partial infarction of the allograft, the extent of 
injury depending on collateral circulation. The cor-
responding clinical picture ranges from minimal 
effect to complete loss of the graft. Elevation of 
blood glucose levels should raise clinical suspicion, 
and Doppler ultrasound can assess flow in the arte-
rial Y-graft, venous outflow, and flow to the pancre-
atic parenchyma [29, 32]. Without early diagnosis 
and intervention (anticoagulants, thrombectomy), 
arterial or venous thrombosis results in irreversible 
infarction necessitating removal of the entire trans-
planted pancreas and duodenal cuff [33].

22.3.4	 �Examination of the Failed 
Allograft

Examination of the failed allograft by the 
pathologist requires knowledge of (1) the pre-
cise surgical procedure utilized, (2) the interval 
from transplant, (3) clinical findings, laboratory 
data, and imaging studies focused on peri- and 
post-operative events, and (4) any prior episodes 
of acute cellular rejection (ACR) or antibody-
mediated rejection (AMR).

22.3.4.1	 �Macroscopic Examination
Macroscopic examination of the failed allograft 
entails weighing, measuring, and describing the 
specimen including (1) the segments of recipient 
small bowel (generally jejunum) and donor duo-
denum, (2) the pancreas, and (3) the arterial and 
venous segments, carefully sectioning the latter to 
look for thrombosis or other causes of obstruction 
(e.g., atherosclerosis, stenosis). The pancreas is 
serially sectioned, and generous sampling is taken 
from multiple sites for microscopic examination.

22.3.4.2	 �Macroscopic Pathologic 
Findings in Vascular 
Thrombosis

The macroscopic pathologic findings in vascular 
thrombosis (Fig. 22.1) include the presence of (1) 

an intact segment of recipient small bowel since 
its vascularization is independent of the donor, 
(2) thrombus within the lumen of a vessel, (3) 
pancreas and donor duodenal segment displaying 
hemorrhagic necrosis (depending on whether the 
thrombosis is arterial or venous in origin) with 
dark red parenchyma and duodenal mucosa, and 
possibly pancreatitis (see Sect. 22.3.5).

22.3.4.3	 �Histopathologic Findings 
in Vascular Thrombosis

The histopathologic findings in vascular thrombo-
sis include classic ischemic and/or hemorrhagic 
necrosis of the duodenal segment and pancreatic 
parenchyma and vessels, with variable acute inflam-
mation. Secondary abscess formation and oppor-
tunistic infections, including fungal (particularly 
candidiasis), can develop [34]. Histopathologic 
examination may elucidate the underlying etiol-
ogy. “Idiopathic” causes may be related to surgical 
or technical complications and reveal organizing 
thrombotic occlusion of large arteries and/or veins 
and ischemic necrosis. Antibody-mediated rejec-
tion (AMR) including “hyperacute rejection”, is 
characterized by fibrinoid necrosis or necrotizing 
vasculitis in arteries and/or veins of any size [30]. 
In some cases, primary vascular injury can be dif-
ficult to distinguish from necrotic vessels embed-
ded within infarcted pancreatic parenchyma. To 
circumvent this problem, the pathologist should 
search for evidence of vasculitis in the least necrotic 
or damaged areas or ideally in viable areas. In addi-
tion, immunohistochemistry for C4d and correla-
tion with donor-specific antibodies (DSA) may be 
of value. A comment should be included in the 
pathology consultation report that in view of the 
extensive infarction, the possibility of AMR can-
not be entirely excluded. Graft vascular thrombosis 
related to acute cellular rejection (ACR) is dis-
cussed below (see Sect. 22.5.2).

22.3.5	 �Post-Transplant Ischemic 
and Infectious Pancreatitis

Graft pancreatitis is often caused by several inter-
acting factors including ischemia/reperfusion 
injury and technical/surgical complications. It 
may lead to anastomotic leaks, intra-abdominal 
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fluid accumulations and superimposed infec-
tions. If extensive, this complication frequently 
requires removal of the graft. The pathologic fea-
tures of graft pancreatitis mimic those of necrotiz-
ing pancreatitis in the non-transplant setting with 
macroscopic fat necrosis, parenchymal necrosis, 
and/or hemorrhage (Fig.  22.2) (see also Chap. 
7). Microscopic examination reveals acinar (and 
variable islet cell) necrosis, infiltration of neutro-
phils and macrophages, edema, and hemorrhage. 
Secondary infectious pancreatitis can be caused 
by a variety of microbial agents, notably bacterial 
and fungal [30, 35].

22.3.6	 �Post-Transplant Ischemia/
Reperfusion Injury

Ischemic/reperfusion injury resembles that in 
other transplants. Its pathogenesis centers on 

microvascular injury due to donor- and recipient-
related factors. Microscopic alterations (generally 
in core biopsies) (Fig.  22.3) include interstitial 
and intracellular edema, focal acinar cell or adi-
pocyte necrosis, and a variable neutrophilic infil-
trate [35, 36]. Both ischemic/reperfusion injury 
and post-transplant pancreatitis are in the differ-
ential diagnosis of acute rejection in core biop-
sies, and indeed may co-exist with rejection.

22.4	 �Core Biopsy Specimens 
in Pancreas Transplantation: 
Procedures and Technical 
Aspects

The role of the pathologist in pancreatic trans-
plantation is more restricted than in most other 
solid organ transplants, and largely limited to the 
assessment of core biopsies. These are generally 

a

c d

b

Fig. 22.1  Pancreas allograft removed following arterial 
thrombosis: the viable recipient small bowel (*) is anasto-
mosed to the necrotic donor duodenum (**) and necrotic 
pancreatic allograft (a). The arterial segment enters the 
pancreas at the top. The sectioned arterial segment shows 

total thrombotic occlusion (b). Low power shows the 
junction (arrow, c) between the intact recipient small 
bowel and the necrotic, inflamed donor duodenum. PAS 
stain shows the necrotic pancreatic tissue (d)
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Fig. 22.2  Peripancreatitis and pancreatitis secondary to 
partial vascular thrombosis in a resected transplant: the 
pancreas (right) with recipient small bowel (*) and donor 
duodenum (**) shows prominent surface fibrinous exu-
date (a). Low power shows fat necrosis (bottom), adjacent 

abscess (*), a layer of active chronic inflammation and 
early granulation tissue and intact parenchyma (top) with-
out overt necrosis (b). Medium power shows fat necrosis 
(right) admixed with acute inflammation (*), and a layer 
(left) of active chronic inflammation (c). The adjacent 
parenchyma is intact (d)

a b c

Fig. 22.3  Mild ischemia-reperfusion injury in a core 
biopsy 9 days post-transplant: there is septal hemorrhage, 
damage to acini at the periphery of the lobule, and mild 

acute inflammation (a). Note the small area with damage 
and dropout of acini, and mild neutrophilic infiltrate (b). 
High power shows swelling, hypereosinophilia, and drop-
out of acinar cells (c)
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performed for elevated serum amylase, lipase, 
and/or glucose, or to assess reduced urinary amy-
lase in patients with bladder drainage of pancre-
atic exocrine secretions. The principal goal is to 
identify acute cellular rejection (ACR), chronic 
rejection (CR), and less commonly antibody-
mediated rejection (AMR), and their morphologic 
mimics. Ultrasound- or CT-guided percutaneous 
core needle biopsies, with an 18 g or 20 g needle, 
are currently the gold standard to evaluate pan-
creas allografts, yielding adequate tissue in 88% 
to 96% of cases with minimal complications 
[37–39].

22.4.1	 �Surrogate Biopsy Options 
to Assess Rejection 
in the Pancreas Allograft

The first option is the kidney in the setting of 
simultaneous pancreas-kidney (SPK) or pan-
creas after kidney (PAK) transplants. Although 
experimental animal models previously sug-
gested that both kidney and pancreas are rejected 
simultaneously, this has not been borne out in 
human transplant recipients. Indeed, the conclu-
sion to draw from several studies is that between 
a quarter and a third of rejection episodes in SPK 
and PAK transplant biopsies can be discordant, 
the pancreas  being more sensitive to rejection 
than the kidney [35, 40–43]. Furthermore, even 
in the cases concordant for rejection, over one 
third can have different types of rejection (i.e., 
acute cellular vs. antibody-mediated vs. mixed) 
[43]. Therefore, until proven otherwise, it is rec-
ommended to biopsy both organs at the same 
time, or at least, if the kidney allograft biopsy 
shows no rejection, to then biopsy the pancreas 
allograft [42].

The second surrogate biopsy site potentially 
applicable to all three types of pancreas trans-
plants is the donor duodenal cuff that forms part 
of the allograft, sampled either endoscopically 
near the enteric anastomosis or cystoscopically 
for bladder-drained pancreata. A few studies 
using this method have shown that a diagnosis 

of rejection is possible, albeit with significant 
disagreements with concurrent pancreas allograft 
biopsies [44, 45]. However, the discrepancies, 
including potentially missing cases of vascular or 
chronic rejection, and the lack of criteria to pre-
cisely grade ACR or interpret C4d staining, have 
impeded this approach [44–47].

In summary, at present, neither renal nor 
duodenal cuff biopsy sampling, at least alone, is 
clearly recommended to accurately assess rejec-
tion in the pancreas allograft.

22.4.2	 �Protocol or Surveillance, 
and Post-Therapy Core 
Biopsies

Protocol or surveillance biopsies are not 
widely accepted in pancreas transplantation. 
Nevertheless, a few studies have recommended 
surveillance biopsies, particularly when initiated 
early after transplant and in pancreas transplant 
alone (PTA) or PAK recipients, as they can detect 
clinically significant rejection in about 20–50% 
of patients before demonstrable clinical or bio-
chemical alterations. However, surveillance biop-
sies showing minimal or mild rejection rarely 
progress, and indeed, rejection may persist in a 
significant number of patients with biopsy-proven 
rejection after therapy. Therefore, although early 
detection of rejection may improve survival of 
the allograft, additional longitudinal studies are 
needed [41, 46, 48, 49].

22.4.3	 �Pancreas Allograft Core 
Biopsy: Handling 
and Processing

The pancreas allograft core biopsy obtained 
under CT or ultrasound guidance using 18 or 
20 g needles should be fixed immediately in 10% 
neutral buffered formalin or a comparable fixa-
tive. Depending on clinical circumstances, it can 
be processed for emergent same day interpre-
tation or overnight for the next day. The Banff 
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multidisciplinary international consensus panel 
[39] recommends that at least 10 sequential 
slides be cut and prepared as follows: 3 H&E-
stained slides (e.g., cuts 1, 5, 9), 1 slide for C4d 
immunohistochemistry (e.g., cut 4), and 1 slide 
for Masson trichrome or other collagen stain to 
assess fibrosis or to highlight fibrinoid necrosis 
in arteritis associated with high-grade rejection. 
Immunohistochemistry for CMV and in situ 
hybridization for EBV are optional. If the indi-
cation for the biopsy is hyperglycemia and/or a 
strong clinical suspicion for recurrent type 1 dia-
betic autoimmune isletitis (or insulitis), immuno-
histochemistry for insulin and glucagon can be 
performed (discussed in Sect. 22.7).

22.4.3.1	 �Adequacy of the Pancreas 
Allograft Core Biopsy

For adequacy of the pancreas allograft core 
biopsy, the 2008 Banff panel’s guidelines [39] 
propose the presence of at least three lobular 
areas and their associated inter-lobular septa. 
Although arteries are desirable in the biopsy, 
their presence is variable. In view of the diag-
nostic importance of arterial lesions (particularly 
for the higher grades of ACR), their presence 
or absence should be mentioned in the pathol-
ogy report. Islets of Langerhans may or may not 
be seen but are not strictly necessary to assess 
adequacy or rejection, because the inflammation 
affects predominantly the exocrine component. 
Of note, the Banff panel emphasizes that the final 
determination of biopsy adequacy rests with the 
individual pathologist. Certainly, even in the face 
of a suboptimal biopsy, any diagnostic findings 
should be clearly indicated, thereby averting the 
need for re-biopsy.

22.5	 �Pancreas Allograft Rejection

Rejection represents the recipient’s immune 
response to antigens in a non-syngeneic graft. 
Its pathogenesis implicates the innate and adap-
tive immune systems, the latter mediated by 
combinations of antibodies and mononuclear 
and polymorphonuclear cells (lymphocytes, 
monocytes, plasma cells, eosinophils) [50, 51]. 

Allograft rejection of the pancreas is classified 
into antibody-mediated (AMR), acute cellular 
rejection (ACR), and chronic rejection (CR). The 
loss of pancreas allografts from chronic allograft 
rejection at 2  years post-transplant is 1.5% for 
simultaneous pancreas-kidney (SPK), 5.7% for 
pancreas after kidney (PAK), and 10.3% for pan-
creas transplant alone (PTA) transplants [52].

22.5.1	 �Antibody-Mediated Rejection 
(AMR)

The spectrum of the clinicopathological manifes-
tations of AMR is broad, ranging from fulminant 
graft failure (“hyperacute rejection”) to its inci-
dental identification in otherwise stable grafts. 
The clinicopathological findings and criteria 
for AMR are as follows [53]:

•	 Circulating donor-specific antibodies (DSA)
•	 Morphologically discernible tissue injury

–– Capillaritis
–– Interacinar inflammation
–– Acinar cell damage (swelling, necrosis, or 

apoptosis)
–– Vasculitis or thrombosis

•	 Immunopositivity for C4d of interacinar cap-
illaries in ≥5% of the acinar lobular surface 
area

Of note, the requirement of “graft dysfunc-
tion” (a component of the 2008 Banff Schema) is 
no longer a requirement for AMR [39].

22.5.1.1	 �Hyperacute Rejection
Now very rare, hyperacute rejection (HAR) 
typically occurs in the setting of circulating 
preformed anti-donor antibodies [27, 53]. The 
pathologic findings in hyperacute rejection in its 
earliest stages are rarely encountered in patients, 
but have been described in experimental ani-
mals. They include margination of neutrophils 
in capillaries and venules, congestion, intersti-
tial edema, and focal acinar cellular damage 
(vacuolization, degranulation, and necrosis) [54]. 
Later alterations observed in biopsy specimens 
or explanted failed allografts comprise extensive 
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vascular deposition of immune complexes and 
complement (typically IgG and C4d), resulting 
in endotheliitis or intimitis, arterial and venous 
fibrinoid necrosis and thrombosis, a prominent 
neutrophilic infiltrate, culminating in wide-
spread hemorrhagic necrosis of the parenchyma. 
The differential diagnosis of hyperacute rejec-
tion includes other causes of vascular thrombo-
sis [53]. As previously indicated, distinguishing 
AMR from other causes includes the presence 
of the aforementioned alterations in viable tissue 
sections (particularly bona fide vasculitis), posi-
tive donor-specific antibodies (DSA) and C4d 
deposition in the vasculature [39].

Of note, the term “accelerated AMR” or 
“delayed hyperacute rejection” is not included in 
the latest Banff schema for AMR, but is defined 
as delayed onset (hours to days) of hyperacute 
AMR, with similar histopathologic and serologic 
findings [27].

22.5.1.2	 �Acute Antibody-Mediated 
Rejection AMR

About 75% of patients who develop acute AMR 
present in the first 6 months, although a minority 
present much later [53]. Clinically, most patients 
with acute AMR exhibit graft dysfunction with 
one or more of the following: elevation of serum 
amylase and/or lipase, reduction in urinary amy-
lase, and less commonly, hyperglycemia. There is 
an overlap of clinical findings in AMR and ACR so 
that a biopsy is required to establish the diagnosis.

Pathologic Features of Acute AMR
The pathologic features of acute AMR include 
some or all the following (Fig. 22.4) [53]:

•	 Acinar and interacinar inflammation with 
infiltration of neutrophils, monocytes, and 
macrophages. In those instances where the 
neutrophils are inconspicuous, the monocytes 
can be highlighted by immunohistochemistry 
for CD68.

•	 An interacinar capillaritis with variably 
prominent and distributed intraluminal neu-
trophils and monocytes. Microvascular dam-
age can result in prominent interstitial edema 
and hemorrhage in the severe forms.

•	 Damage to acinar cells and pancreatic paren-
chyma, with variable cellular swelling, vacu-
olization, apoptosis, and necrosis. In severe 

a

c

b

Fig. 22.4  Antibody-mediated rejection in a pancreas 
core biopsy from a patient post kidney-pancreas trans-
plant: there is focal arteritis and intravascular inflamma-
tory cells in a small artery, as well as capillaritis (a). 
Arteritis may be a sign of both acute cellular and antibody-
mediated rejection. Capillaries with increased intralumi-
nal inflammatory cells are indicative of capillaritis 
(arrows, b). There is positive staining of interacinar capil-
laries for C4d (c)

22.5  Pancreas Allograft Rejection
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AMR, these findings can overlap with those 
encountered in hyperacute rejection [30, 53].

Histopathologic Grading of Acute AMR
The histopathologic grading of acute AMR 
according to the 2011 Banff schema is:

•	 Grade I or mild acute AMR: preserved 
architecture with mild monocytic or mixed 
monocytic and neutrophilic inflammatory 
infiltrates and sparse acinar cellular damage.

•	 Grade II or moderate acute AMR: largely pre-
served architecture with interacinar monocytic 
or mixed monocytic and neutrophilic infiltrates, 
dilated capillaries with capillaritis, congestion 
and extravasation of erythrocytes, and multifocal 
acinar cellular dropout or necrosis.

•	 Grade III or severe acute AMR: variably dis-
ordered architecture, preponderance of intersti-
tial hemorrhage, multifocal or confluent 
parenchymal necrosis, thrombosis and necrosis 
of arteries and veins, and sparse monocytic 
and/or neutrophilic inflammatory infiltrates.

Immunohistochemistry for C4d 
in Pancreas Allografts
Immunohistochemistry for C4d in pancreas allografts 
is key for the diagnosis of AMR and should be per-
formed in all cases of suspected AMR [53, 55–57]. 
In the assessment of staining for C4d, only linear or 
granular staining pattern of interacinar capillaries in 
exocrine lobular parenchyma is considered positive, 
as it correlates with serum  donor-specific antibod-
ies (DSA) and with clinical outcomes. The presence 
of C4d staining of arteries or veins, of the intersti-
tial connective tissue, or extra pancreatic tissues is 
nonspecific, although helpful as an internal quality 
control for the staining technique. The threshold for 
positive staining remains at ≥ 5% as established by 
the 2008 Banff grading schema [39, 58, 59].

The recommended grading scheme for C4d 
staining is [53]:

•	 Negative: absence or <5% interacinar capil-
lary staining in exocrine lobules

•	 Focal positive: 5–50% staining of capillaries
•	 Diffuse positive: >50% of capillaries staining

Reporting Nomenclature for AMR
The final clinical diagnosis of acute AMR 
requires the combination of (1) histopathologic 
features, (2) positive immunohistochemistry for 
C4d, and (3) serological evidence of DSA. The 
recommended reporting nomenclature is the fol-
lowing [53]:

•	 Acute AMR (i.e., definite) when all 3 above 
diagnostic criteria are present.

•	 “Consistent with acute AMR” when 2 of 3 
criteria are present.

•	 “Requires exclusion of AMR” when only 1 
of 3 criteria is present.

Of note, the concept of AMR in the absence 
of immunopositivity for C4d, i.e., “C4d-negative 
AMR”, mirrors that observed in heart and kidney 
allografts [55–57].

22.5.1.3	 �Chronic Active Antibody-
Mediated Rejection

“Humoral” mechanisms in general, and par-
ticularly circulating DSA, have been impli-
cated in the pathogenesis of the graft fibrosis 
and failure characteristic of chronic rejection. 
Thus, the diagnosis of chronic active AMR is 
established in allograft biopsies exhibiting the 
following [53]:

•	 Histopathologic and immunopathologic fea-
tures of acute AMR (including C4d 
positivity)

•	 Features of chronic rejection/graft sclerosis in 
absence of other etiologies of fibrosis (see 
below)

•	 Absence of acute cellular rejection (ACR)

Other findings supporting a component of 
AMR include vascular mural fibrinoid necrosis 
and the presence of organizing luminal thrombi. 
To make a definitive diagnosis of chronic active 
AMR, all three components of AMR are required 
as detailed above, in addition to the sclerotic 
changes of CR. If only 2 of the 3 are present, then 
the term “suspicious for chronic active AMR” 
should be reported.
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22.5.1.4	 �Mixed AMR and ACR
Perhaps unsurprising in view of the nature of 
immune mechanisms in transplantation, both 
AMR and ACR can be observed in the same 
biopsy. Histopathologic features include the inter-
stitial mononuclear infiltrate of ACR (detailed in 
the next section) along with the classic triad of 
findings in AMR [53]. Each component should 
be evaluated, graded, and reported separately 
using the Banff schema.

22.5.2	 �Acute Cellular Rejection (ACR)

22.5.2.1	 �Clinical and Laboratory 
Features of ACR

Cellular rejection rarely produces overt clini-
cal symptoms or signs, so suspicion is driven 
by altered biochemical parameters. In about 
80% of cases of ACR, exocrine dysfunction is 
characterized by a rise in serum amylase and/or 
lipase, reflecting acinar cell injury. In patients 
with bladder-drained grafts a fall in urinary 
amylase is seen in over 50% of cases of ACR. In 
contrast, endocrine dysfunction i.e., hypergly-
cemia (or a reduction in urinary insulin or pep-
tide C) is usually indicative of severe ACR or 
another severe insult to the allograft, such as a 
surgical complication (e.g., vascular thrombo-
sis), chronic rejection, or recurrent autoimmune 
isletitis [27, 39].

22.5.2.2	 �Histopathologic Findings 
of ACR in the Pancreas 
Allograft

The 2008 Banff schema provides clear defini-
tions and descriptions of the histopathologic 
findings in ACR (as well as in AMR) [39]. The 
histopathologic features are summarized below 
(Figs. 22.5, 22.6, 22.7, 22.8, 22.9, 22.10, 22.11):

•	 Septal inflammatory infiltrates composed of 
activated lymphocytes and monocytes with a 
variable number of eosinophils (Fig. 22.5).

•	 Acinar inflammatory infiltrates composed 
of mononuclear cells permeating the acini 
(Fig. 22.8a). These may take the form of (1) an 
acinar inflammatory focus with ≥10 inflam-
matory cells, (2) “focal acinar inflammation” 
with 2 or more inflammatory foci per acinar 
lobule, but without acinar cell injury, (3) 
“multifocal acinar inflammation” with 3 or 
more foci of inflammation per acinar lobule 
and with single or focal isolated acinar cell 
damage or necrosis in the midst of uninvolved 
acini, or (4) “severe or extensive acinar inflam-
mation” with marked diffuse acinar inflamma-
tion with extensive acinar cell damage or 
necrosis and few, if any, spared acinar areas. 
These inflammatory infiltrates damage the 
exocrine acini.

•	 Inflammation of veins and venules (venuli-
tis) characterized by perivascular and mural 

a b

Fig. 22.5  “Indeterminate” grade of acute cellular rejection: septal lymphocytic infiltrates can be either focal (a) or 
more extensive (b). Findings of grade I or higher were absent. Note the absence of venulitis in (a)
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a b

Fig. 22.6  Acute cellular rejection grade I: venulitis is characterized by activated lymphocytes cuffing and infiltrating 
the venular subendothelial space (a), lifting and damaging the endothelium (arrows), and spilling into the lumen (b)

a b

Fig. 22.7  Acute cellular rejection at least grade I: in ductitis, the duct is surrounded (a) and infiltrated by lymphocytes 
admixed with a few eosinophils (b)

a b

Fig. 22.8  Acute cellular rejection (ACR) at least grade I: 
there is a focus of acinar inflammation with ≥10 inflam-
matory cells and no definite acinar cell damage (a). With 
≥ 2 of these foci per acinar lobule, the descriptor is “focal 

acinar inflammation”. This core biopsy shows a nerve sur-
rounded and infiltrated by lymphocytes, a feature also 
found in higher grades of ACR (b)
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infiltrates of mononuclear inflammatory cells 
and/or eosinophils with lifting of the endothe-
lium (Fig. 22.6).

•	 Inflammation of interlobular ducts (ducti-
tis) with infiltration of ductal epithelium (i.e., 
localized to the mucosal epithelium inside the 
basement membrane) by mononuclear cells 
and/or eosinophils, plus ductal epithelial dam-
age and/or denudation (Fig. 22.7).

•	 Inflammation in and around the nerves in 
interlobular septa (Fig. 22.8b).

•	 Acinar cell injury or necrosis, characterized 
by swelling or vacuolization of the cytoplasm, 

nuclear pyknosis, as well as apoptosis or 
necrosis leaving an empty space, i.e., dropout 
(Figs. 22.9 and 22.10). This may take the form 
of (1) “single cell/spotty acinar cell injury/
necrosis” with preservation of the majority of 
acinar cells, or (2) “multicellular/confluent 
acinar cell injury/necrosis” with involvement 
of groupings of acinar cells of variable size.

•	 Inflammation of arteries (arteritis) that can 
take the form of (1) a “minimal intimal arteri-
tis” with occasional very focal intimal inflam-
matory infiltrates of mononuclear cells 
without activation or damage of the endothe-

a b

Fig. 22.9  Acute cellular rejection grade III: low power 
shows lobules of acini with variable inflammation sepa-
rated by mildly to moderately thickened fibrous septa (a). 
The lobule at the top is least affected, the one on the left 
shows “multifocal acinar inflammation” with focal acinar 

cell damage or necrosis, and the one at the bottom shows 
extensive activated lymphocytic and eosinophilic infiltrate 
and loss of many acini. High power shows extensive lym-
phocytic infiltrate with eosinophils, together with degran-
ulating and damaged acini (arrows, b)

a b

Fig. 22.10  Acute cellular rejection grade III with severe 
or extensive acinar inflammation: there is a prominent 

activated lymphocytic and eosinophilic infiltrate with loss 
of many acini (a). There is acinar epithelial cell damage 
with hypereosinophilia (arrows, b)
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lial cellular layer (Fig. 22.11a), (2) “moderate 
to severe intimal arteritis” with a clearly evi-
dent intimal mononuclear inflammatory infil-
trate, plus damage to the intima, i.e., 
endothelial hypertrophy or sloughing, pres-
ence of fibrin, margination of neutrophils, or 
activation or proliferation of myofibroblasts 
(Fig. 22.11b), and (3) a “necrotizing arteritis” 
i.e., the presence of localized or circumferen-
tial mural fibrinoid necrosis and/or a transmu-
ral inflammatory infiltrate (Fig. 22.11c).

Note that these features do not include a 
description of inflammation or damage to the 
islets of Langerhans. Indeed, the prime target 
of the cell-mediated immune reaction is the aci-
nar compartment. As in chronic pancreatitis, the 
islets are spared significant damage unless the 
process is severe or longstanding, or if the micro-
vasculature supplying the islets is compromised.

22.5.2.3	 �Grading of ACR 
in the Pancreas Allograft

The diagnostic features and criteria are incor-
porated into the rejection categories of the 
2008 and 2011 Banff schemes for grading 
ACR [39, 53]. They reflect the components that 
should be included in the pathology consulta-
tion report.

•	 Normal: characterized by absence of, or very 
minimal, inflammation composed of only 
small lymphocytes and/or rare plasma cells in 
septa only. Nerves, acini, ducts, and vessels 
are normal.

•	 Indeterminate for rejection: shows only 
focal septal or rarely acinar infiltrates of acti-
vated lymphocytes and/or eosinophils but 
without any of the definite criteria of ACR 
(Fig. 22.5). This category may be seen in pro-
tocol biopsies or with graft dysfunction and is 
either of unclear significance or may repre-
sent early or treated ACR.  Management of 
these patients varies depending on clinical 
findings.

a

b

c

Fig. 22.11  Arteritis in acute cellular rejection (ACR): 
minimal intimal arteritis with focal infiltration of intima 
by inflammatory cells (arrow) is indicative of moderate 
ACR (a). Note also the lymphocytes and eosinophils 
around the artery. Moderate arteritis with infiltration of 
the intima and media by lymphocytes, and with endothe-
lial damage, is a criterion of severe ACR (b). This 
medium-sized artery shows severe transmural arteritis 
with fibrinoid necrosis and endothelial damage (c). Note 
that vasculitis is also a feature of antibody-mediated rejec-
tion and an indication for C4d immunohistochemistry
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•	 Mild or grade I ACR: defined as septal 
inflammatory infiltrates (activated lymphocytes 
± eosinophils) with either (1) venulitis and/or 
(2) ductitis, and/or less commonly (3) inflam-
mation of nerves. Instead of the septal inflam-
matory component, there may be occasional 
focal acinar inflammation or spotty acinar cell 
injury or necrosis (Figs.  22.6, 22.7, 22.8). 
Grade I ACR usually manifests with graft dys-
function but is reversible with immunosup-
pressive therapy in about 90% of patients.

•	 Moderate or grade II ACR: defined as one 
or both of the following histopathologic fea-
tures: (1) three or more foci of inflammation 
per acinar lobule, i.e., multifocal, with iso-
lated or spotty acinar cell damage and drop-
out, and/or (2) a “minimal intimal arteritis”, 
defined as very focal intimal inflammatory 
infiltrates of mononuclear cells and without 
endothelial activation or damage. Patients 
with grade II ACR usually have graft dysfunc-
tion and respond to immunosuppressive medi-
cations in 70–85% of cases [39].

•	 Severe or grade III ACR: defined as one or 
more of the following 3 histopathologic fea-
tures: (1) severe acinar inflammation and 
damage plus focal or “multicellular/conflu-
ent acinar cell injury/necrosis” (Fig.  22.9, 
22.10). Biopsies may show (a) polymorphous 
infiltrates of neutrophils, mononuclear cells 
and eosinophils, and (b) interstitial edema 
and hemorrhage. There should be minimal, if 
any, spared exocrine parenchyma; (2) moder-
ate to severe intimal arteritis (Fig. 22.11b), 
and/or (3) a necrotizing arteritis (Fig. 22.11c). 
The prognosis of Grade III ACR is poor on 
account of inflammatory injury progressing 
to exocrine parenchymal loss, compromise of 
the microvasculature, and consequent loss of 
islets. The advanced vascular lesions increase 
the risk of thrombosis or may initiate or pro-
mote transplant arteriopathy. These biopsies 

are encountered in patients with prominent 
graft dysfunction including hyperglycemia. 
Response to augmented immunosuppression 
is generally poor [39].

22.5.2.4	 �Chronic Active Cell-Mediated 
Rejection

This subtype of ACR was included in the 2008 
Banff schema and refers to the presence of an 
“active transplant arteriopathy” within the spec-
trum of chronic ACR.  It is indicative of a pat-
tern intermediate between the intimal arteritis of 
moderate or severe ACR and established “chronic 
transplant arteriopathy” [39]. These lesions, read-
ily found in excised failed pancreatic allografts, 
are seldom encountered in core biopsies because 
they are generally not sampled. They arise in the 
setting of suboptimal immunosuppression, and if 
detected and promptly treated, potential arrest or 
partial reversal of the rejection may be achieved 
[30, 39].

22.5.3	 �Chronic Rejection or graft 
sclerosis in the pancreas 
allograft

Chronic rejection (CR) is the principal cause 
of late pancreas allograft loss. Indeed, whereas 
allograft loss due to acute rejection peaks 
between 3 and 12  months post-transplant, loss 
from chronic rejection continually rises after 
transplant and is one of the principal causes of 
long-term allograft loss after one year, the other 
being death from other causes [5].

Unlike acute cellular rejection that is 
“graded”, chronic rejection is “staged”, and the 
stage of CR is a good predictor of remaining 
graft function [60]. Moreover, the good correla-
tions between ACR and CR, and between AMR 
and CR highlight the shared pathogenetic mech-
anisms [53].
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22.5.3.1	 �Clinical and Laboratory 
Features of Cellular 
Rejection (CR)

The clinical and laboratory features of CR are 
nonspecific, and the diagnosis rests principally 
on manifestations related to loss of β-cell mass 
and function, i.e., blood glucose levels and/or 
measurements of C-peptide. Other causes of islet 
cell injury include calcineurin inhibitor toxicity 
or recurrence of autoimmune isletitis. It is note-
worthy that the pancreas requires a substantial 
portion of islet cell mass loss before glucose or 
C-peptide abnormalities appear and therefore, by 
the time hyperglycemia occurs, the changes are 
largely irreversible. Furthermore, measurements 
of lipase and amylase, which herald ACR, lack 
sensitivity and specificity in the context of CR, 
due to the destruction of acini [60]. Therefore, 
the diagnosis of CR rests with the pathologist, 
and percutaneous core biopsies remain the gold 
standard.

22.5.3.2	 �Histopathologic Features 
of CR

The morphologic hallmark of CR in core biopsies 
is graft sclerosis or fibrosis, with concomitant 
atrophy and loss of acinar lobules (Figs. 22.12, 
22.13) [39, 53]. Chronic vascular lesions may 
be present, but are rarely encountered in core 
biopsies and thus are not criteria in the staging 

scheme. The fibrosis, with admixed mononuclear 
infiltrates, starts in the interstitial perivascular 
areas of septa and gradually encroaches  upon 
and obliterates the acinar lobules. The process 
culminates in subtotal replacement of the pan-
creas by dense collagenous tissue interspersed 
with residual atrophic acini, rare ducts, and a few 
islets. In addition, there is periductal fibrosis, and 
the ductal epithelial changes may show dysmor-
phic alterations (Fig. 22.14). The islets disappear 
relatively late in this fibrosing process and loss 
of α- and β-cells can be assessed with immuno-
histochemistry (Fig. 22.15). Masson’s trichrome 
stain can be very useful in delineating the extent 
of fibrosis in CR.

22.5.3.3	 �Staging of CR in the Pancreas 
Allograft

The 4-point scheme for CR (stages 0-III) is pri-
marily based on the percent surface area of the 
biopsy occupied by fibrous tissue [39, 53, 60]. 
The extent of acinar atrophy accompanying the 
fibrosis is not directly taken into account. The 
scheme is elucidated below and illustrated in 
Figs. 22.12 and 22.13.

•	 Stage 0, normal pancreas: the fibrous septa 
are of normal width and do not extend beyond 
the confines of the adjacent ducts and vessels; 
the acinar parenchyma is normal.

Stage 0 Stage I

Stage II Stage III

Fig. 22.12  Diagrammatic representation of the stages of 
chronic rejection according to the Banff scheme. Stage 0 
is normal, with normal narrow interlobular septa; stage I 
has <30% of the biopsy area replaced by fibrous tissue, 

stage II, 30–60%, and stage III, >60% occupied by fibrous 
tissue. A, artery, D; duct, I, islet; L; lobule; V, 
vein  (Reproduced with permission from Papadimitriou 
et al. [60], John Wiley and Sons)

22  Pathology of Pancreas Transplantation



377

•	 Stage I, mild CR: the fibrous septa are 
expanded, but the fibrosis comprises under 
30% of the surface area of the biopsy. The 
centers of most acinar lobules are preserved, 
but the periphery can be irregular and focally 
eroded.

•	 Stage II, moderate CR: the fibrosis occu-
pies 30 to 60% of the area of the biopsy and 
all lobules show some fragmentation and 

atrophy with focal drop-out of acini; the 
peripheral contours of most lobules are irreg-
ular with some atrophy in central areas. New 
fibrous septa traverse the lobules between 
acini.

•	 Stage III, severe CR: the fibrosis occupies 
over 60% of the surface area of the biopsy, 
with few remaining acini and islets.

22.5.3.4	 �Chronic Allograft 
Arteriopathy in the Pancreas 
Allograft

Chronic allograft arteriopathy is a distinctive inti-
mal fibroproliferative and inevitable obliterative 
vascular lesion associated with chronic rejec-
tion that is similar in all solid organ transplants. 
Its histopathologic features include prolifera-
tion of intimal myofibroblasts, fibroblasts, and 
smooth muscle cells to form a concentrically 
thickened intimal layer, often accompanied by a 
variable mononuclear inflammatory cell infiltrate 
including foamy histiocytes (i.e., an endarteri-
tis) (Fig. 22.16). These lesions produce ischemic 
damage to the graft and may predispose to throm-
botic events.

The 2008 Banff schema distinguishes 
between “transplant arteriopathy” and 
“active transplant arteriopathy”. The former 
is characterized by predominantly fibrous thick-
ening of the arterial intima, leading to narrow-
ing of the lumen. It is graded based on the most 
advanced lesions into mild (< 25% of luminal 
area), moderate (25–50% of luminal area), or 
severe (>50% of luminal area). Active trans-
plant arteriopathy, in addition to the above 
findings, also shows infiltration by mononuclear 
inflammatory cells (Fig.  22.16). This must be 
distinguished from the classic intimal arteri-
tis found in severe ACR (Fig.  22.11) and in 
the vasculitis of AMR, in which necrosis and 
inflammation (acute and chronic) occur without 
substantial intimal myofibroblastic or smooth 
muscle proliferation.

In summary, paraphrasing the 2011 Banff 
conceptual approach to chronic allograft arteri-
opathy (or vasculopathy) [53], it is a relatively 
nonspecific entity that combines cellular and 
antibody-mediated immune mechanisms, and 

b

a

c

d

e

f

g

Fig. 22.13  Chronic rejection: normal parenchyma with 
thin interlobular septa corresponds to “stage 0” in the 
chronic rejection scheme (a). Stage I, mild chronic rejec-
tion shows large areas of preserved lobular tissue, and 
fibrous septa occupying <30% of the area of the biopsy (b, 
c). In chronic rejection stage II (d, e), and stage III (f, g), 
there is gradual atrophy of lobules and an increase in the 
proportion of septa giving the appearance of “cirrhosis”. 
Masson trichrome (c, e, g)
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is seen at the more severe end of the spectrum 
of ACR and AMR, as well as in CR.  In other 
words, it fits into a continuum that starts with 
moderate or severe ACR and AMR, traverses 
through chronic active cell-mediated rejec-
tion and chronic active antibody-mediated 
rejection, and with time or perhaps if subopti-
mally treated, terminates in chronic rejection. 
In practice, it is recommended that finding 
either intimal arteritis or chronic allograft arte-
riopathy should prompt the search for other 
pathological features of both ACR and AMR, 
including immunopositivity for C4d, as well 
as an assessment of the fibrosis to accurately 
stage the CR.

a b

Fig. 22.14  Chronic rejection: the interlobular ducts in chronic rejection are surrounded by dense fibrosis and show 
irregularities and pleomorphism of the ductal cells (a, b)

a b

Fig. 22.15  Chronic rejection: there is variable atrophy and loss of cells in the islets, although this is much less marked 
than the loss of acinar parenchyma. Immunohistochemistry for insulin (a) and for glucagon (b)

Fig. 22.16  Active transplant arteriopathy: there is a com-
bination of mononuclear cells in the intima and media, 
and some fibrous thickening with luminal stenosis
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22.5.4	 �Differential Diagnosis 
of Forms of Rejection, 
and Distinction from Other 
Entities Encountered in Core 
Biopsies

Acute cellular rejection (ACR) must be differen-
tiated from antibody-mediated rejection (AMR) 
because the clinical management differs. That 
said, both ACR and AMR can co-exist. Helpful 
morphologic clues that aid in their distinction 
include the following [53]:
•	 Features predominating in AMR are (1) an 

inflammatory infiltrate composed of neutro-
phils and monocytes/macrophages; (2) acinar 
cell injury; (3) interacinar capillaritis; (4) nec-
rotizing arteritis  ±  thrombosis; (5) hemor-
rhagic necrosis if severe; and importantly (6) 

focal or diffuse immunopositivity for C4d in 
interacinar capillaries.

•	 Features predominating in ACR are (1) septal 
infiltrates composed predominantly of mono-
nuclear cells, i.e., T-cells ± eosinophils (neutro-
phils can be found in severe ACR); (2) acinitis 
with infiltration of mononuclear cells inside the 
acinar basement membrane; (3) venulitis and/or 
ductitis and/or peripheral nerve inflammation.

•	 Features shared by AMR and ACR are (1) 
to some extent acinar cellular injury and (2) 
active transplant arteriopathy in severe or 
advanced lesions.
The other differential diagnostic consider-

ations of acute allograft rejection, and to a lesser 
extent chronic rejection (CR), are summarized in 
Table  22.1. Parenthetically, these other disorders 
are now infrequently observed in core biopsies [44].

Table 22.1  Pathologic alterations in the differential diagnosis of rejection

Diagnostic entity Histopathologic and related features
Type of rejection with key differentiating 
features

Ischemia-reperfusion injury 
and ischemic pancreatitis

Ischemic damage or necrosis of acini 
(vacuolization, apoptosis, necrosis, 
drop-out).
Principally interlobular septal acute 
inflammation with neutrophils, foamy 
macrophages, fat necrosis, interstitial 
edema ± hemorrhage.
Fibrosis typically absent.

Principally AMR: necrotizing 
vasculitis ± fibrinoid necrosis; positive 
staining for C4d.

Infectious pancreatitis, 
peripancreatitis and 
peripancreatic fluid 
collection

Mixed septal and peripheral lobular acute 
and chronic inflammation with 
neutrophils, some lymphocytes, plasma 
cells, and eosinophils.
May be granulomas, abscesses, and 
bacterial or fungal organisms (special 
stains useful).
May be bundles of active fibroblastic 
proliferation in interlobular septa at 
periphery of acinar lobules.

AMR: vasculitis, interacinar 
capillaritis; positive staining for C4d.
ACR: predominantly septal and acinar 
activated lymphocytes ± eosinophils, 
venulitis, ductitis.
When severe, neutrophils and arteritis.
CR: occurs later, dense septal fibrosis, 
acinar ± islet atrophy, vasculopathy.

Pancreatitis due to CMV Predominantly mononuclear inflammation, 
focal in septa and acini, with viral 
cytopathic changes in endothelium, acinar 
or stromal cells.
Positive immunohistochemistry for CMV.
Correlate with serum PCR studies.

Mostly mild ACR: venulitis, ductitis.
Absent viral cytopathic changes, 
negative immunohistochemistry and 
PCR for CMV.

(continued)
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22.6	 �Infections in Pancreas 
Allografts

Bacterial and fungal infections may occur 
because of surgical complications, and the find-
ings resemble those of acute pancreatitis in the 
non-transplant setting (Figs.  22.17 and 22.18). 
Of the fungal infections, Candida species are the 
most common [34, 61].

Infections due to cytomegalovirus (CMV) 
remain a lingering concern despite prophylaxis. 
Up to 44% of CMV-negative recipients of a 
pancreas from a CMV-positive donor devel-

oped CMV infection/disease, despite CMV 
prophylaxis. Pathologic findings are detailed 
in Table 22.1. Immunohistochemistry and PCR 
studies of the blood are helpful if histopatho-
logic findings are equivocal.

Other viral infections can occur in pancre-
atic transplant recipients, particularly those in 
the Herpes family. Two studies report the inci-
dence of Herpes simplex infection of about 10% 
and Varicella zoster virus around 11%, primarily 
involving the gastrointestinal tract and skin, but 
not the allograft [62, 63].

Table 22.1  (continued)

Diagnostic entity Histopathologic and related features
Type of rejection with key differentiating 
features

Recurrent autoimmune 
isletitis, diabetes mellitus

Lymphocytic infiltration of specifically 
islets (isletitis).
Absence of inflammation in late stages 
after disappearance of β-cells.
Immunohistochemical stains for insulin 
and glucagon show preferential loss of 
β-cells.
Correlate with autoantibodies to islet cells, 
insulin, GAD.

ACR: lymphocytic infiltration 
predominantly in acini, not in islets.
CR: fibrosis, acinar atrophy; loss of 
both insulin- and glucagon-producing 
cells.

Acute islet cell toxicity 
from calcineurin inhibitors 
(cyclosporine, tacrolimus)

Islet cell damage: vacuolization or 
swelling of cytoplasm, loss of islet cells 
replaced by lacunae, focal necrosis or 
apoptosis. Absence of isletitis.
Immunohistochemistry: markedly 
decreased staining for insulin compared 
with glucagon.
Electron microscopy: vacuolization of 
β-cells with specific loss of insulin dense 
core granules.
Observed more with tacrolimus (dose-
dependent and reversible).

Recurrent autoimmune diabetes: 
associated with isletitis, autoantibodies.

Post-transplant 
lymphoproliferative 
disorder (PTLD)

Polymorphic type: infiltrate of variably 
atypical lymphocytes, polyclonal or 
monoclonal plasma cells, few eosinophils.
Monomorphic type: infiltrate of large 
atypical B-cells (diffuse large B-cell 
lymphoma or other).
Frequent positivity for EBV (in situ 
hybridization for EBER).
May form a mass (correlate with clinical 
findings and imaging studies).

ACR: infiltrating lymphocytes small or 
activated, not frankly atypical; 
venulitis, ductitis; no mass; EBV 
absent.

Abbreviatons: ACR acute cellular rejection, AMR antibody-mediated rejection, CR chronic rejection, EBV Epstein-Barr 
virus, EBER EBV-encoded small RNA, GAD glutamic acid decarboxylase, PCR polymerase chain reaction
See also references [27, 35, 39]
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a

c

b

d

Fig. 22.17  Post-transplant patient with acute pancreati-
tis: the core biopsy shows a predominantly neutrophilic 
infiltrate in the septum and amongst acini (a, b). The dif-

ferential diagnoses include acute cellular rejection (ACR) 
and particularly antibody-mediated rejection (AMR). 
However, note the absence of arteritis (c), and the negative 
C4d immunohistochemistry (d)

a b

Fig. 22.18  Post-transplant patient with peripancreatitis: there is active granulation tissue at the surface (a) and dissect-
ing between lobules (b)
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22.7	 � Recurrent Autoimmune 
Isletitis (Insulitis)  
and Diabetes Mellitus

The incidence of recurrent TIDM, initially 
reported in sets of identical twins, approaches 
17% for T1DM after a median follow-up of 
39 months [27, 64–68]. However, recurrent auto-
immune DM is not the only cause of hypergly-
cemia. In one long-term study, 15% of recipients 
presented with significant hyperglycemia associ-
ated with different etiologies, including chronic 
rejection (5–6%), post-transplant DM with insu-
lin resistance secondary to weight gain and/or 
medications (6–7%), recurrent T1DM in 5–6%, 
and rarely, vascular thrombosis [65].

The pathogenesis of recurrent autoimmune isle-
titis recapitulates that of the original disease. The 
β-cells are targeted specifically by immune mecha-
nisms involving B- and T-cells, and antibodies, 
leaving α- and δ-cells unharmed [64, 65, 69].

Clinically, there is gradual or rapid loss of gly-
cemic control and the variable appearance of serum 
autoantibodies. Although these autoantibodies are 
good predictors of autoimmune DM, biopsy is fre-
quently required to confirm the diagnosis [27, 69].

22.7.1	 �Pathologic Findings 
in Recurrent Autoimmune 
Isletitis

Pathologic findings in recurrent autoimmune 
isletitis include early infiltration of the islets 

(not acini as in rejection) by predominantly 
T-cells, followed by gradual disappearance 
of β-cells, and of the lymphocytes [66, 67]. 
Immunohistochemistry using antibodies against 
insulin and glucagon is useful to demonstrate the 
selective loss of β-cells (Fig. 22.19).

22.8	 �Acute Islet Cell Toxicity 
from Calcineurin Inhibitors

Another cause of post-transplant hyperglycemia is 
targeted damage to β-cells by calcineurin inhibitors, 
particularly tacrolimus, a dose-related, reversible 
effect [27, 39]. Light microscopy shows cytoplas-
mic swelling and vacuolization of β-cells, with 
apoptosis. Immunohistochemistry shows decreased 
staining for insulin compared with glucagon. The 
inflammation seen in recurrent autoimmune isleti-
tis is lacking in calcineurin inhibitor toxicity. The 
findings can be correlated with the serum tacroli-
mus and/or with serum autoantibodies.

22.9	 �Reporting Checklists

A list of macroscopic and microscopic features 
to consider when reporting failed allografts is 
shown in Table 22.2. A list of microscopic fea-
tures to consider when reporting an allograft 
core biopsy for the principal forms of rejection 
and other findings is shown in Table 22.3. These 
checklists are meant only as guidelines and 
should be adapted to local reporting practices.

a b

Fig. 22.19  Recurrent isletitis of type I diabetes: immunohistochemistry for glucagon (a, b) and for insulin (c, d) shows 
the selective loss of insulin-producing β-cells

22  Pathology of Pancreas Transplantation



383

Table 22.2  Reporting of failed pancreas allograft

Macroscopic assessment
Specimen type (e.g., pancreas allograft, with or 
without donor duodenum, recipient small bowel)
 � Pancreas, donor duodenum, recipient small bowel, 

artery, vein
 � Weight of specimen
 � Dimensions of each part
 � Other features
Appearance of
 � Pancreas (necrotic, viable, hemorrhagic, inflamed, 

other)
 � Donor and recipient small bowel (necrotic, viable, 

hemorrhagic, inflamed, other)
 � Arteries, veins (patent, thrombosed, other)
Microscopic assessment
Pancreatic parenchyma
 � Total, subtotal, partial necrosis with edema, 

hemorrhage, abscess formation, organisms, other
Donor duodenum
 � Total, subtotal, partial necrosis, ulceration, edema, 

hemorrhage
Recipient small bowel
 � No necrosis, focal, partial necrosis, inflammation, 

other
Artery
 � Patent, partial or complete thrombosis
Vein
 � Patent, partial or complete thrombosis
Other findings

c d

Fig. 22.19  (continued)

Table 22.3  Reporting of pancreas allograft core biopsies 
(template) [53]

Antibody-mediated rejection
 � Adequate biopsy showing capillaritis, interacinar 

inflammation, acinar cell damage, vasculitis or 
thrombosis, most consistent with antibody-mediated 
rejection, grade I (mild), grade II (moderate), grade 
III (severe)

 � C4d stain negative/faintly/moderately/strongly 
positive in about % of interstitial capillaries

 � Conclusion (with or without presence of DSA): 
definite acute antibody-mediated rejection (AMR) /
consistent with acute AMR/requires exclusion of 
AMR.

Acute cellular rejection, grade I out of III
 � Adequate biopsy showing active septal 

inflammation, and venulitis with lymphocytes, and 
few eosinophils most consistent with acute 
cell-mediated rejection, mild, grade I out of III

 � Two to three small arteries and few arterioles 
present on biopsy with no diagnostic abnormality.

 � Masson trichrome stains shows minimal if any 
septal and acinar fibrosis.

 � C4d stain negative/faintly/moderately/strongly 
positive in about % of interstitial capillaries

Acute cellular rejection, grade II or III out of III
 � Adequate biopsy showing inflammation with mostly 

lymphocytes and few eosinophils, multifocal acinar 
inflammation, with acinar cell injury, ductitis, 
venulitis and minimal arterial arteritis /necrotizing 
arteritis, consistent with acute cell-mediated 
rejection, moderate, grade II or III out of III

(continued)
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