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SUMMARY

It is commonly assumed that in simultaneous pancreas and kidney (SPK)
recipients, rejection of the two organs is concordant. As a result, concur-
rent biopsies of both organs are rarely performed and there are limited his-
tological data on how often rejection is in fact discordant. We reviewed all
SPK recipients transplanted at the University of Wisconsin between Jan-
uary 01, 2001, and December 31, 2016, that underwent biopsy of both
organs. We included all patients whose biopsies were within 30 days. If
patients were treated for rejection between biopsies, they were excluded if
the biopsies were more than 4 days apart. Ninety-one simultaneous biop-
sies were performed within 30 days of each other, and 40 met our inclu-
sion criteria. A total of 25 (62.5%) patients had concordance of biopsy
findings: 11 had rejection of both organs, and 14 had no rejection of either
organ. The other 15 (37.5%) were discordant for rejection, with 10 having
pancreas-only rejection and five kidney-only rejection. It was striking to
find that four of the 11 patients with concordance for rejection (36%) had
different types (AMR, ACR, or mixed) of rejection in the two organs. This
large series of simultaneous pancreas and kidney biopsies demonstrates the
continued utility of performing biopsies of both organs.
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Introduction

Over 75% of pancreas transplants are performed at the

same time as a kidney transplant, in the form of a

simultaneous pancreas and kidney transplant (SPK)

[1,2]. In the United States, more than 28 000 pancreas

transplants have been reported to the United Network

for Organ Sharing (UNOS) and the International Pan-

creas Transplant Registry (IPTR) [3]. Pancreas allograft

survival continues to improve. Among all pancreas
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recipients, including pancreas transplant alone or pan-

creas after kidney (PAK) transplant recipients, those

with an SPK experienced the best pancreas allograft sur-

vival rates with 86% at 1 year and 54% at 10 years [4].

Kidney or pancreas rejection can occur any time after

SPK and is a major obstacle to prolonged graft survival

[5]. In SPK recipients, serum amylase, lipase, glucose,

and creatinine, as well as proteinuria, are routinely

monitored to detect rejection. In clinical practice,

abnormalities of either pancreas or kidney function, or

both, may be observed, raising the question of which

organ(s) to biopsy. Many have assumed that rejection is

usually concordant; that is, rejection is either found in

both organs or neither organ. The argument is therefore

that if pancreas enzymes and kidney function parame-

ters are both abnormal, or if kidney function is abnor-

mal in the absence of pancreas enzyme elevations, a

kidney biopsy is sufficient to diagnose rejection, and an

additional biopsy of the pancreas will not affect clinical

management. However, this approach has never been

validated, and the assumption that concordance is uni-

versal has been questioned [6]. Here, we assess the util-

ity of performing biopsies of both the kidney and

pancreas allografts by reporting not only the rates of

rejection concordance, but also the frequency of rejec-

tion in the two organs being of sufficiently different

rejection type or severity to merit different treatments.

Methods

Study population and design

This was a single-center, retrospective study of SPK recip-

ients from the same donor transplanted at the University

of Wisconsin between January 01, 2001, and December

31, 2016, who underwent biopsy of both functional

organs. We included all patients whose biopsies were

within 30 days of each other. If patients were treated for

rejection between biopsies, they were excluded if the

biopsies were more than 4 days apart, due to a concern

that the treatment would reduce the ability to detect

rejection or skew the severity in the opposite organ. Biop-

sies of explanted organs and postreperfusion biopsies also

were excluded. Patients were divided into a concordant

group for rejection and a discordant group for rejection.

We categorized biopsies as concordant if they had rejec-

tion in both allografts or no rejection in both allografts,

otherwise they were considered discordant. This study

was approved by the Health Sciences Institutional Review

Board at the University of Wisconsin.

Data collection

Data collection included basic demographic informa-

tion, date of SPK transplantation, age, race and gender,

induction immunosuppression, wait time for transplant,

and type of deceased donor. We collected the histology

of pancreas and kidney biopsies as well as graft survival.

Kidney rejection treatment

Treatment of acute cellular rejection (ACR) was based

on Banff criteria. Borderline or Banff I rejection was

treated with steroid pulse, while Banff II and III ACR

was treated with steroid pulse plus thymoglobulin, 6–
10.5 mg/kg in 4–7 divided doses.

Antibody-mediated rejection (AMR) treatment proto-

cols were based on both the severity of rejection and

the time of diagnosis of AMR after transplant. For early

rejection (within 3 months post-transplant), treatment

included dexamethasone 100 mg pulse, plasmapheresis

(PP) 4–6 sessions, and IVIG 100 mg/kg after each PP.

Late rejection (>3 months post-transplant) was treated

with dexamethasone 100 mg pulse and IVIG 200 mg/kg

every 2 weeks 9 3. Baseline immunosuppression was

also increased by approximately 25%. Rituximab

375 mg/m2 was added to the treatment of either early

or late rejection based on clinical characteristics such as

younger age, better kidney function, higher DSA, greater

microcirculation inflammation, and lower chronicity

score. In mixed rejection, steroid pulse, IVIG, thy-

moglobulin 10.5 mg/kg � rituximab � bortezomib

were used.

Pancreas allograft biopsy

Elevated pancreatic enzymes were the most common

indication for pancreatic allograft biopsy. Our approach

to the patient with elevated enzymes included history

and physical, fasting C-peptide, HbA1C, donor-specific

antibodies (DSA), and an imaging study, preferably CT

scan of the abdomen and pelvis with IV and oral con-

trast [7]. In our practice, we performed ultrasound-

guided biopsy with an 18-gauge automatic biopsy

device. Our trajectory for biopsy is ideally toward the

tail, avoiding the splenic artery and vein. If we are

unsuccessful, or there is no suitable safe window free of

overlying bowel, then we proceed with CT-guided

biopsy using a posterior approach, or alternatively an

open or laparoscopic biopsy, but this is rarely required.

In our experience with pancreas biopsies of 422
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recipients, only 22 (6%) were nondiagnostic, mainly

due to sampling error [8].

All pancreas transplants in the study were enteric

drained, since after July 1996, bladder drainage was

almost never used.

Pancreas rejection treatment

Treatment of pancreas rejection was based on the type

and severity of rejection and was graded by the Banff

criteria [9]. ACR was treated with IV steroid pulse with

or without thymoglobulin 6–12 mg/kg in 4–10 divided

doses, while mixed rejection was treated with steroids,

thymoglobulin, IVIG, and PP. AMR was treated with

steroids, IVIG, and PP [7].

Statistical analysis

Continuous data were compared using Student’s t-test

or the Wilcoxon rank-sum test, as appropriate, while

categorical data were analyzed using Fisher’s exact test

or chi-square test. P values < 0.05 were considered sta-

tistically significant.

Results

Baseline characteristics

There were 91 cases of pancreas and kidney biopsies per-

formed within 30 days of each other in SPK recipients.

Of those, 40 met our inclusion criteria of two functional

allografts with no treatment for rejection between the

biopsies, or if rejection was treated, the biopsies were

within 4 days of each other. Biopsies were excluded

because either the pancreas (15), kidney (6), or both

organs had been explanted (7), because the kidney was

biopsied at the time of transplant reperfusion (6), because

treatment was given more than 4 days before the kidney

(8) or pancreas (6) biopsy, or because the kidney and

pancreas were from different donors (3) (Fig. 1). Of the

40 pairs of biopsies studied, 25 had biopsy findings that

were concordant for rejection, while 15 were discordant,

so that rejection was present in one allograft but not the

other. All kidney and pancreas biopsies were performed

by the real ultrasound-guided approach except for one

patient who underwent open pancreas biopsy at the time

of open cholecystectomy.

The mean age at time of transplant was

43.7 � 8.87 years, and 50% of patients were female.

The mean interval between the two-allograft biopsies

was 4 � 7 days, and other baseline characteristics are

detailed in Table 1.

Total number of both kidney and pancreas biopsy performed within 30 days: 91

Patients fitting  inclusion criteria: 40

Excluded: 51
Kidney biopsy at or immediate after allograft pancreatectomy: 15
Biopsy after both organ explanted: 7 
Kidney rejection treated first: 8
Kidney biopsy at reperfusion: 6 
Pancreas biopsy at time of allograft nephrectomy:6 
Pancreas rejection treated first: 6
Kidney and pancreas from different donors: 3  

Concordant biopsy finding for rejection or no rejection: 25 Discordant for rejection: 15

Figure 1 Simultaneous pancreas and kidney transplant recipients with biopsies of both allografts.

Table 1. Baseline characteristics.

Mean interval between biopsies (days) 4 � 7
Mean age at time of transplant 43.7 � 8.87
Female 20 (50%)
Non-Caucasian 5 (13%)
Nondiabetes type I 4 (10%)
Mean wait time for transplants (days) 158 � 143
Donation after cardiac death 4 (10%)
Expanded criteria donor 4 (10%)
Induction immunosuppressive
Antithymocyte globulin 6 (15%)
Alemtuzumab 13 (33%)
Basiliximab 21 (53%)
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Concordance and discordance

Of the 25 patients with concordant biopsy findings, 11

had rejection in both organs and 14 did not have any

rejection (Table 2). Of 11 recipients with rejection in

both organs, seven had the same type of rejection: Six

showed ACR in both organs, and one showed mixed

rejection in both biopsies. Most striking, four of the 11

recipients with rejection in both organs exhibited a dif-

ferent type of rejection in each allograft. One recipient

had ACR in the kidney but AMR in the pancreas, one

had AMR in the kidney but ACR in the pancreas, one

had AMR in the kidney and mixed rejection in the pan-

creas, and one had ACR in pancreas and mixed rejec-

tion in kidney. These differences in pathology between

the two organs had a significant impact on the choice

of treatment for these four patients. Ten of 11 patients

in this group had ACR or mixed rejection of the pan-

creas: Seven had grade II ACR, two had grade I ACR,

and one had grade III ACR. Three patients had mixed

or AMR of the pancreas, with diffuse c4d positivity and

diffuse capillaritis. The pathology on kidney biopsies

ranged from borderline rejection to Banff IIA. All

patients with AMR or mixed rejection of kidney were

positive for c4d.

We also found some differences in the pathology of

organs that were concordant for lack of rejection. In

one, evidence of adenovirus infection was found on the

kidney biopsy, but not the pancreas; two had BK

nephropathy and no rejection in pancreas; one had fea-

tures of membranoproliferative on the kidney biopsy

and no rejection in pancreas. Of 15 patients with dis-

cordance for the presence of rejection, 10 had pancreas

rejection only, while five had kidney rejection only.

Among eight patients with pancreas-only rejection

showing ACR or mixed rejection, four had grade I

ACR, three had grade II ACR, and one had grade III

ACR. Three had mixed or AMR, of which two had c4d-

negative AMR. There was no case of the borderline

rejection.

There was no difference between the two groups in

the time between transplant and biopsy. The mean

interval from transplant to pancreas biopsy in the con-

cordance group was 674.9 � 1051 days and in the dis-

cordance group was 582.9 � 1083 days (P = 0.79).

Similarly, the mean interval between transplant and kid-

ney biopsy in the concordance group was 675.2 �
1050 days and in the discordance group was

578.6 � 1082 days (P = 0.78).

There were a total of 22 pancreas allograft failures on

last follow-up in February 2017, 16 in the concordant T
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group, and six in the discordant group. The mean pan-

creas allograft survival after diagnosis of rejection was

2.82 � 3.13 years. There were a total of 19 kidney allo-

graft failures, 11 in the concordant group, and eight in

the discordant group with a mean kidney allograft sur-

vival after diagnosis of rejection of 4.18 � 3.58 years.

Discussion

In our series of 40 SPK patients with biopsies of both

kidney and pancreas, 25 (62.5%) had findings concor-

dant for rejection. Eleven had rejection of both organs,

and fourteen had no rejection of either organ. The

other 15 (37.5%) were discordant for rejection, with 10

having pancreas-only rejection and five kidney-only

rejection. Clearly, the presence of rejection in the pan-

creas has a critical impact on the treatment plan in a

patient with no rejection in the kidney. In addition, it

was striking that only seven of 11 patients with concor-

dance for rejection had the same types (AMR, ACR, or

mixed) of rejection; that is, 36% had differences in the

specific types of rejection, which may warrant different

types of treatment. For example, in a patient with ACR

in the kidney, the finding of AMR or mixed rejection in

the pancreas would suggest the addition of plasma-

pheresis and/or IVIG to a plan for a steroid pulse.

Pancreas and kidney rejection are not uncommon in

SPK. In a large series of pancreas transplant recipients,

mainly in the form of SPK, the incidence of biopsy-pro-

ven pancreas rejection within the first year of transplant

was 21%, with an equal distribution of AMR, ACR, and

mixed rejection [10]. In the Euro-SPK 001 study of 205

patients with three-year follow-up, 92 (45%) recipients

experienced at least one episode of rejection. Rejections

were either biopsy-proven or clinical, and more com-

monly reported in the kidney allograft than the pan-

creas allograft [11]. In another study, comparing SPK

and kidney alone recipients with a median follow-up of

55 months, kidney alone recipients had a significantly

higher rate of kidney rejection, at 30% compared to

10% in SPK (P = 0.037). The authors suggested this dif-

ference might be due to the stronger immunosuppres-

sion used in SPK recipients [12].

The most common indication for pancreas allograft

biopsy is a rise in the pancreatic enzymes [10].

Although the incidence of subclinical pancreatic rejec-

tion is unknown, we previously reported three cases of

rejection on explant samples among 11 pancreatec-

tomies performed at the time of a repeat pancreas

transplant. All three patients were on full-dose

immunosuppressive medications and had normal

pancreatic enzymes [13]. Similarly, subclinical rejection

of the kidney, in the absence of a rise in serum crea-

tinine or proteinuria, is well described. Kraus et al. [14]

reported an incidence of ACR or AMR of over 20% in

the first year after kidney transplantation with a positive

cross-match. Even in patients with a negative cross-

match, the incidence of subclinical rejection is estimated

to be approximately 10% [15].

All allograft biopsies are invasive procedures, so have

associated risk. One of the rationales for performing

kidney biopsies and not necessarily pancreas biopsies in

SPK recipients is that pancreas biopsies are often per-

ceived to be associated with greater risk. However, in a

large series of 232 pancreas allograft biopsies, complica-

tions were only found in 6 (2.6%). Most of the compli-

cations were minor: Three had intra-abdominal

hemorrhage, one each had gross hematuria, allograft

pancreatitis, and severe pain requiring overnight hospi-

talization [16]. In our experience at the University of

Wisconsin, we have performed more than 400 percuta-

neous pancreas biopsies since 1992, with a very low

complication rate and no graft losses. Two patients

required reoperation: one for bleeding and one for evac-

uation of pancreatic ascites, which ultimately resolved,

and both patients still retain excellent graft function [8].

In a series of 3738 kidney allograft biopsies, the rate of

complications was 1.8%. While most complications

were mild or moderate, 0.21% had severe complications

and 0.19% had life-threatening complications, although

no deaths occurred [17].

Our findings are consistent with the smaller study of

Troxell et al. [6], who found a 38% rate of discordance

for rejection in a series of 21 patients. While they

included all biopsies done within 7 days of each other,

they do not mention whether or not their patients

received treatment for rejection between biopsies [6].

Similar results were found in an animal model, in which

a 27% rate of discordant rejection was found among 23

SPK recipient dogs [18]. We extend these findings by

showing that even among patients with rejection in

both organs, the type of rejection is often significantly

different and requires different treatments.

Some have suggested that in SPK recipients, kidney

rejection precedes or parallels pancreas rejection and

that kidney rejection is 2–3 times more common than

pancreas rejection [19]. However, it may be that many,

or even most, of the pancreas rejections were previ-

ously missed due to infrequent biopsies being per-

formed, on the assumption that kidney biopsies can

serve as a surrogate for the pancreas biopsy. Pancreas

rejection remains the single most significant cause of
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graft loss, and it cannot be reliably diagnosed noninva-

sively [20]. Our findings suggest that performing a

pancreas biopsy in addition to a kidney biopsy often

provides critical information that will alter patient

management.

Limitations of this study include its being limited to a

single center, which may have a different population and

clinical approach from other centers. Our study also has a

limited sample size due to the strict selection criteria.

However, ours is the largest reported series of its kind. In

summary, there is substantial incidence of discordant

rejections in SPK recipients. Even among those with con-

cordance for the presence of rejection, there is a clinically

meaningful rate of finding different types of rejection in

the two organs. In the hands of experienced biopsy provi-

ders, pancreas and kidney biopsies can usually be per-

formed safely and strong consideration should be given

to performing both biopsies.
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