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ORIGINAL ARTICLE

Interstitial and vascular pancreas
rejection in relation to graft survival

Abstract To examine the incidence
of interstitial and vascular rejection
in pancreas allografts and its impact
on graft survival, we studied 36 per-
cutaneous pancreas biopsies and 10
pancreas transplantectomy speci-
mens from 32 patients who had un-
dergone simultaneous pancreas-kid-
ney transplantation. Interstitial re-
jection (IR) was predominantly
found in the biopsies, while vascular
rejection (VR) was most prominent
in the transplantectomies. Pancreas
graft survival was significantly de-
creased for pancreas grafts that had
suffered from vascular rejection
when compared to those with only
interstitial rejection. Potential rejec-
tion markers, i.¢., serum amylase,
glucose, creatinine, and urinary
amylase, did not correlate with his-
tological signs of rejection, although
increased levels of serum amylase
were, in all but one case, associated
with rejection.We conclude that a
percutaneous pancreas biopsy re-
mains the most reliable method to
determine pancreas rejection, and
that by distinguishing between IR
and VR, a pancreas biopsy may
provide important diagnostic as well
as prognostic information.

Introduction

Simultaneous pancreas-kidney transplantation (SPK) is
performed in patients with diabetes mellitus type I and
end-stage renal failure. Rejection is a major complica-
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tion after SPK, as with other types of transplantation.

It may occur isolated in the pancreas or kidney, or con-

currently in both grafts [8, 10, 11, 25, 28]. We previously
reported that SPK recipients suffered from more inter-
stitial rejection (IR) episodes of the kidney than did re-
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cipients of a kidney transplant alone, while the inci-
dence of vascular rejection (VR) episodes was compara-
ble between the groups [3]. Clearly, much less is known
about pancreas rejection than about kidney rejection,
as experience with the former is more limited.

While laparotomy used to be necessary to perform
pancreas biopsies [27], several transplant centers have,
in the past few years, started using the percutaneous bi-
opsy technique for the pancreas allograft [1, 19]. This
enables an accurate diagnosis of rejection. There is,
however, no generally accepted classification for pan-
creas rejection, such as the Banff classification for kid-
ney rejection, although suggestions have been put for-
ward by Nakhleh and Sutherland, and Drachenberg
et al. [6, 15]. Carpenter’s group [4] reported that histo-
logical changes in duodenal biopsies from pancreati-
coduodenal grafts parallel the findings in the pancreas
biopsy and that both accurately reflect the state of the
graft. A more recent report [17] however, shows that
pancreas and duodenum can suffer independently from
a rejection episode. Since isolated pancreas rejection
episodes are also reported [10], monitoring pancreas re-
jection by performing only a kidney or duodenum biop-
sy will not always give accurate information.

The decision to perform a pancreas biopsy is often
based on changes in the values of blood glucose, urinary
amylase, and serum amylase, but also on serum creati-
nine as a marker for simultaneous kidney rejection.
Since the pancreas and kidney can reject independently
after SPK, serum creatinine will not always be a good
marker for pancreas rejection. Serum amylase and pan-
creas-specific protein have been shown to be sensitive,
but not specific, markers for rejection [5, 13, 29]. Hypo-
amylasuria may be used as a marker in bladder-drained
transplants as it correlates with histologically defined
pancreas rejection; however, major differences in speci-
ficity have been reported [2, 12, 14, 18]. Serum anodal
trypsinogen has been reported to be a reliable, graft-
specific rejection marker [5, 12, 20]. However, no pan-
creas core biopsies were performed in these studies to
confirm rejection. Another method for the early detec-
tion of pancreas rejection may be the use of protocol bi-
opsies. However, Stratta et al. could not demonstrate a
difference in 1-year actuarial graft survival for patients
with or without protocol cytoscopic transduodenal pan-
creas biopsies [26].

We have previously shown that in both SPK and kid-
ney transplantation alone, vascular kidney rejection is
associated with significantly decreased renal graft sur-
vival [3, 22]. In pancreas rejection, however, no studies
have been performed in which IR and VR were ana-
lyzed separately and related to graft survival.

In this study, we analyzed 36 pancreas biopsies and 10
transplantectomies from 32 patients who had undergone
a bladder-drained pancreas-kidney transplantation for
the presence of IR and VR, and we studied the impact

of these types of rejection on pancreas graft survival.
Tissue sections were also stained for the presence of in-
sulin- and glucagon-producing cells. The type and sever-
ity of rejection were compared between pancreas sec-
tions and kidney material simultaneously obtained in
23 instances. Furthermore, we studied the relationship
between histological parameters and several routinely
used laboratory parameters that might be indicative of
pancreas rejection.

Materials and methods

Patients

We studied 32 patients who had undergone an SPK at our institutiof
as well as one or more percutaneous pancreas biopsies and/or a pan-
creas transplantectomy. Pancreaticoduodenocystostomy was per-
formed in all patients to ensure exocrine drainage. Patients were fol-
lowed for at least half a year or until end of follow-up. The mean age
of the patients at the time of transplantation was 37.6 years
(SD % 8.3 years) and the mean duration of diabetes was 23.7 years
(SD £ 6.7 years). The mean warm and cold ischemia times of the
pancreas were 23.0 ( + 4.6) min and 11.8 ( + 3.7) h, respectively.

The immunosuppressive regimen consisted of cyclosporin A,
prednisone, and azathioprine. Cyclosporin A was used at a starting
dose of 3 mg/kg per day i.v. and was changed to 8 mg/kg per day
p-o. according to whole blood trough levels as determined by ra-
dioimmunoassay (Cyclotrac-SP; Incstar, Stillwater, Minn., USA):
250-500 ng/ml during the first 3 months and 50-150 ng/ml thereaf-
ter. Prednisone was used at a starting dose of 25 mg/day and was ta-
pered to 20 mg/day after 1 month and again after 3 months to
15 mg/day. Azathioprine was used at a constant dosage of 1.5 mg/
kg per day. OKT3 (Orthoclone Muromonab CD3, Janssen-Cilag,
The Netherlands) induction therapy (5 mg/day for 10 days) was
given to 13 patients. Rejection episodes were treated with methyl-
prednisolone (1g i.v. for 3 days), rabbit antithymocyte globulin
(RIVM, Bilthoven, The Netherlands) for 10 days (5 mg/kg per
day on the 1st day, with subsequent doses given when the absolute
number of lymphocytes was more than 300/mm?® [9]), or OKT3
(5 mg/day i.v. for 10 days) according to a fixed schedule. The type
of rejection, i. e., interstitial or vascular, was not taken into consid-
eration.

Biopsies

A total of 36 percutaneous biopsies and 10 transplantectomies
were performed in the 32 patients studied. Biopsies of the pancreas
were taken with ultrasound guidance using an 18-gauge Biopty
needle (Biopty, Lund, Sweden). Indications for biopsy were: (1)
hypoamylasuria (25% decrease in 24-h urinary amylase when
compared to two prior samples), (2) an edematous pancreas on
CT scan, (3) an elevated serum amylase ( > 600 U/1), and (4) hyper-
glycemia (fasting and postprandial). One biopsy was performed
because of severe hematuria. When clinical and laboratory indica-
tions for pancreas rejection were present but a pancreas biopsy
could not be performed to confirm rejection (due to exudative le-
sions or overlying intestinal loops), these episodes were not consid-
ered in the present study.

The mean time from transplantation to biopsy was 60 days. In-
dications for transplantectomy were: graft failure (n = 6), surgical
site infections and the need to stop immunosuppression (n = 2),
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thrombosis (n = 1), or a combination of pain, fever, and a rise in se-
rum creatinine (n =1). Sections from paraffin-embedded tissues
were stained with hematoxylin-eosin, silver methenamine, and pe-
riodic acid-Schiff (HE staining). Furthermore, sections were
stained with mouse anti-human leukocyte common antigen
(DAKO, Glostrup, Denmark) and with rabbit anti-human insulin
and glucagon, using an indirect three-step immunoperoxidase
method with diaminobenzidine.

Sections were evaluated for the presence of mild, moderate, or
severe IR and VR. For IR, we used the grading system presented
by Benedetti et al. [2], based on the mononuclear infiltrate and in-
volvement of morphological changes in the acinar area. For the
definition of mild, moderate, and severe VR, we used the grading
system used before for the definition of VR in the kidney [3]; this
was somewhat more detailed than the gradation proposed by
Benedetti et al. Leukocyte common antigen staining was used in
additional to HE staining to evaluate the amount of infiltration. In-
sulin- and glucagon-stained sections were evaluated for the pres-
ence or absence of positive cells. Simultaneously taken kidney bi-
opsies and transplantectomies were evaluated for the presence of
IR and VR, using a modification of the Banff classification, as de-
scribed before [3].

Retrospectively, all 36 pancreas transplant biopsies were evalu-
ated with regard to complications due to the procedure. Hemoglo-
bin counts until 1 week after biopsy, clinical records, and ultra-
sound investigations of the pancreas (performed on indication)
were used as indicators for possible complications.

Laboratory parameters

Urinary (24-h collection) and serum amylase, glucose, and creati-
nine levels were determined at the diagnostic laboratory of our
hospital. Amylase was determined using an enzymatic colorimetric
test, and glucose using a UV test (all from Boehringer Mannheim,
Mannheim, Germany).

Statistical analysis

Estimated graft survival rates were calculated from transplantation
until graft loss or end of follow-up using the Kaplan-Meier method
and were compared with the log-rank test. Pancreas graft loss was
defined as a return to insulin dependency, and death with a func-
tioning graft was considered as censoring. The Cox proportional
hazards analysis was used to determine the relative risk of pancre-
as graft loss for patients who had suffered from VR (and IR) dur-
ing follow-up, compared to those with only IR. Spearman’s corre-
lation coefficients were calculated for the relationship between his-
tological and laboratory parameters at the time of biopsy and for
the relationship between the severity of IR (expressed as 0, 1, 2,
or 3 for no rejection, mild, moderate, and severe rejection, respec-
tively) in simultaneously taken pancreas and kidney biopsies. Dif-
ferences in glucose, creatinine, and serum and urinary amylase on
the day of biopsy between the groups with and without rejection
were compared using the Mann-Whitney test. Changes in labora-
tory parameters were compared 7 days before biopsy and on the
day of biopsy using the Wilcoxon test. Statistical analyses were per-
formed with the SPSS program (SPSS, Chicago, Ill., USA).

Table 1 The incidence of interstitial and vascular rejection in pan-
creas biopsies and transplantectomies

Type of Biopsies Transplant-
rejection n =36 ectomies
n=10
No rejection 10 (31 %) 2 (20%)
Interstitial Mild 17 (47 %) 1(10%)
rejection Moderate 8(22%) 6 (60 %)
Severe 1(3%) 1(10%)
Vascular Mild 2 (6%) 3(30%)
rejection Moderate 0 3(30%)
Severe 1(3%) 1(10%)
Results
Histology

Table 1 shows the incidence of mild, moderate, and se-
vere IR and VR in the pancreas biopsies and transplan-
tectomies. IR was seen in 26 of 36 (72 %) biopsies and
was mild in most cases. VR was seen in 3 biopsies, in ad-
dition to an interstitial infiltrate. Vascular changes were
more prominent in the transplantectomies (70 %), while
IR was seen in 80 % of the transplantectomies, although
it was predominantly moderate. Interstitial infiltration
was mainly found in the acinar tissue and consisted pre-
dominantly of mononuclear cells, although one biopsy
also contained granulocytes. The latter findings might
have been associated with a simultaneous E. coli pyelo-
nephritis that occurred in this patient.

In some cases, very few mononuclear cells were also
found in the islets of Langerhans. Immuno-peroxidase
staining showed the presence of insulin-producing cells
in all samples except one biopsy and two transplantecto-
mies, and glucagon-producing cells in all but two biopsies
and two transplantectomies. Ten biopsies and two trans-
plantectomies were without signs of rejection. In one of
these transplantectomies, severe thrombosis was found.

In the case of 20 pancreas biopsies and 3 transplan-
tectomies, the kidney graft was biopsied or removed at
the same time. Vascular rejection was seen in two cases
of a simultaneous transplantectomy and was present in
the pancreas and in the kidney. In six cases (30 %) of a
simultaneous biopsy, one of the organs did not suffer
from rejection, while mild or moderate IR was found in
the other graft. Overall, the severity of IR in the pancre-
as correlated significantly with the severity of IR in the
kidney (r = 0.60, P = 0.003).

Major complications were not observed in relation to
the percutaneous pancreas biopsies. No infectious se-
quelae occurred, and only minor changes in hemoglobin
concentration were found (a maximum decrease of
10 %). In three cases, a slight lesion, a suspected hemato-
ma, was found at ultrasound investigation 1 day after bi-
opsy. These lesions resolved without additional therapy.
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Fig.1 Kaplan-Meier graft survival curves for grafts that never suf-
fered from rejection (R, n = 8), grafts with only interstitial rejec-
tion (IR) during follow-up (n = 15), and grafts with one or more
vascular rejection (VR) episodes (n=9). Survival curves for IR
and VR were significantly different (log-rank, P = 0.02). No differ-
ence was found between survival curves for IR and no rejection
(log-rank, P =0.15)
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Fig.2 Serum amylase (U/l) on the day of biopsy for biopsies with-
out rejection (n = 10) and biopsies with rejection (n = 24)

Graft survival

To study the impact of IR and VR in the pancreas on
survival of the graft, Kaplan-Meier graft survival curves
were calculated for grafts without rejection, grafts with
only IR during follow-up, and grafts that had suffered
from one or more VR episodes (with or without IR;
Fig.1). Grafts were lost due to rejection or, in two cases,
due to thrombosis. Graft survival differed significantly

between the group with IR only and the group with VR
(log-rank, P = 0.02). One-year survival for grafts with
IR was 77 % and for grafts with VR 33 %. The relative
risk of graft loss for VR over IR was 4.2 (95 % CI 1.3-
18.6). There was no significant difference between the
survival curves for grafts without rejection and those
with IR. Variations in graft survival were not caused by
differences in the number of HLA-A, B, or DR mis-
matches between the groups.

Correlation of histological rejection with laboratory
parameters

To find out whether standard laboratory paramet}érs
could be predictive for histological rejection, we studied
the concentrations of serum amylase, glucose, creatinine,
and urinary amylase from 7 days before until the day of
biopsy. Transplantectomies were not considered because
90 % of these suffered from thrombosis, which might in-
fluence the levels of potential rejection markers. Biop-
sies were divided into two groups: those without rejec-
tion and those with mild, moderate, or severe IR, with
or without VR. No significant difference was observed
between the two groups regarding concentrations of se-
rum amylase, glucose, creatinine, or percentage decrease
in urinary amylase on the day of biopsy. However, for all
but one biopsy, an increased serum amylase { > 600 U/1)
was associated with rejection (Fig.2), indicating that se-
rum amylase is still a useful marker.

To study whether the increase in serum amylase, glu-
cose, and creatinine prior to the day of biopsy might be
more informative than concentrations on the day of bi-
opsy, we compared the concentrations of these parame-
ters from 7 days before biopsy with those from the day
of biopsy using a Wilcoxon test for paired observations.
No significant difference was observed between these
time points for either the group without rejection or
the group with histologically proven rejection, indicat-
ing that there was no significant increase in serum amy-
lase, glucose, or creatinine prior to the taking of biopsies
with or without rejection.

Discussion

In this study we showed that leukocytes infiltrating the
pancreas during rejection are predominantly localized
in the exocrine part, i.¢., acinar tissue, while in some bi-
opsies and transplantectomies an infiltrate was also seen
in the islets of Langerhans. Nakhleh et al. [16] have
shown that an infiltrate in the islets of Langerhans is as-
sociated with recurrent diabetes, but if normal percent-
ages of insulin- and glucagon-positive cells are present,
this can also indicate rejection. Recently, two cases
were reported of SPK recipients with recurrent diabetes
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in their pancreas grafts showing infiltration in the islets
but not in the exocrine tissue and a decrease or absence
of insulin-positive cells [30]. In our tissue samples with
isletitis, there was always normal insulin and glucagon
staining and an exocrine infiltration that was, in several
cases, moderate to severe. We, therefore do, not consid-
er the presence of isletitis in our series as recurrence of
diabetic disease in these grafts but rather as an expres-
sion of more severe IR. This is in agreement with the
findings from a recent study by Drachenberg et al. [7],
who were also unable to demonstrate the recurrence of
diabetes in their series.

In 9 % of the biopsies and 70 % of the transplantecto-
mies studied, we found signs of endovasculitis associat-
ed with intimal or medial thickening, indicating that
the rejection process also involved the vessels of the
graft. However, we cannot exclude the possibility that
VR might have been missed in some biopsies due to a
sampling error.

In a large study on open duct, enteric-drained, and si-
lastic and prolamine duct-injected grafts, the Minnesota
group showed that endovasculitis is a useful feature to
distinguish acute rejection from pancreatitis [23]. In
their study on cystoscopic biopsies in bladder-drained
grafts, however, interstitial and vascular pancreas rejec-
tion could occur independently [2]. In our study, we
also often found acute interstitial rejection in percuta-
neously taken biopsies without the presence of VR. A
polymorphonuclear infiltrate was found in one biopsy
that could be explained by a concurrent E. coli pyelone-
phritis in this patient.

The presence of one or more VR episodes during fol-
low-up resulted in significantly decreased graft survival
when compared to grafts that had only suffered from
IR. We previously found that renal graft survival in
SPK recipients was also significantly decreased when
VR episodes occurred during follow-up [3]. A study on
rejection after kidney transplantation alone in our hos-
pital also showed decreased graft survival for patients
with VR and an adjusted relative risk of graft loss of
4.92 (95 % CI 3.25-7.43) [22]. Thus, VR is an important
factor in determining the prognosis of both kidney and
pancreas allografts. This supports the use of a histologi-
cal classification system that distinguishes between IR
and VR. Until now, no distinction has been made be-
tween the presence of IR and/or VR in antirejection
treatment. However, future pancreas rejection episodes
that also involve the vessels of the graft may be treated
more stringently than episodes with only IR.

For 23 of the 46 pancreas biopsies and transplantec-
tomies, concurrent kidney tissue was obtained. A posi-
tive correlation was found between the severity of IR
in the kidney and in the pancreas. A study by Allen
et al. [1] showed comparable findings in kidney and pan-
creas in 69 % of the cases and no isolated pancreas re-
jection, while others have reported the latter [10]. In

our group, we found isolated pancreas rejection in 4
out of 20 simultaneously taken pancreas and kidney bi-
opsies. This is, however, probably an underestimation
of its occurrence since, for 16 of the 36 pancreas biopsies
studied, no concurrent kidney biopsy was taken. In light
of this and the fact that isolated kidney rejection is also a
common phenomenon after pancreas-kidney transplan-
tation, a biopsy of one of the grafts cannot predict the
status of the other. However, our data show that when
both grafts suffer from rejection, the type (IR or VR)
and severity of IR can, in theory, be determined by per-
forming only one biopsy.

In 31 % of the biopsies, we found aberrant laboratory
parameters but no histological signs of rejection. This
group could theoretically include clinical situations
such as CMYV infection or pancreatitis. However, these
biopsies were completely normal, and CMV could be
excluded both clinically and with the pp56 immunofluo-
rescence test [24].

Monitoring pancreas graft rejection should ideally be
performed with the help of a reliable serum or urinary
marker, facilitating an early and less invasive diagnosis.
Klassen et al. [10] showed, in a recent study, that at the
time of suspected pancreas rejection, changes are seen
in commonly used laboratory markers, but they con-
cluded that these are only 80 % specific for acute rejec-
tion. Here, we have studied the levels of serum amylase,
glucose, and creatinine, and the percentage decrease in
urinary amylase for biopsies with and without histologi-
cally proven rejection, but we found no significant dif-
ference between the groups. High serum amylase levels
(> 600 U/l), however, were nearly always associated
with an interstitial infiltrate and might, therefore, still
be clinically useful. Some promising results have been
found in studies regarding the use of serum anodal
trypsinogen as a putative marker for pancreas rejection
[5, 12, 20]. Further studies, correlating serum anodal
trypsinogen with pancreas core biopsy-proven rejection,
are needed to determine whether it may be a useful re-
jection marker. Our group has recently shown that pan-
creatitis-associated protein (PAP) may be a new and
useful serum marker for pancreas rejection and that it
is also detectable in situ by immunohistochemical stain-
ing of pancreas biopsies with rejection [21].

We conclude that vascular pancreas rejection is an
important factor in determining the prognosis of the
graft. Laboratory rejection markers did not correlate
significantly with histologically defined rejection, sug-
gesting that a percutaneous pancreas biopsy, which is a
safe procedure, remains the most reliable method for
determining the type and severity of pancreas rejection.
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