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Objective
To compare portal and systemic venous drainage of pancreas
transplants and demonstrate an immunologic and survival
superiority of portal venous drainage.

Summary Background Data
Traditionally, solitary pancreas transplants have been per-
formed using systemic venous and bladder drainage, but
more recently, the advantages of enteric drainage have been
well documented. Although physiologic benefits for portal ve-
nous drainage have been described, the impact of portal ve-
nous drainage, especially with solitary pancreas transplants,
has yet to be determined.

Methods
Since August 1995, 280 pancreas transplants with enteric
duct drainage were analyzed. One hundred and seventeen
were simultaneous pancreas and kidney (SPK), 63 with sys-
temic venous drainage (SV) and 54 with portal venous drain-
age (PV). The remainder were solitary transplants; 97 pan-
creas after kidney (PAK; 42 SV and 55 PV) and 66 transplants
alone (PTA; 26 SV and 40 PV). Immunosuppressive therapy
was equivalent for both groups.

Results
The groups were similar with respect to recipient characteris-
tics and HLA matching. Thirty-six month graft survival for all
transplants was 79% for PV and 65% for SV (P 5 .008). By
category, SPK graft survival was 74% for PV and 76% for SV,
PAK graft survival was 70% for PV and 56% for SV, and PTA
graft survival was 84% for PV and 50% for SV. The rate of at
least one rejection episode was also significantly higher in the
SV group. At 36 months, for all pancreas transplants, the re-
jection rate was 21% for PV and 52% for SV (P , .0001). For
SPK, rejection rates were 9% for PV and 45% for SV. For
PAK, rejection rates were 16% for PV and 65% for SV, and
for PTA 36% for PV and 51% for SV. The rejection rates for
kidneys following SPK were also lower in the PV group (26%
versus 43% for SV). Furthermore, the grades of rejection were
milder in PV for all transplants (P 5 .017). By multivariate anal-
ysis, portal venous drainage was the only parameter that sig-
nificantly affected rejection.

Conclusion
Graft survival and rejection is superior for PV. These clinical
findings are consistent with published reports of experimen-
tally induced portal tolerance and strongly argue that PV
drainage should be the procedure of choice for pancreas
transplantation.

During the past few years, we have witnessed a signifi-
cant improvement in pancreas graft survival rates, resulting

in a dramatic increase in the number of pancreas transplants
performed. In 1998, more than 1,200 pancreas transplants
were performed in the United States, a 15% increase from
the previous year.1 The technique of draining the pancreatic
duct into the donor jejunum that was originally described2

has historically been associated with a high incidence of
intraabdominal infections. As a result, the modified tech-
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nique of bladder drainage3 gained wide acceptance as the
method of choice for pancreatic duct drainage. Recently,
enteric duct drainage has been readopted by many pancreas
transplant centers primarily to avoid the well-known meta-
bolic and urologic complications of bladder drainage. Ac-
cording to the International Pancreas Transplant Registry,1

the proportion of enteric-drained procedures has continu-
ously increased, concomitant with the number of centers
using this technique. In 1995, 29% of all transplant centers
performed at least one enteric-drained pancreas transplant,
but by 1998, 98% of the transplant centers in the United
States had at some point used enteric drainage. The graft
survival and technical failure rates are comparable to those
of bladder-drained pancreatic grafts. With recognition that
more than 20% of bladder-drained grafts have to be con-
verted to enteric drainage by 2 years, enteric drainage with
systemic venous drainage has emerged as the procedure of
choice.

Systemic venous drainage of pancreas transplants has
been associated with hyperinsulinemia,4–6 which itself has
been associated with dyslipidemia.7 This raised the concern
that pancreas transplantation with systemic venous drainage
might promote accelerated atherosclerosis independent
from the dyslipidemic effects of immunosuppressive med-
ication.4,8 To circumvent this problem, in 1992 Rosenlof et
al9 described a more physiologic technique of draining the
transplanted pancreas into the recipient’s portal circulation
via the splenic vein. The technique was later modified by
Gaber et al. to drain directly into the superior mesenteric
vein.10 This technique has resulted in significantly reduced
plasma insulin and C-peptide levels11 as well as improve-
ments in lipoprotein composition.12 However, the immuno-
logic benefits, although alluded to in a small number of
patients,13 were not confirmed by appropriate comparisons
of systemic- and portal-drained procedures in a larger series.
Numerous experimental models have shown an immuno-
modulatory role of the liver after exposure of donor antigen
into the portal vein. It is possible, therefore, that drainage of
the transplanted pancreas into the portal vein mimics these
experimental models and elicits a degree of immunomodu-
lation. The purpose of this study was to assess whether an
immunologic or survival advantage exists in portal venous
versus systemic venous drainage in both solitary pancreas
transplants and in combined kidney and pancreas
transplants.

METHODS

Patient Population

An analysis was done on 280 patients with insulin-de-
pendent diabetes mellitus type 1 who received pancreas
transplants at the University of Maryland between August
1995 and June 2000. The indications for pancreatic trans-
plantation included severe glycemic lability, evidence of
progressive secondary diabetic complications, or end-stage

renal disease. Three types of transplants were performed:
simultaneous pancreas and kidney (SPK), pancreas after
kidney (PAK), and pancreas transplant alone (PTA). One
hundred seventeen SPK transplants were performed, 63
with systemic venous drainage and 54 with portal venous
drainage. Ninety-seven PAK transplants (42 systemic ve-
nous and 55 portal venous) and 66 PTAs (26 systemic
venous and 40 portal venous) were also performed. Re-
cently, we have developed the technique of combining a
cadaveric pancreas transplant with a living donor kidney in
one operation with excellent results.14 Forty-six of these
procedures were performed, of which only two were drained
systemically. These patients were not included in the
analysis.

Immunosuppression

Postoperative antilymphocyte antibody (ATGAM to
38%, OKT3 to 54%) was given as immune induction for
nearly all patients receiving pancreas transplants (8% re-
ceived no induction as part of research studies). ATGAM
doses were adjusted daily to achieve fewer than 50 CD31
lymphocytes/mm3. OKT3 was administered at 5 mg/day
with an increase to a maximum of 10 mg if the CD31 cells
exceeded 5% of the total lymphocyte count. Antilympho-
cyte antibody was discontinued between 10 and 14 days
when satisfactory FK-506 levels were obtained. After April
1994, with the general availability of tacrolimus, we began
a prospective trial of PTAs using tacrolimus-based immu-
nosuppression. Based on these encouraging results, tacroli-
mus-based therapy became our standard in 1995 except in
those few circumstances in which cyclosporine (Neoral)
was used for tacrolimus intolerance (,5%). In August
1995, mycophenolate mofetil (MMF) replaced azathioprine.
The dose of MMF was 1 to 1.5 g twice daily unless toxicity
was a problem, in which case the dose was decreased.
Postoperative prednisone was tapered from 2 mg/kg per day
on the first postoperative day down to 0.3 mg/kg per day by
day 15. Thereafter, prednisone was further tapered at the
discretion of the clinic physician. Tacrolimus is dosed to
achieve trough levels of 15 to 20 ng/mL during the first year
and 12 to 15 ng/mL thereafter. Therefore, since August
1995, induction and maintenance immunosuppression has
remained constant in our institution independent of surgical
technique. To eliminate the effects of immunosuppression,
our analysis began in August 1995 and ended in June 2000,
a period during which all aspects of management except
venous drainage were identical.

The mean follow-up for all pancreas transplants was 29.6
months (SPK, 29.6 months; PAK, 21.7 months; PTA, 23.9
months). The mean follow-up for systemic-drained pan-
creas transplants is 32.7 months and for portal-drained 19.6
months.
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Surgical Procedure

The systemic-drained pancreas transplant is performed
using previously published techniques. For systemic drain-
age, with combined kidney and pancreas transplants, the
renal allograft is anastomosed to the left iliac vessels, and
the pancreas to the right iliac vessels. The portal vein is
anastomosed end to side to a completely mobilized right
common and external iliac vein. A loop of jejunum is then
used for a side-to-side anastomosis to the transplant duode-
num without the use of a Roux-en-Y limb.

Portal venous drainage was first attempted in patients
with previous pancreas transplants to decrease the technical
difficulties encountered with previously dissected iliac
veins. As portal venous drainage became more accepted and
as the benefits became evident, it replaced systemic drain-
age as the procedure of choice, even in de novo patients.
Currently, an attempt is made to drain all pancreas trans-
plants to the portal circulation, but given anatomic limita-
tions this cannot always be achieved. The anatomic limita-
tions include significant recipient obesity, previous
transplantation, and short donor iliac arterial Y grafts.

The technique of portal drainage has been previously
described10 but has been modified in our institution. The
portal vein is anastomosed end to side to the superior
mesenteric vein inferior to the transverse mesocolon. The
donor iliac artery is passed through a small window made in
the jejunal mesentery and anastomosed end to side to the
right common iliac artery. Enteric drainage is then achieved

via a side-to-side duodenojejunostomy without the use of a
Roux-en-Y limb.

Statistical Analysis

Graft survival is calculated using Kaplan-Meier curves
and univariate analysis was done using the log-rank test.
Graft survival was calculated based on grafts lost to tech-
nical failures, rejection, infections, or other reasons. Patients
who died with functioning grafts are also included as grafts
lost. In contrast to graft survival, rejection rates were cal-

Figure 1. Overall graft survival rates after pancreas transplantation.
The overall graft survival for all categories of pancreas transplants was
significantly greater in the portal drainage group (P 5 .0008). The 36-
month graft survival rate was 65% for systemic drainage and 79% for
portal drainage.

Figure 2. Graft survival rates after (A) simultaneous pancreas and kid-
ney transplant (SPK), (B) pancreas after kidney transplant (PAK), and (C)
pancreas transplant alone (PTA). The 36-month graft survival rates were
for SPK, 74% for portal drainage and 76% for systemic drainage (P 5
.880); for PAK, 70% for portal drainage and 56% for systemic drainage
(P 5 .110); and for PTA, 84% for portal drainage and 50% for systemic
drainage (P 5 .011).
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culated on technically successful transplants only. The cu-
mulative rate of at least one rejection episode after trans-
plantation was calculated using Kaplan-Meier curves.
Rejection rate calculations were based on both biopsy-
proven rejections and clinically suspected rejections that
failed attempted biopsies. Univariate analysis was done
using the log-rank test. Multivariate analysis using Cox
regression with stepwise forward progression was per-
formed on previously studied risk factors for pancreas allo-
graft failure and rejection that include both donor and re-
cipient characteristics. In the 1998 International Pancreas
Transplant Registry,1 the variables identified included the
type of transplant, donor age, HLA matching between the
donor and recipient, duct management, and immunosup-
pression, including the use of tacrolimus and MMF. Given
that all our transplants involved enteric drainage and that
immunosuppression did not vary between the groups stud-
ied, multivariate analysis of the following risk factors was
performed: date of transplant, type of transplant, induction
agent, donor age, HLA antigen match between donor and
recipient, and venous drainage.

RESULTS

The patient demographics and clinical characteristics
were similar in each group. There was no difference in mean
age (38.1 for systemic venous drainage, 40.1 for portal
venous drainage,P 5 .480), gender (57% male for systemic
drainage, 63% for portal drainage,P 5 .070), or race (82%
white for systemic drainage, 86% for portal drainage,P 5
.898). The study groups were also similar with respect to
donor and recipient HLA matching. The mean HLA antigen
mismatch for all pancreas transplants was 4.256 1.44 for
the systemic drainage group and 4.126 1.52 for the portal
drainage group (P 5 .441).

Kaplan-Meier 36-month patient survival rates were sim-
ilar for both groups, 89% for portal drainage and 93% for
systemic drainage (P 5 .24). Pancreas graft survival for all
patients is shown in Figure 1. The overall graft survival rate
for all categories of pancreas transplants was significantly
greater (14%) in the portal drainage group (P 5 .008). The
36-month graft survival rate was 65% for the systemic
drainage group and 79% for the portal drainage group.
Figure 2 shows the graft survival rates for SPK, PAK, and
PTA. For SPK, graft survival rates were equivalent for
portal and systemic drainage. For PAK and PTA, however,
graft survival rates were higher in the portal drainage
groups, a difference more pronounced with PTA (P 5 .011).

The rate of at least one rejection episode was calculated
using Kaplan-Meier curves. Figure 3 depicts this rate of
rejection in both groups. For all pancreas transplants, the
portal drainage group had a significantly lower rejection rate
than the systemic drainage group. At 36 months, the rejec-
tion rate was 52% for the systemic drainage group and 21%
for the portal drainage group (P , .0001). Figure 4 displays
a similar picture for each transplant category. For SPK, the

rejection rate was 9% for the portal drainage group versus a
45% 36-month rejection rate in the systemic drainage group
(P 5 .0002). For PAK, the 36-month pancreas rejection rate
for the portal drainage group was 16% compared with 65%
for the systemic drainage group (P 5 .0001). For PTA,
pancreas rejection at 36 months was 36% for the portal
drainage group, whereas systemic-drained transplants had a
51% rejection rate. Because of the smaller patient numbers,
however, this did not reach statistical significance (P 5
.252).

A similar difference in rejection rates was noted when
kidneys were analyzed after SPK transplants. A 17% dif-
ference in rejection rates was seen: 43% for systemic drain-
age versus 26% for portal drainage (P 5 .002; Fig. 5).

In an attempt to rule out an “era effect,” analysis was
undertaken of all the pancreas transplants performed during
a single year when portal venous drainage was first begun.
Between September 1996 and September 1997, 69 pancreas
transplants were performed, 26 with portal venous drainage
and 43 with systemic venous drainage. The 3-year graft
survival rate was superior for portal drainage, 67% versus
54% (P 5 .1120). Moreover, the incidence of at least one
rejection episode was significantly lower in the portal drain-
age group, 14% versus 56% (P 5 .0006). Hence, the dif-
ferences hold true even in this small cohort of patients,
including many portal drainage patients who were receiving
secondary or tertiary transplants.

Because portal venous drainage resulted in fewer rejec-
tion episodes, it would also be relevant to study the severity
of rejection of patients who had rejection in each group. For
all portal drainage transplants, the vast majority of rejec-
tions were borderline or mild (grade 1 or 2 based on the
Maryland classification15). In comparison, the grades of
rejection for the systemic drainage transplants were more
evenly distributed, with a larger percentage displaying mod-
erate and severe (grades 3–5) rejection. The mean grade of
rejection based on the Maryland classification was 1.83 for

Figure 3. Cumulative rate of at least one rejection episode after pan-
creas transplantation. The overall rejection rate for all categories of
pancreas transplants was significantly lower in the portal drainage
group (P , .0001). The 36-month rejection rate was 21% for portal
drainage and 52% for systemic drainage.
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portal drainage versus 2.33 for systemic drainage (P 5
.017).

In the tacrolimus-based immunosuppression era, factors
thought to influence the rejection rate after pancreas trans-
plantation were analyzed by multivariate analysis. These
included the year of transplant (era effect), induction ther-
apy, the type of transplant, HLA matching (either 0 or 1
antigen mismatch, or a 5 or 6antigen mismatch), and portal
drainage. The results are shown in Table 1. The only pa-
rameter that affected rejection to a significant degree was
the route of venous drainage (P , .0001). The relative risk
of rejection for portal drainage was 0.25.

DISCUSSION

It has long been hypothesized that portal venous drainage
of pancreas allografts should offer physiologic benefits. The
prevention of hyperinsulinemia and improvements in the
lipoprotein profiles in patients receiving portal-drained pan-
creas allografts have been well documented.11,12 In this
study we sought to determine whether portal venous drain-

Figure 4. Rate of at least one rejection episode after (A) simultaneous
pancreas and kidney transplant (SPK), (B) pancreas after kidney trans-
plant (PAK), and (C) pancreas transplant alone (PTA). The 36-month
rejection rates were for SPK, 9% for portal drainage and 45% for sys-
temic drainage (P 5 .0002); for PAK, 16% for portal drainage and 65%
for systemic drainage (P 5 .0001); and for PTA, 36% for portal drainage
and 51% for systemic drainage (P 5 .252).

Figure 5. Cumulative rate of at least one rejection episode of kidneys
after simultaneous pancreas and kidney transplantation. The rejection
rate was 26% for portal drainage and 43% for systemic drainage (P 5
.002).

Table 1. MULTIVARIATE ANALYSIS OF
VARIABLES THOUGHT TO AFFECT

REJECTION

Variable
P

Value
Relative

Risk

Year of transplant .190 0.86
Induction

ATGAM .481 1.11
OKT3 .238 0.86

Type
SPK .100 0.50
PAK .723 0.86
PTA .918 0.95

HLA antigen mismatch
0, 1 .935 0.95
5, 6 .677 1.07

Portal drainage .000 0.25

SPK, simultaneous pancreas and kidney; PAK, pancreas after kidney; PTA, pan-
creas transplant alone.
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age also conveys an immunologic advantage in addition to
the physiologic benefits previously noted.

We have shown by both univariate and multivariate anal-
ysis that pancreas allografts drained into the portal vein,
irrespective of whether a kidney was cotransplanted, had a
significantly lower incidence of acute rejection than allo-
grafts that were drained systemically into the iliac vein.
Several factors might influence these results. First, few
would disagree that immunosuppression has improved sig-
nificantly in the past decade. With the introduction of MMF
and tacrolimus, allograft survival and rejection rates for
both renal and pancreas transplants have significantly im-
proved. In our institution, multivariate analysis of variables
affecting graft survival and rejection after pancreas trans-
plantation since 1991 revealed tacrolimus and MMF to be
the only variable with a significant positive impact. HLA
antigen matching has had no effect on either survival or
rejection (manuscript in preparation). With these factors in
mind, it was important to assess the immunologic impact of
portal drainage during a period when the immunosuppres-
sive protocol had not varied. Since August 1995, we have
instituted the routine use of tacrolimus, MMF, and pred-
nisone as maintenance immunosuppression after antilym-
phocyte induction therapy. Few patients required changing
to cyclosporine (Neoral) as baseline immunosuppression as
a result of intolerable toxicity to tacrolimus. Therefore,
immunosuppression in itself could not account for the im-
proved outcome with portal drainage of pancreas
transplants.

A second factor that could affect rejection is the possi-
bility of unrecognized rejection episodes because of the
lower rate of successful percutaneous pancreas biopsies
after portal drainage. Our center has adopted an ultrasound-
guided percutaneous pancreas biopsy under local anesthesia
that has historically yielded tissue in greater than 88% of the
patients after systemic drainage.16 However, these pancreas
transplants were placed in the pelvis, where access for
percutaneous biopsy is more successful than portal-drained
pancreas transplants. Although this may influence outcome,
missed rejection episodes should manifest as late graft loss,
a finding we have not observed in patients with portal
drainage. Further, biopsies were not essential in establishing
a rejection episode. Therefore, suspected rejection events
based on biochemical analysis that were not successfully
biopsied were treated and therefore counted as rejection
episodes in our analysis. Elevated serum amylase and lipase
levels correlate with histologic rejection in greater than 85%
of the patients based on previous reports from our institu-
tion.17 Therefore, it can be estimated that 15% of the sus-
pected rejections treated and therefore counted in our anal-
ysis were not truly rejections, thereby artificially increasing
the rejection rate in the portal drainage group. Based on the
above calculations, however, this difference would be small
and probably insignificant.

Because the results of pancreas transplantation have im-
proved nationwide during the past few years regardless of

the drainage technique, it is theoretically possible that the
survival and perhaps the rejection benefits observed were
due to better techniques and better patient management, or
perhaps more experience. Although confounding variables
were addressed in the multivariate analysis, it was espe-
cially important to rule out an era effect. It was shown by
multivariate analysis that the year of the transplant was not
an independent prognostic factor and did not influence
outcome. In a separate analysis of all the pancreas trans-
plants performed during a single year when portal venous
drainage was first begun, the differences in graft survival
rates and especially rejection rates held true even in a small
cohort of patients including many portal drainage patients
who were receiving secondary or tertiary transplants. There-
fore, the differences observed between the drainage tech-
niques cannot be attributed to improvement in techniques or
acquired patient management skills.

The impetus for this study was based on experimental
models of portal tolerance that have been established for
years. It has long been known that introduction of donor
antigen into the portal vein can enhance allograft survival.
In certain rodent strain models, cardiac18–20 and renal21

allografts have been prolonged by preimmunization with
donor antigen specifically injected in the portal vein. Drain-
age of allografts themselves directly into the portal vein has
also resulted in prolongation of heart, kidney, and small
bowel allograft survival.20–24 In a certain rat strain combi-
nation, Kamei et al24 showed that indefinite survival of heart
allografts can been achieved with a combination of portal
preimmunization and portal drainage of the allograft. In that
study, rats were preimmunized with UVB-treated donor
splenocytes through the portal vein, systemic vein, or none
at all, followed by transplantation of a heart allograft
drained systemically or via the portal vein. Prolongation of
graft survival was observed either by preimmunization or by
draining the allograft through the portal vein. The most
dramatic results were seen, however, when both preimmu-
nization and allograft drainage were done via the portal
vein: 80% of the grafts survived more than 120 days. This
study clearly delineated the importance of constant stimu-
lation of the hepatic environment to maintain permanent
tolerance.

The liver is rich in migratory passenger leukocytes, in-
cluding dendritic cells, widely regarded as the primary
antigenic component of transplanted organs. The important
interaction of the apoptotic cells (experimentally induced by
UVB irradiation) presented in the portal vein with the
resident hepatic dendritic cells could therefore prove ex-
tremely important. Albert et al25 elegantly showed that
dendritic cells acquire antigen from apoptotic (but not ne-
crotic) cells and induce class 1 restricted CTL, also known
as cross-presentation. Cross-presentation has also been
shown to induce tolerance when nonprofessional antigen-
presenting cells are recruited.26 Liver dendritic cells are
phenotypically and functionally immature and distinct from
bone marrow-derived dendritic cells.27 It is hypothesized
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that these dendritic cells lack coactivation molecules, there-
fore preferentially inducing anergy or tolerance through
various mechanisms. Other mechanisms have also been
proposed to support the hypothesis of the liver having an
immunomodulatory role. Gorczynsky et al28 have shown
that after portal vein pretransplant immunization with
splenocytes, hyporesponsiveness via a Th2 cytokine re-
sponse is seen, and that activatedgd T cells, which are
enriched in certain organs including the liver, appear essen-
tial in providing signals forab T cells to preferentially
express a Th2 response.29

The protective effect of the liver in combined kidney and
liver transplantation has also been well established clinical-
ly.30,31 Although this can be related to the mechanisms
proposed above or to the presence of passenger leukocytes,
the causal relationship has not been established. In our
analysis of SPK transplants, kidney graft survival and re-
jection rates were improved with portal drainage of the
pancreas transplant. The introduction of peripancreatic
nodal tissue in the portal vein could theoretically induce an
immunomodulatory response in the host liver, which can
have a protective effect on both organs from the same
donor. This is an interesting albeit unproven concept that is
the basis of future investigation.

Chronic rejection is a poorly understood entity that prob-
ably involves multiple complex immunologic mechanisms.
The correlation between the number or severity of acute
rejections and late graft loss has been well documented in
other organ transplants. Acute rejection has also predicted
graft loss from chronic rejection in kidney transplants.32

The potential advantages in terms of chronic rejection of-
fered by portal venous drainage could conclusively be es-
tablished only by long-term data and the collective experi-
ence of other centers’ data submitted to the registry.
However, if the correlation between acute and chronic re-
jection exists in pancreas transplantation as it does in kidney
transplantation, the immunomodulation offered by portal
venous drainage would also protect the allografts from
chronic rejection.
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