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While pancreas transplantation has evolved within
two decades from a frustrating and poorly-accepted
therapeutic option to a highly successful procedure,
the respective benefits of the successive surgical and
immunosuppressive developments have remained un-
clear. The aim of this study was to determine us-
ing an evidence-based methodology, which novel ap-
proaches have contributed to the current results and
whether pancreas transplantation is cost-effective.
Out of 2481 articles, 102 analyzed either surgical or
immunosuppressive aspects of pancreas transplanta-
tion. Urological complications were more frequent in
bladder over enteric drainage (range: 62–63% vs. 12–
20%, p = 0.0001), but without significant difference
in patient or graft survival. Portal drainage was associ-
ated with a trend toward fewer complications and bet-
ter hyperinsulinemia control over systemic drainage
in retrospective studies. Immunosuppression combin-
ing induction therapy, a calcineurin inhibitor, mycophe-
nolate mophetil (MMF) and corticosteroids were as-
sociated with a 40% decreased incidence of rejection
(p = 0.01) and an increase in graft survival above
90% at 1 year (p < 0.05). Pancreas transplantation is
highly cost-effective compared to conservative alter-
natives. We conclude that despite a paucity of large
studies, enteric drainage should be recommended but
the benefits of portal venous drainage remain de-
bated. Quadruple immunosuppression protocols in-
cluding induction therapy should be the standard
regimen.
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Introduction

Kelly et al. performed the first pancreas transplantation in
1966 at the University of Minnesota (1). Until the early 80s,
the reported worldwide series were characterized by poor
success rates due to a high incidence of surgical complica-
tions and irreversible rejection (2–5). From the mid-1980s,
innovative technical and anti-rejection strategies enabled
significant improvement in graft function and survival. The
introduction of exocrine bladder drainage was associated
with a decreased incidence of post-operative complica-
tions mostly related to earlier detection of rejection through
monitoring of urine amylase levels (6). The availability of Cy-
closporin A (CyA) in 1983 undoubtedly further contributed
to better graft survival (7). Many recent innovations in pan-
creas transplantation have contributed to improvements
with a 93% 1-year graft and patient survival rates reported
in 2002, by the International Pancreas Transplant Registry
(IPTR) (8,9). However, which interventions have provided
benefits remains controversial and no evidence-based rec-
ommendation on a surgical procedure or immunosuppres-
sion protocol is currently available.

The need to base clinical decisions on the best available
scientific evidence is supported by the importance of qual-
ity control and cost-containment, as well as the increasing
patient interest for the best available treatment. Evidence-
based surgery is a modern approach to achieve objec-
tive criteria for indications and operation techniques. Alter-
native therapies such as islet cell transplantation (10) or
insulin pump devices as less invasive procedures, may
challenge the value of pancreas transplantation in the near
future. Therefore, a critical assessment of the current re-
sults of pancreas transplantation appears timely.

The aim of this study was to perform an evidence-based
analysis of simultaneous pancreas-kidney transplantation
(SPK) and pancreas transplantation alone. We assessed
the outcome according to the different operation tech-
niques and immunosuppression protocols, and looked at
cost-efficiency.

Materials and Methods

Literature research

An electronic search of the Medline database from 1992 to December 2004
was performed to identify all relevant articles comparing surgical techniques
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and immunosuppression protocols in pancreas transplantation. The follow-
ing search terms in the medical subject heading, title and abstract were
used in various combinations to refine the search: pancreas, transplanta-
tion, drainage, bladder drainage, enteric drainage, portal drainage, systemic
drainage, immunosuppression and cost analysis. In addition, we performed
manual cross-referencing to identify further articles. All studies that com-
pared different surgical techniques and immunosuppression regimens in
SPK were included. Furthermore, we included all articles on cost analysis
and pancreas transplantation alone.

Besides the Medline database, another important source of information
about pancreas transplantation since 1980 is the International Pancreas
Transplant Registry (IPTR), held at the University of Minnesota (8). The
database is said to sample about 95% of all pancreas transplantations per-
formed worldwide, but its value is somewhat limited due to the voluntary
self-declaration nature of the data collection. The registry date was used in
the present analysis only for epidemiologic information.

Study review and quality grading

All studies were reviewed independently by two of the authors (ND and MS)
as requested in proper evidence-based analysis (11). Discrepancy between
the reviewers was resolved by consensus. We included only published
full-length papers in English. Review articles, registry data, abstracts and
publications of abstract character were excluded. If more than one study by
the same group was published with data repetition, only the most recent
publication was included in the analysis. The studies were assessed for
the following endpoints: 1-year graft survival, 1-year patient survival rate,
complication rate, pancreas leakage rate and rejection rate.

All studies were classified according to their level of evidence using the
classification proposed by the Oxford Centre for Evidence-based Medicine
(Table 1) (11–13). Based on the level of evidence, grades of recommendation
(A, B, C, D) were given. Thereby, grade A provides the best and strongest
recommendation since it is based on the highest level of evidence (RCT
and meta-analysis). The next levels of recommendations are grade B and
C which are used for lower study qualities such as cohort (grade B) and
case control studies (grade C). Finally, grade D demonstrates the lowest
recommendation since it is based only on expert opinions.

Table 1: Levels of evidence and grade of recommendation pro-
posed by the Oxford Center for Evidence-based Medicine (11)

Level of Grade of
evidence Grading criteria recommendation

1a Systematic review of RCTs
including meta-analysis

A

1b Individual RCT with narrow
confidence interval

A

1c All or none studies B
2a Systematic review of cohort

studies
B

2b Individual cohort study and low
quality RCT

B

2c Outcome research study C
3a Systematic review of case-control

studies
C

3b Individual case-control study C
4 Case-series, poor quality cohort

and case-control studies
C

5 Expert opinion D

RCT = Randomized controlled trial.

Results

What material is available for an evidence-based

analysis of SPK transplantation?

A total of 2481 articles were identified in the Medline
database. Out of these, 48 were classified as randomized
clinical trials (RCT), and 214 as clinical trials according to
the national library of medicine. Thirty-six of these publica-
tions analyzed the outcome according to various types of
surgical drainage techniques, and 66 papers investigated
the outcome of different immunosuppression protocols.

Out of the 36 studies assessing various aspects of surgi-
cal techniques, 16 had an abstract character only and 6 did
not specifically analyze the requested endpoints, and thus
were excluded from the analysis. Of the remaining 14 stud-
ies, three (14–16) analyzed the impact of venous drainage
technique (systemic vs. portal) in enteric-drained patients
(Table 3). Two of them were prospective randomized tri-
als (14,15), while the other one was a retrospective study
(16). The remaining 11 studies (17–27) analyzed the out-
come according to different exocrine drainage (bladder vs.
enteric) techniques (Table 2 and 4). They were all ranked
level 2b. No prospective randomized trial was identified in
this group.

Out of the 66 studies analyzing immunosuppression proto-
cols in SPK transplantation, we established subgroups to
evaluate induction therapy (Table 5), calcineurin inhibitors
(Table 6), anti-proliferative agents (Table 7) and corticos-
teroids. Excluded were 29 studies with abstract characters
only, 20 reviews and five center reports without compar-
ison with different protocols. Of the selected 10 papers,
six were ranked level 1b (14,28–32) and four level 2b (23,
33–35).

While more than 18 000 SPK have been performed world-
wide (8,36), only few centers have developed a large pro-
gram (>10 transplants/year). This may explain the paucity
of convincing studies available in this field. For example,
out of 2481 studies only 48 RCTs could be identified in
the Medline database. In addition, most of these studies
were published by the same seven centers. As a result,
an evidence-based analysis could be based only on a few
studies fulfilling the criteria, and the lack of RCTs did not
allow us to perform a meta-analysis.

What is the optimal exocrine drainage technique?

Bladder or enteric drainage?

Historically, SPK was associated with a high morbidity due
to intra-abdominal sepsis. The anastomotic leaks were
believed to be due to duodenal rejection, and the tech-
nique was abandoned (7). Bladder drainage was intro-
duced in 1983 in order to reduce the incidence of post-
operative technical complications, in particular a reduction
in intra-abdominal sepsis (7). This technique allowed the
early detection of graft rejection by measuring serial urine

American Journal of Transplantation 2005; 5: 2688–2697 2689



Demartines et al.

Table 2: Studies on Bladder Drainage versus enteric drainage in SPK

Urological Pancreas Graft Patient
Authors, complications leakage Survival Survival Rejection
years Level Number of Patients (%) (%) rate (%) rate (%) rate (%)

Pirsch et al. 1998 2b Bladder drainage (n = 48) 63 12 93 98 NA
(22) Enteric drainage (n = 78) 20∗ 5∗ 93 98 NA
Kaufmann et al. 2000 2b Bladder drainage (n = 50) 48 NA 94 98 28
(23) Enteric drainage (n = 50) 37 NA 89 97 16
Sollinger et al. 1998 2b Bladder drainage (n = 388) 62 17 87.6 96.1 45
(24) Enteric drainage (n = 112) 12∗ 5 87.1 97.7 39
Sutherland et al. 2001 2b Bladder drainage (n = 136) NA NA 82 92 NA
(25) Enteric drainage (n = 70) NA NA 74∗ 92 NA
Kuo et al. 1997 2b Bladder drainage (n = 23) 52/23§ 0 91 96 87
(26) Enteric drainage (n = 23) 25/23 0 88 100 83
Pearson et al. 1997 2b Bladder drainage (n = 55) 75 6 78 95
(27) Enteric drainage (n = 11) 0 10 91 100
§UTI.
∗Statistical significance (p < 0.05).

Table 3: Studies on portal drainage versus systemic drainage in SPK

Pancreas Surgical Graft Patient Rejection
Author, thrombosis complications survival survival rate
year Level Number of patients rate (%) (%) rate (%) rate (%) (%)

Stratta et al. 2001 1b Systemic drainage (n = 27) 7 30 74 93 33
(14) Portal drainage (n = 27) 4 26‡ 85 96 33
Petruzzo et al. 2000 1b Systemic drainage (n = 17) 6 35 76 88 29
(15) Portal drainage (n = 17) 6 18† 76 94 29
Philosophe et al. 2001 2b Systemic drainage (n = 63) NA NA 76 NA 45
(16) Portal drainage (n = 54) NA NA 74 NA 9∗

One-year survival rates.
∗Statistical significance (p < 0.05).
†Surgical complications.
‡Early relaparotomy.

Table 4: Studies on systemic bladder drainage versus portal enteric drainage in SPK

Urological Pancreas Graft Patient
complications leakage Survival Survival Rejection

Authors Level Number of Patients (%) (%) rate (%) rate (%) rate (%)

Gaber et al. 1995 2b Systemic bladder drainage (n = 28) 89 4 75 89 7
(17) Portal enteric drainage (n = 19) 26∗ 0 74 88 0
Newell et al. 1996 2b Systemic bladder drainage (n = 12) 50 0 83 100 50
(18) Portal enteric drainage (n = 12) 25 0 83 83 67
Nymann et al. 1998 2b Systemic bladder drainage (n = 30) NA 70 90 63/20
(19) Portal enteric drainage (n = 17) NA 82 82 47/6†

Cattral et al. 2000 2b Systemic bladder drainage (n = 20) 40 NA 95 95 37
(20) Portal enteric drainage (n = 20) 20 NA 100 100 15
Stratta et al. 2000 2b Systemic bladder drainage (n = 16) NA NA 82 91 44
(14) Portal enteric drainage (n = 16) 92 92 31
∗Statistical significance (p < 0.05).
†Patients with rejection/irreversible rejection.

amylase, but complications like urinary tract infections in
up to 62% of bladder-drained patients remained a signifi-
cant clinical problem (24).With the introduction of new im-
munosuppressive agents like tacrolimus and mycopheno-
late mophetil (MMF), the rejection rate dropped and enteric
drainage was used again increasingly (24).

No RCT comparing bladder versus enteric drainage tech-
nique was identified; therefore the analysis was based on
six retrospective studies ranked level 2b (Table 2) (22–
27). Studies designed to compare systemic bladder with
portal enteric drainage were analyzed separately (see be-
low). The pooled number of patients in the six trials was
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Table 5: Studies on induction therapy

Graft Patient
Author, Number of survival survival Rejection
year Level Immunosuppression patients rate (%) rate (%) rate (%)

Cantarovich et al. 1998 1b CyA/AZA/steroids n = 25 86 96 76
(30) ATG/CyA/AZA/steroids n = 25 86 92 36∗
Stratta et al. 2003 1b Daclizumab (5 × 1 mg/kg) n = 107 86 98 17
(39) Daclizumab (2 × 2 mg/kg) n = 112 87 96 15

No induction n = 78 90 99 26∗
Burke et al. 2004 1b Induction (any)/FK/MMF/steroids n = 87 80‡ 97 20
(32) No induction/FK/MMF/steroids n = 87 80 94 26∗
Kaufmann et al. 2000 2b Daclizumab/FK/MMF/steroids n = 33 84 93 6
(23) FK/MMF/steroids N = 17 94 100 24
Bruce et al. 2001 2b DAC (4–5 doses) 45 98 92 24
(35) DAC (1–3 doses) 26 96 92 45∗

∗Statistical significance (p < 0.05).
‡3 years.

Table 6: Studies on calcineurininhibitors

Graft Patient
Author, Number of survival survival Rejection
year Level Immunosuppression patients rate (%) rate (%) rate (%)

Stegall et al. 1997 1b Tacrolimus/MMF 18 100 100 11
(28) CyA/MMF 18 100 100 11

CyA/AZA 18 89 100 77∗
Bechstein et al. 2004 1b Induction/MMF steroids/Cy A 102 76 97 38
(31) Induction/MMF steroids/tacrolimus 103 91∗ 98 27∗
Gruessner et al. 1996 2b TAC/AZA/steroids 75 87 90 35
(33) CyA/AZA/steroids 75 70∗ NA NA

0.04
∗Statistical significance (p < 0.05).

Table 7: Studies on anti-proliferative agents

Graft Patient
Author, Number of survival survival Rejection
year Level Immunosuppression patients rate (%) rate (%) rate (%)

Odorico et al. 1998 2b MMF 109 95 99 7
(34) AZA 249 83∗ 95 24∗

(2 year)
Stegall et al. 1997 1b Tacrolimus / MMF 18 100 100 11
(28) CyA / MMF 18 100 100 11

CyA / AZA 18 89 100 77∗
Merion et al. 2000 1b MMF 74 85 93 27
(29) AZA 76 85 95 39
∗Statistical significance (p < 0.05).

700 in the bladder-drained group and 327 in the enteric-
drained group. The smallest number of patients in a study
was 11 and the largest 388. One-year pancreas graft sur-
vival ranged from 78% to 94% in the bladder versus
74% to 93% in the enteric drainage group. There was no
statistical difference regarding graft survival between the
two techniques in five studies (22,23,25–27). One study
by Sollinger et al. (24) reported a significantly improved
1-year pancreas graft survival in the bladder group: 82% in
the bladder group (n = 136) vs. 74% in the enteric group
(n = 70), (p = 0.03). However, patient survival data re-

vealed no differences ranging from 92% to 100% in both
groups.

Among these six studies (22–27), the urinary tract in-
fection rates ranged from 48% to 75% in bladder ver-
sus 12% to 37% (26,27) in enteric drainage groups (p =
0.0001) (27). Moreover, in two trials (22,24), the urological
complication rates were significantly higher in the bladder
drainage group compared to the enteric drainage group
(62% vs. 12%, p = 0.0001 and 63% vs. 20%, p = 0.0001),
respectively.
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Pancreas leakage was reported in four studies
(22,24,26,27) and was significantly lower for enteric
drainage (5% vs. 12%, p = 0.06) in one report (22). In the
three others (24,26,27), Kuo et al. (26) did not find any
leakage; Sollinger et al. (24) reported 17% in the bladder
versus 5% in the enteric group, and Pearson et al. (27) 6%
in the bladder versus 10% in the enteric group, without
statistical significance. Two trials (22,24) assessed the
rate of opportunistic infections, which were significantly
lower in the enteric group; opportunistic infection: 12%
versus 33%, p = 0.002 (24); and 15% versus 28%,
p = 0.03 (22).

The rejection rate was assessed in three trials (23,24,26)
disclosing a large variability of rejection rates ranging be-
tween 16% and 87% depending on the immunological era
in which the trial was performed. However, within the trials
there was no difference between the two different types
of drainage regarding rejection rate as reported by Sollinger
et al. (24), who found a 45% rejection rate in the bladder
group versus 39% in the enteric group at 1 year.

It can be concluded that the use of primary enteric drainage
reduced the incidence of urological complications, pan-
creas leaks and opportunistic infections, without increase
in abdominal complications. The analyzed studies reported
no differences in graft survival rate between the two dif-
ferent techniques. The analysis favors enteral drainage at
a recommendation level grade B. According to the IPTR
data (8), a majority of centers currently performs enteric
drainage. For example, out of 5650 SPK transplantations
performed between 1996 and 2002, 66% have been per-
formed with enteric drainage technique.

What is the optimal venous drainage? Portal or

systemic venous drainage?

The idea behind portal venous delivery of insulin relies on
the concept of avoiding potential complications related to
the release of insulin directly into the systemic circulation
with associated hyperinsulinemia leading to accelerated ar-
teriosclerosis and dyslipidemia. While some experimental
models have suggested a benefit for portal drainage of in-
sulin (37), convincing evidence is still lacking in the clinical
setting (38).

Three trials (14–16) analyzed the outcome of venous
drainage technique in enteric-drained patients. Two of
them (14,15) were RCT ranked level 1b, and one was a
retrospective study ranked as level 2a (16) (Table 3). The
pooled number of patients in the portal group was 107 ver-
sus 98 in the systemic group. The 1-year graft survival rates
were comparable between both groups ranging from 74%
to 76% in the systemic drained group and from 74% to
85% in the portal drained group.

The venous thrombosis rate in the graft ranged from 4%
to 7% without differences between the two drainage tech-

niques. There was a trend toward lower surgical complica-
tion rates (early laparotomy/bleeding/leakage) in the portal
group (18–26% vs. 30–35%).

The rejection rate was similar in the two RCT (14,15) rang-
ing from 29% to 33%. Philosophe et al. (16) analyzed a
large cohort of patients with the same immunosuppres-
sion protocol (n = 117) and observed a 9% rejection rate in
the portal group compared to 45% in the systemic drained
group (p = 0.0002). In the same trial, 97 other patients
with pancreas after kidney transplantation were assessed
as well. The rejection rate was 16% in the portal versus
65% in the systemic drained group (p = 0.0001). Moreover,
rejections were milder in the portal group in both SPK and
pancreas after kidney transplantation. On the other hand,
the rejection rate in the systemic group of this retrospec-
tive analysis (16) is high compared to those observed in the
RCT (14,15) which makes the benefit of portal drainage on
rejection questionable.

In the two prospective studies (14,15), one shows a trend
toward lower surgical complication rates observed in the
portal drainage groups (4/17 vs.7/17) (15), and the other
a trend toward lower intra-abdominal infections (11% vs.
26%) (14). The retroperitoneal approach necessary for sys-
temic drainage, but not for portal drainage, may explain
these observations.

Glycamia control is excellent in both techniques, but af-
ter portal drainage less hyperinsulinemia was observed in
two retrospective studies including 100 and 60 patients,
respectively (17,20).

Based on the available data gathered from small series,
it can be concluded that portal venous drainage provides
only a marginal advantage over systemic drainage. Only
trends were documented for lower complication and infec-
tion rates favoring portal venous drainage and there were
no differences in graft survival. The better insulinemia con-
trol was observed only in retrospective studies. This makes
a definitive recommendation difficult, but the choice of
portal drainage may be suggested. (grade of recomme-
ndation C).

According to IPTR data, only 23% of reporting centers
(including our own center) performed pancreas transplan-
tation using a portal drainage in 2003 (8). However, de-
spite the relatively small number of transplant centers per-
forming a portal venous drainage, a center more than a
technique effect is unlikely to explain the improved re-
sults of portal over systemic drainage, and further RCT are
needed.

Which combination of venous and exocrine drainage

should be selected?

From the various possible combinations of venous and ex-
ocrine drainage, data are available only in patients treated
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with systemic venous bladder exocrine versus portal ve-
nous enteric exocrine drainage.

Systemic bladder drainage was compared to portal-enteric
drainage in five studies (14,17–20). The total pooled num-
ber of patients was 106 in the systemic-bladder drainage
group and 84 in the portal-enteric drainage group. There
was no statistically significant difference at 1 year in terms
of graft (range: 70–100%, irrespective of the group) and
patient (range: 82–100%) survival rates.

Gaber et al. (17) reported less urinary tract infections in
the enteric drainage group in their series of 115 patients
(89% vs. 26%, p < 0.0001). However, all other trials (18–
21) failed to show a significant reduction of urinary tract
infections in the enteric group (Table 2). Pancreas leakage
was only assessed in two trials (17,19) showing compa-
rable rates, that is, 0–4% in the systemic bladder versus
0–6% in the portal enteric group. Sollinger et al. (24) re-
ported a conversion rate of 24% (n = 388) from bladder to
enteric drainage at 5 year due to urological complications.

There were no differences in rejection rates among the five
trials(14,17–20). Two studies (17,20) reported lower rates
of acidosis in the portal enteric group reaching statistically
significant values in one trial (75% vs. 8%, p < 0.005)(20).
The same studies (17,20) reported less hyperinsulinemia
in the portal compared to systemic drainage groups with
significant lower fasting insulin levels (11.0 vs. 55.3 U/mL;
p = 0.01) (17)

The benefit of combined portal and enteric drainage ap-
pears to be related mostly to lower urological complica-
tion rates than to better controls of rejection or diabetes
and this appears mainly due to the enteric drainage, while
the impact of portal drainage remains difficult to evalu-
ate. The influence of recently-introduced immunosuppres-
sive protocols, rather than a specific surgical technique,
may also have significantly contributed to improved out-
come. The failure to measure urine amylase after enteric
drainage was not associated with increased rejection rates
supporting the input of novel effective immunosuppressive
regimens.

We conclude that the combination of portal venous and en-
teric exocrine drainage seems superior to systemic venous
and bladder-drained pancreas. (recommendation grade B).

What is the best immunosuppressive regimen

minimizing rejection and improving graft survival?

Induction therapy (Table 5): Five trials (23,30,32,35,39)
evaluating induction therapies were identified. Three level
1b trials (30,32,39) evaluated the benefit of Daclizumab and
ATG versus no-induction therapy. One trial compared T-cell
depleting ATG induction therapy versus no-induction ther-
apy in 50 patients who received CyA, azathioprine (AZA)
and corticosteroids. One level 1b trial (39) analyzed 219

patients receiving Daclizumab induction therapy intwo dif-
ferent regimens. All studies favored induction therapy with
significant reduction of biopsy-proven renal rejection rates
from 76% to 36% (p = 0.01) (30) and reduced pancreas
rejection rates (range: 3.6–10.3%, p = 0.160). The 1-year
graft survival rates of all trials ranged between 84% and
98%. In the no-induction groups the 1-year graft survival
ranged from 86% to 90% versus 84% to 96% in the in-
duction groups. There were no statistically significant dif-
ferences between induction versus no-induction therapy
regarding graft and patient survival except for 3-year re-
nal graft survival: 92% versus 82% in no-induction group
(p = 0.04) (32).

Calcineurin inhibitors (Table 6): One multicenter level
2b (33) and two level 1b (28,31) studies compared
the effects of two calcineurin inhibitors, CyA versus
tacrolimus. The results of 54 patients receiving either CyA
or tacrolimus with MMF were compared to a historical con-
trol group (n = 18) who received a CyA and AZA-based
immunosuppression. There was no significant difference
between tacrolimus and CyA regarding kidney rejection
rates (11% in each group), but patients receiving either
calcineurin inhibitors with MMF had a significant decrease
in biopsy-proven kidney rejection rates from 77% to 11%
(p = 0.01) (28). A multicenter trial (33) including 150 pa-
tients showed a lower graft survival rate in the CyA group
(70%) compared to tacrolimus group (87%) (p = 0.04).
The results of a large multicenter trial published recently
by Bechstein et al. (31) with induction MMF, short-term
steroids and CyA in 102 and tacrolimus in 103 patients
demonstrated a significant lower rejection rate in favor of
tacrolimus (27.2% vs. 38.2%, p = 0.09). One-year pancreas
graft survival was significantly higher in tacrolimus group:
91.3% versus 74.5%, p < 0.0005 (31).

Anti-proliferative agents (Table 7): Two RCT (28,29)
and one retrospective study (34) analyzed the outcome in
patients with AZA in comparison to MMF. All trials sug-
gested a benefit for the use of MMF regarding rejection
rates: 7% versus 24% (p < 0.05), 11% versus 77% (p <

0.01) and 27% versus 39% (p = 0.3). However, patient sur-
vival rates were comparable between the groups ranging
from 93% to 100%. Graft survival was significantly lower
for AZA in the retrospective report (34), 83% versus 95%
in the MMF group (p < 0.05), whereas the two prospective
trials (28,29) showed similar high rates of graft survival irre-
spective of the immunosuppression ranging between 85%
and 100%.

Corticosteroids: All immunosuppression regimens an-
alyzed above included corticosteroids as basis therapy.
However, to prevent long-term side effects of steroid ther-
apy such as hyperglycemia and osteoporosis, there has
been an increasing interest in favoring steroid-free mul-
timodal immunosuppressive therapy for pancreas trans-
plantation. The rapid elimination of corticosteroids in
SPK was analyzed prospectively in 126 patients (40).
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Corticosteroids were discontinued 6 days after transplan-
tation in 40 patients (29%). These patients received ei-
ther tacrolimus and MMF or tacrolimus and sirolimus.
Patient and graft survival rates were compared to a his-
torical control group of SPK recipients (n = 86), who
received a quadruple therapy including induction ther-
apy, tacrolimus, MMF and corticosteroids. The rejection-
free survival rate with rapid steroid elimination was
100% in the tacrolimus/sirolimus group, and 95% in the
tacrolimus/MMF group (collectively 97.5%), compared to
80% in the historical control group (p = 0.034). Corticos-
teroids still belongs to basis immunosuppression, but early
withdrawal seems safe.

From all these studies on immunosuppression, it can
be concluded that both calcineurin inhibitors (Cya and
tacrolimus) confer similar protection against rejection with
a possible benefit in graft survival rates for tacrolimus.
MMF is superior to AZA regarding rejection rates, and in-
duction therapy decreases rejection rates and increases
graft survival. Rapid corticosteroid elimination appears to
be a safe strategy. The use of either calcineurin inhibitor
in combination with MMF and induction therapy should be
recommended (Recommendation grade A).

According to IPTR registry data (8), the majority of pan-
creas transplant centers are using a regimen including
an induction therapy, tacrolimus, MMF or derivate and
steroids, which is consistent with the evidence-based
analysis.

Is simultaneous pancreas kidney transplantation

cost-effective?

We identified four studies assessing different aspects of
cost-effectiveness regarding pancreas transplantation (41–
44). Douzdjian et al. (42) assessed the cost of different
treatment strategies for diabetic patients with end-stage
renal disease comparing costs associated to dialysis alone,
kidney transplant alone (living or cadaver donor) and SPK
transplantation. The analysis was based on a 5-year model.
The outcome criteria used in the model were cost, util-
ity and cost-utility. The expected cost per quality-adjusted
year for each of the treatment strategies in the model were
$317 746 for dialysis, $156 042 for cadaver kidney trans-
plant, $123 923 for living kidney transplant and $102 422
for SPK transplantation. SPK transplantation remained the
optimal strategy even with the use of varying survival prob-
abilities, various costs and utilities over plausible ranges
by means of one-way sensitivity analysis. With the use
of the same 5-year model, this group also analyzed the
cost and utility of living kidney alone followed by pancreas
transplantation (pancreas after kidney) versus SPK trans-
plantation. The expected 5-year costs were comparable in
both groups. When adjusted for utility, living kidney alone
followed by pancreas transplantation yielded a cost of
$153 911 and SPK a cost of $110 828 per quality-adjusted
year (42).

Reddy et al. (44) compared the costs of bladder versus
enteric drainage in SPK transplantation. Patients with en-
teric drainage had a 43% cost reduction in hospital charges
compared to bladder drainage, for comparable graft sur-
vival rates. A shorter hospital stay and a reduction in drugs,
radiology/nuclear medicine and laboratory charges con-
tributed to decrease hospital charges in patients with en-
teric drainage.

Stratta et al. (41) demonstrated the utility of managed-
care principles (care maps) in decreasing the length of stay
and clinical laboratory tests, thus stabilizing the hospital
charges despite the rising costs of medical care.

The available studies suggest that successful SPK trans-
plantation is cost-effective, and together with a clear in-
crease in quality of life, is superior to alternative treatment
strategies such as dialysis, kidney transplant alone and in-
sulin therapy. However, these data are based on charges
rather than true costs. True cost analyses are needed to
better compare the different therapeutic options. More-
over, it is obvious that these analyses are not based on
patients randomized between transplantation and conser-
vative treatment. A bias selection in favor of transplanta-
tion may be possible, but beside the better quality of life,
all the figures demonstrate the cost-effectiveness of SPK
transplantation.

Based on the analysis of the United Network of Organ
Sharing (UNOS) data between 1995 and 2000, respectively
(45,46), the overall risk of death after SPK transplantation
lied between 0.29 and 0.43 compared with patients re-
maining on the waiting list (p < 0.001).

We conclude that a successful SPK transplantation is cost-
effective, and together with improved quality of life, is su-
perior to alternative treatment strategies such as dialysis
or kidney transplant alone and insulin therapy (recommen-
dation grade C).

Is pancreas transplantation alone a viable

therapeutic strategy?

Intensive insulin therapy delays the onset of secondary di-
abetic complications, but does not substitute for normal
beta-cells functions (47). Thus only the replacement by a
pancreas allows to restore normal glucose metabolism. For
this reason, pancreas transplantation alone has be consid-
ered as an option in diabetic patients without nephropathy
(48).

There are currently no prospective clinical trials available
on pancreas transplantation alone, and most of the data
come from the IPTR and UNOS databases (8,36). Gruess-
ner et al. (49) retrospectively assessed the outcome of 225
solitary pancreas recipients within three different immuno-
suppression eras. Graft survival rates increased from 34%
in the pre-calcineurin inhibitors era to 80% in the CyA and
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tacrolimus era. Pancreas graft loss due to rejection also de-
creased from 50% to 9%. Technical failure rates decreased
from 30% to near 0%. The authors conclude that solitary
pancreas transplantation has become a viable alternative
for nonuremic patients with labile diabetes mellitus. The
same group (46) has recently reported in 647 patients a
4-year survival rate post-transplant of 90.5% compared to
87.3% in 1207 patients on the waiting list. These results
strongly challenge an other analysis of the same UNOS
data published earlier by Venström et al. (45). This group
demonstrated an increased risk of mortality for pancreas
transplantation alone compared to patients on the waiting
list (relative risk of death 1.57, p < 0.001). These discrep-
ancies have several explanations, for example the fact that
unlike Europe, U.S. patients are allowed to be on several
waiting lists may increase the waiting list and decrease the
mortality rate on this waiting list. Moreover, some patients
were excluded of the analysis further contributing to an
underestimation of the mortality on the waiting list. Never-
theless, even if these points remain debated, the continu-
ously improved outcome of pancreas transplantation alone
is a fact, with excellent 4-year survival around 90%.

Using a Markov model, Kiberd et al. (43) compared the
outcome and direct health care costs for patients with
type 1 diabetes mellitus without nephropathy assigned
to either standard insulin therapy or pancreas transplan-
tation alone. Assuming a 10-year baseline pancreas-graft
life expectancy, early pancreas transplantation could pro-
vide 0.42 more life-years and 2.2 more quality-adjusted
life-years compared to patients treated with standard in-
sulin therapy. The incremental costs (charges) for early
pancreas transplantation over standard therapy were es-
timated to be about $56 600/quality-adjusted life-year for
the baseline case. Pancreas transplant costs were also a
very sensitive parameter in the cost-utility analysis. The
authors concluded that a trial in selected type 1 diabetic
patients at risk for renal and retinal disease should be
considered.

All authors agree on the need to perform a prospective
randomized study on pancreas transplantation alone in di-
abetics with preserved renal function compared to con-
servative therapy. Until such data become available, we
can only recommend pancreas transplantation alone in se-
lected patients (recommendation grade C).

Does pancreas transplantation alone reverse

diabetic nephropathy?

Fioretto et al. (48) have shown that prolonged euglycemia
provided by pancreas transplantation alone in diabetic pa-
tients may reverse diabetic nephropathy. This observation
was made in eight patients, who were followed over 10
years after pancreas transplantation alone. Pancreas trans-
plantation could reverse the lesions of diabetic nephropa-
thy, but reversal required more than 5 years of normo-
glycemia. The beneficial effects were evident despite the

Table 8: Evidence-based pancreas transplantation: grade of rec-
ommendation

1. General comment
1.1 Pancreas transplantation currently offers excellent

long-term graft function and patient survival rates.
2. Recommendation Grade A

2.1 The choice of an effective immunosuppression regimen is
key for success. It should include induction therapy,
calcineurin inhibitors, MMF or derivate, and steroids.

3. Recommendation grade B
3.1 Enteric exocrine is superior to bladder drainage.

4. Recommendation grade C
4.1 Portal venous drainage might be superior, although

insufficient evidence is currently available.
4.2 SPK transplantation is highly cost-effective.
4.3 Pancreas transplantation alone is an emerging therapy

with promise in control of several diabetic complications A
RCT should specify its real value.

nephrotoxic effects of immunosuppressive agents. On the
other hand, Mazur et al. (50) investigated the renal function
in 23 patients after pancreas transplantation and showed
a decline in the native renal function in the majority of pa-
tients regardless of the pre-transplant glomerular filtration
rates.

We conclude that pancreas transplantation alone may be
cost-effective in selected labile nonuremic diabetics, al-
though the authors failed to show a patient-survival benefit
(recommandation grade C). A prospective comparison of
the outcome of type 1 diabetic patients with and without
pancreas transplantation alone should be performed with
special regard to the progression of kidney function.

Concluding Remarks

Despite the paucity of RCT studies and many low-quality
studies on pancreas transplantation, this evidence-based
methodology appears to be a valuable tool to suggest rec-
ommendations on various surgical and immunological op-
tions available.

The present review allows six important statements sum-
marized in Table 8. Except a recommendation A for im-
munosuppression, the level of evidence for these rec-
ommendations and statements is limited to B or C.
Despite a few large series with very convincing data
(17,24,25,31,32,51), the total number of patients analyzed
remains relatively low. We conclude, however, that based
on this best available scientific evidence, SPK is currently
the gold standard to which other therapies should be
compared.
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