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Abstract

Pancreas transplant is an important treatment option for
insulin dependent diabetic patients as it may result in
physiologic euglycemia. Improvements in surgical
technique, graft preservation, immunosuppression,
diagnosis and management of rejection, and management
of post-transplant complications have led to improved
patient survival.

There are several technical variables to consider when
performing a pancreas transplant. One is the type of
exocrine drainage to be used. The most common types of
exocrine drainage are enteric or bladder drainage. Gastric-
exocrine drainage has also been recently introduced. The
most commonly cited complications associated with

bladder drainage include metabolic complications,
urologic complications and the need for enteric
conversion.
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Many complications related to bladder drainage can be
managed non-operatively with Foley catheter drainage.
For those complications that cannot be managed in this
manner, enteric conversion is an option. Complications
associated with enteric drainage include anastomotic leak
and intra-abdominal abscess, although at rates lower than
cited in the early literature on the topic. Bladder drainage
of exocrine secretions and enteric drainage of exocrine
secretions, or a staged procedure with bladder drainage
followed by indicated or elective enteric conversion are
reasonable options for drainage of the exocrine secretions
of the pancreas. Gastric-exocrine drainage is a promising
therapy deserving of future exploration.

Keywords
Enteric drainage, Bladder drainage, Pancreas transplant,
Simultaneous pancreas-kidney transplant, Pancreas after
kidney transplant, Pancreas alone transplant, Enteric
conversion
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Introduction

The number of persons in the United States diagnosed
with Diabetes Mellitus has tripled between 1980 and 2011
from 5.6 million to 20.9 million (1).It is believed that an
additional 8.1 million people are living with diabetes
without a diagnosis (2). Eighteen percent (18%) of
diagnosed patients are insulin dependent, and 13% of
them manage their diabetes with both pills and insulin (3).

Pancreas transplantation is an important treatment option
for insulin dependent diabetics and the only option that
allows resumption of euglycemia and normal physiology
(4). Although initially limited to type I diabetic patients,
pancreas transplantation is increasingly being used for the
treatment of insulin-dependent type II diabetes as well
(5.6).

As of December 2010, there were 35,000 pancreas
transplants reported to the International Pancreas
Transplant Registry (IPTR) (5), with 8,131 performed in
the United States between January 1, 1988, and December
31, 2015 (7). Improvements in surgical technique, graft
preservation,  immunosuppression,  diagnosis  and
management of rejection, and management of post-
transplant complications have led to improved patient
survival with one- and five-year patient survival of 95%
and 83%, respectively (5).

An important consideration in performing a pancreas
transplant is the method of exocrine drainage. The first
vascularized pancreas transplant, performed in 1966, used
a duct ligated segmental graft with no drainage of
exocrine secretions (8). The second involved maintenance
of a duodenal segment, which was brought out as a stoma
to allow for drainage of exocrine secretions, and the third
used a Roux-en-Y loop for enteric drainage of the
exocrine secretions (8).Other techniques that have been
used in pancreas transplantation to drain exocrine
secretions include whole pancreaticoduodenal transplants
with spleen attached, duct injection, and segmental grafts
with main pancreatic duct anastomosed to the ureter,
exocrine drainage, and bladder drainage (8.,9).

There are two primary techniques in use for drainage of
pancreas transplant graft exocrine sections: bladder
drainage and enteric drainage. Bladder drainage was first
described by Sollinger et al. in 1988 and involves the
drainage of the duodenal segment to the bladder, or
pancreaticoduodenocystostomy (10). This technique was
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designed with the intent of allowing closer monitoring of
the health of the transplant graft through measurement of
urine amylase and also allows cystoscopic access to the
pancreas graft for biopsy to aid in the diagnosis of graft
rejection (8,11). Several modifications of this technique
were introduced around the same time (12).

Enteric drainage involves drainage of the duodenal
segment to small bowel (4) and is the most common
technique in use (5). The IPTR reported that between 2002
and 2003 there was 82% enteric drainage of the pancreas
and in 2010, enteric drainage was used in 91% of
simultaneous kidney-pancreas transplants, 89% of
pancreas after kidney transplants and 85% of pancreas
transplant alone (5).This transition from bladder drained
procedures, which comprised >90% of procedure between
1988 and 1995, to enteric drainage, which comprised
more than 50% of procedures by 1998, occurred in the
mid-1990s. At this time studies showed that the risks
previously shown to be associated with enteric drainage
were not as significant as once thought (13).

The majority of these bladder and enteric drained
pancreata have systemic venous delivery of insulin,
although some centers use alternate drainage (13-15). The
portal venous drainage approach was initially introduced
by Gaber et al., with intraperitoneal portal venous
drainage to the superior mesenteric vein (SMV) (16).A
modified technique involving retroperitoneal placement of
the pancreas graft was introduced by Boggi et al (17).
Although other techniques have been described, portal
venous drainage usually refers to the use of the recipient’s
superior mesenteric vein (18).No distinct physiologic
advantages have been demonstrated in subsequent studies.
Systemic venous drainage describes anastomoses of the
graft to the recipient external iliac vein (19).The focus of
this review will be on the drainage of exocrine secretions,
but as many centers have compared systemic venous and
bladder exocrine drainage to portal venous and enteric
exocrine drainage it is worthwhile to mention the venous
drainage options.

Enteric Drainage: Review, Advantages, Disadvantages,
and Complications

The most common method of performing enteric drainage
is to anastomose the duodenum to the jejunum with the
pancreas graft placed in an intraperitoneal position. Other
techniques that have been reported include: side-to-side
duodenojejunostomy with the Roux-en-Y method with
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graft placement in the retroperitoneum, side-to-side
duodenoduodenostomy with pancreas graft in a retrocolic

position, and gastric-exocrine drainage techniques (17,20).

As noted previously, portal venous drainage and enteric
exocrine drainage was pioneered by Gaber et al. in 1993
(16). Studies show a decrease in  peripheral
hyperinsulinemia with portal venous drainage (16).
Reported advantages and disadvantages of exocrine
drainage are detailed in table 1.

Table 1. Advantages and Disadvantages of Enteric Drainage

Advantages of Enteric Drainage

“More physiologic” (4)

Lower rates of urinary tract infection (4)

Lower rates of urologic complications (39)

Disadvantages of Enteric Drainage

Inability to directly monitor exocrine secretions (13)

Healing problems (13)

Leakage of pancreatic enzymes and sepsis (8,39)

Intra-abdominal abscesses (36,38,39)

Pancreas graft loss (36,38)

Diffuse peritonitis (39)

Anastomotic leak (38)

A single-center study by Reddy et al. of surgical
complications after portal-enteric drainage reported 53
complications in 31 of 83 (37%) patients. A complication
was defined as the need for re-laparotomy within 3
months of the original transplant or during the initial
hospital stay for a variety of indications including
vascular thrombosis, intra-abdominal bleeding, duodenal
leak, culture-proven infection, and others (14). A similar
incidence of complications was noted in comparing
simultaneous kidney-pancreas transplant and solitary
pancreas groups (p=NS). Most vascular graft thrombosis
occurred early (55% within one week, 91% within one
month), and were equally divided between arterial and
venous thrombosis. All patients were treated with
transplant pancreatectomy. Nine repeat laparotomies were
performed for bleeding in seven patients. Of the
remaining patients, two lost their pancreas grafts. Three
patients developed duodenal segment leaks and underwent
seven re-laparotomies, one of whom eventually lost their
pancreas graft. Eight patients developed intraabdominal
infections requiring thirteen re-laparotomies and five of
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these eventually lost their graft (14). This 37%
complication rate is similar to complication rates reported
for systemic-bladder drainage: lowa group 28% reported
in 1993 (21), Wisconsin group reported 24% in 1993 (22),
Nebraska group 36% (23), and Minnesota group 32% (24).

This study also reports a rate of graft thrombosis of 13%
(14). The incidence of this complication reported by other
groups varies from 6% to 19% for systemic-bladder
drainage ranges from 6-19% (21-25).In contrast, Bruce et
al. from Chicago report a vascular thrombosis rate of only
1% in 500 simultaneous kidney-pancreas transplants,
which included both systemic-bladder drained (n=388)
and portal-enteric drained (n=112) for which there is no
difference in rate (4% versus 8%) (26).

Enteric drainage and bladder drainage have similarly
reported rates of intra-abdominal infection. Overall the
reported rate of intra-abdominal infection in enteric
drainage is 10-41% (14,24,27-30). The reported rate of
intra-abdominal infections in bladder drainage is 14-30%
(24,28,29,31).

Although Reddy reported a very low rate of duodenal
leaks at just 4%, the overall the rate of duodenal leaks for
enteric drainage is 4-16% (14,32-34). The rate of
duodenal leaks for bladder drainage is 13-16% (29,32).

Regarding infectious complications, Berger et al. report
on infectious complications following 72 consecutive
enteric-drained pancreas transplants. They demonstrated
an overall infection rate of 46%. The infections included
12 intra-abdominal infections, 7 wound infections, 13
cases of sepsis, 4 respiratory tract infections, 12 urinary
tract infections, 5 HSV/HHV-6 infections, 7 CMV
infection/disease, 3 PTLD, 4 invasive fungal/filamentous
disease, 1 clostridial/rotavirus, and 1 endocarditis. In this
series with a median follow-up of 23 months, there were
four deaths, which were all related to infection and five
graft losses which were not related to infection (30).

Walter et al. introduce the technique of retroperitoneal
placement of the pancreatic graft to allow exocrine
drainage directly via a duodenoduodenostomy and have
performed this technique in 125 cases (20).Reported
advantages of this technique include endoscopic access to
the pancreas for biopsy for diagnosis of rejection and
endoscopic access to the anastomotic site in case of
bleeding at this site. A primary disadvantage, in this case,
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is the difficulty of repairing a duodenal anastomotic leak.
In a retrospective review, they compared this to 116
duodenojejunostomy cases with comparable patients and
graft survival. They report a higher rate of graft
thrombosis, anastomotic insufficiency, and re-laparotomy
in the duodenojejunostomy group and a higher rate of
gastrointestinal bleeding in the duodenoduodenostomy
group (20).

Bonatti et al. report 112 enteric drained pancreas
transplants with a 28% surgical complication rate and
40% rejection rate. There were 21 graft losses and causes
are as follows: irreversible rejection (7), intraabdominal
infection (8), arterial thrombosis (3) and death with a
functioning graft (3). There were a total of 25 (22%)
patients who developed intraabdominal infections. The
authors report that midway through the study they
changed to a stapling device and the rate went from 24%
in the first 54 cases to 5.5% in the last 58 cases. The
authors report a 6.5% technical failure rate in the first year
after transplant (35).

Bladder Drainage: Review, Advantages,
Disadvantages, and Complications

Bladder drainage with a duodenal segment conduit was
the preferred technique among all centers in the United
States until the mid- to the late-1990’s (5,13,36).The
procedure is safe, sterile and convenient. However, it does
provide a non-physiologic connection between the
pancreas, duodenal conduit, and bladder. This results in
fluid and bicarbonate loss into the urine and changes in
the flora of the lower genitourinary tract (20,37).

Commonly cited advantages and disadvantages of bladder
drainage are listed in Table 2. Recognized advantages of
bladder drainage include ease of monitoring for rejection
with measurement of urinary amylase, easy access for
cystoscopic  biopsies, easy control of anastomotic
problems with prolonged catheter drainage and avoidance
of complications associated with enteric drainage (4,8,13,
38). Notable disadvantages of bladder drainage include
risk of enteric conversion, which requires another
operative procedure; higher risk of and/or more frequent
urinary tract infections; metabolic complications, most
commonly hyperchloremic metabolic acidosis secondary
to bicarbonate loss through the urine; dehydration; reflux
pancreatitis; and more frequent urologic complications
including dysuria secondary to cystitis and/or urethritis,
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Table 2. Advantages and Disadvantages of Bladder Drainage

Advantages of Bladder Drainage

Monitor for rejection with urine amylase levels (8,38)
Avoids contamination seen with leaks of enteric drained
pancreata (4,38)

Easy control of anastomotic problems with prolonged
catheter drainage (13)

Access for cystoscopic biopsies (13)

Disadvantages of Bladder Drainage

Risk of enteric conversion (8)

Higher risk of infection (8,27,37,39)

Metabolic complications (8,27,38)
Hyperchloremia metabolic acidosis secondary to bicarbonate
loss (4,8,39)

Dysuria (4,8,39)

Dehydration (4,38,39)

Recurrent urinary tract infections (UTI) (4,8,37,39)
Hematuria (4,8,37,39)

Reflux pancreatitis (4, 8,37,39)

Urologic Complications (36,37,39)

Ureteral stricture and disruption (37)

hematuria and urethral stricture or

(4,8,27,36,39).

disruption

Patients who undergo simultaneous kidney-pancreas
transplant are usually diabetic patients who often have
pre-existing diabetes-related bladder dysfunction and may
develop urological complications secondary to this,
surgically altered anatomy, pancreatic enzymes, and high
urinary pH levels (38). Sollinger et al. reported on
urological complications in 210 consecutive simultaneous
pancreas-kidney (SPK) transplant patients. They reported
that the most frequent urologic complications were as
follows: hematuria (15.7%), leak from the duodenal
segment (14.2%), recurrent urinary tract infections,
urethritis (3.3%), and ureteral stricture and disruption
(2.8%). Urologic complications related to the kidney graft
included: ureteral stricture, ureteral leak and lymphocele
(37).

Stratta et al. report duodenal segment complications
including duodenal segment leak, duodenal segment
bleeding requiring cystoscopy and duodenal segment
bleeding requiring open repair, cytomegalovirus
duodenitis, ampullary obstruction, rejection of the
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duodenal segment, stone formation of the duodenal staple
line, enteric conversion. They report that for those patients
experiencing a duodenal segment complication patient
survival is 84% and pancreas graft survival is 68% after a
mean follow-up of 44 months (40). An additional
consideration for bladder drained patients is that a certain
percentage will be unable to tolerate the complications of
bladder drainage and will require enteric conversion.
Reported rates of enteric conversion range from less than
10% to 20% (20,32,33,41).

Enteric Conversion

Bladder drainage of exocrine pancreatic secretions is
accompanied by some complications that are best
resolved with enteric conversion, reported rates of which
are 10-31% (8,16,20,32,33,41). Indications for enteric
conversion are reported in table 3 and table 4. Using a
prospective database, 32 (24.6%) simultaneous kidney-
pancreas transplant patients who underwent enteric
conversion were identified with a mean interval between
simultaneous pancreas-kidney transplant and enteric
conversion of 5 years.

56

Table 3. Indications for Enteric Conversion

Acidosis (excessive sodium bicarbonate loss) (38,39,42,52)

Urinary tract infections (38, 39)

Pancreatitis (38,39,42,52)

Urologic complications (38,39,42)

Hematuria (27,38)

Bladder dysfunction (38)

Dysuria (27,38,52)

Pyelonephritis (38)

Urethritis (27,38)

Prostatitis (38)

Discomfort of oral sodium bicarbonate intake (38)

Excessive sodium bicarbonate intake and hypotension (38)

Vesicocutaneous fistula (38)

Urethral disruption (38)

Table 4. Indications for enteric conversion and rates reported by Sollinger et al. (27), Van der Werf et al. (33), and West et al. (41)
Sollinger et al. (10) Van der Werf (33) West (41)
n=138 n=95 n=80

Confirmed enzyme leak 46 (29%) 42 (44%) -

Persistent hematuria 38 (24%) 18 (19%) 12 (15%)

Recurrent urinary tract infection 33 (21%) - 16 (20%)

Multiple indications 17 (11%) - 14 (18%)

Urethral disruption 10 (6%) - -

Neurogenic bladder and reflux 5 (3%) - -

Urethral stricture 3 (2%) - _

Suspected leak, not confirmed 2 (1%) - -

Dysuria 1 (0.7%) - -

Urethritis 1 (0.7%) 22 (23%) 5 (6%)

Infected bladder suture 1 (0.7%) - -

Pancreatitis 1 (0.7%) 1 15 (19%)

Persistent metabolic acidosis 1 (0.7%) 1 26 (33%)

Duodenal perforation - - 3 (4%)

Anastomotic leak - - 2 (2.5%)

Pancreatic fistula - - 1 (1%)

Total rate of enteric conversion - 21% 14.80%
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Reported indications included: genitourinary symptoms
(62.5%), duodenal complications (15.6%), graft
pancreatitis (12.5%), pyelonephritis (6.3%) and metabolic
acidosis (3.1%) (40).The authors report that 31.3% (10)
of patients experienced surgical complications after their
enteric conversion procedure including anastomotic leak
(4,12.5%), peritonitis (3, 9.4%), pancreatic graft loss (2,
6.3%), fascial dehiscence/deep wound infection (2,6.3%).
Reoperations were required in 25% of patients. Early graft
loss occurred in 6.3% of patients and thirty-day mortality
was 3.1% (42).

Table 5. Complications of Enteric Conversion Procedures

Urinary tract infection (38)

Low-grade superficial wound infection (38,42)
Minor bleeding (38)

Phlebitis (38)

Paralytic ileus (38)

Relaparotomy (38)
Leak (38)

Incisional hernia (33)

Intraabdominal abscess (33)

Small bowel obstruction (33)

Negative re-exploration (33)
Dehiscence (33.,42)

Postoperative hemorrhage (33)

Enterovesical fistula (33,41)
Anastomotic leak (33,42)
Duodenal perforation (41)

Peritonitis (42)

Pancreatic graft loss (42)

In a single-center study of 540 pancreas transplants with
bladder drainage, 80 underwent enteric conversion
(14.8%). 12 of these (15%) had surgical complications
after enteric conversion and 2 of the 12 lost their grafts.
The majority of complications were treated with primary
repair and external drainage and the authors concluded
that enteric conversion is safe for intractable
complications of bladder drainage (41). Kukla et al.
analyzed the risk for enteric conversion in 312 bladder-
drained solitary pancreas transplants was 31% with
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median follow-up time of 184.6 months. The majority
(84.5%) of these were primary transplants (8).

Enteric conversion procedures are not without
complications. These complications are detailed in Table
5. Complications of enteric conversion include urinary
tract infection, superficial wound infection, minor
bleeding, phlebitis, paralytic ileus, intra-abdominal
abscess, small bowel obstruction, negative re-exploration,
dehiscence, postoperative hemorrhage and enterovesical
fistula (33,38,41,42).

Two-Stage Procedures: Bladder Drainage Followed by
Enteric Drainage

A two-step approach to simultaneous kidney-pancreas
transplants has also been proposed, beginning with
bladder drainage and then following up with an elective
enteric conversion (36,38).Proponents argue that this
approach avoids the short-term complications of enteric
drainage and the long-term complications of bladder
drainage (36,38). Patients were generally converted
between 6 and 12 months. Indications for -earlier
conversion included: excessive loss of sodium bicarbonate,
recurrent and persistent urinary tract infections, abscesses
around the bladder, leakage of anastomosis and abscess,
persistent bleeding from the anastomosis, ureter
obstruction, suspicion of vesico-cutaneous fistula after
suprapubic catheter (36). Disadvantages of this two-step
approach include cost to the patient and hospital requires
and additional hospitalization (36) and the risk the patient
undertakes in undergoing a second surgery.

Van de Linde et al. report on their experience with 51
patients who underwent this two-step procedure for
simultaneous pancreas-kidney (SPK) patients. Primary
indications for enteric conversion included urological
problems (n=39), metabolic complications (excessive
sodium bicarbonate loss and hypotension, n=3; need for
large amounts of oral sodium bicarbonate, n=20), reflux-
pancreatitis (n=2), and suspicion of a vesico-cutaneous
fistula. Twelve patients had multiple indications. The
median interval between transplantation and enteric
conversion was twelve months (range 2-40). The authors
report that they performed enteric conversion for less
strict and severe indications over time as they observed a
low complication rate. In 51 patients they observed seven
urinary tract infections (UTIs), two superficial wound
infections, one minor bleeding, one phlebitis, one
paralytic ileus, and two re-laparotomies. They report
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decreased intake of oral sodium bicarbonate (p<0.0005),
significantly decreased urinary protein loss (p<0.0005)
and significantly decreased urinary sodium loss (p<0.005).
There were no instances of graft rejection in their cohort.
They report one-year and three-year survival of patient,
kidney, and pancreas as 100%, 98%, 100% and 93%, 97%,
93%. In nearly all of the included patients (96%) their
pre-conversion symptoms resolved, although two with
persistent urinary tract infections continued to have
persistent urinary tract infections. They concluded that
“enteric conversion is a safe and effective procedure,” and
recommend a two-stage approach (38).The authors report
that several months after their original simultaneous
kidney-pancreas or pancreas-alone transplant patients are
generally in better health, are taking reduced doses of
immunosuppressive medications and are further out from
induction therapy (38).Additionally, there has been time
for any preservation or reperfusion injury of the duodenal
graft to have resolved (38).

Comparative Studies: Retrospective

In a single-center retrospective study comparing 66
patients who underwent bladder drainage and 52 patients
who underwent enteric drainage, the authors concluded
that enteric drainage is a good alternative to bladder
drainage with similar patient and graft survival (39). They
found higher rates of urinary tract infections in patients
with bladder drainage (48.5%, 32 versus none, p <0.001),
similar rates of intra-abdominal infections (24.2%, 16
versus 29.4%, 15, p = NS), similar rates of reoperations
(33.9%, 40 versus 32.7, 17, p = NS), similar rates of
pancreas graft loss (31.8%, 21 versus 17.3%,9, p = 0.055),
similar rates of graft pancreatectomy (22.7%, 15 versus
11.5%, 6, p = 0.09) and similar rates of acute rejection
(152%, 10 versus 9.8%, 5, p = NS). There was also
similar actuarial patient and graft survival between the
two groups. Five-year patient survival was 97% in the
bladder drainage group and 91.2% in the enteric drainage
group (p=NS). Five-year graft survival was 70% in the
bladder drainage group and 83.6% in the enteric drainage
group (p=NS). The group performed enteric conversion in
12.1% of bladder-drained patients for the following
indications: UTI recurrence, reflux pancreatitis and one
case of duodenal-bladder fistula (39).

In a single-center study of 1000 simultaneous pancreas-
kidney transplants the first 390 of these were performed
using the bladder drainage technique, and the following
610 were using the enteric drainage technique. There was
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no difference in survival between the two groups, but a
decreased quality of life was demonstrated in patients
with bladder drained allografts in compared to those with
enteric drained grafts (16).In terms of complications there
was a S-year rate of enteric conversion of 30% and a 5-
year enteric conversion rate of 50%. There were more
complications requiring reoperation in the enteric drained
group, but more late reoperations in the bladder drained
group given the need for enteric conversion. Bladder
drained patients were more likely to have leaks (bladder
drained 89/390 versus enteric drained 35/610, p<0.0001).
The authors report anastomotic leak as the most common
technical complication in the bladder drained group, but
comment that non-operative management with Foley
catheter was sometimes successful. The most common
cause of pancreas graft loss in both groups was death with
a functioning graft (bladder drained group 77, 19.7%;
enteric drained group 48, 7.9%).These authors concluded
that enteric drainage is superior to bladder drainage. They
report a very high rate of enteric conversion (>50%). They
also argue that there is a high incidence of urinary tract
infections and frequent urological complications in the
bladder drainage group and that enteric drainage
eliminates the need for enteric conversion (27).

In a single-center retrospective study of 1,194 pancreas
transplants performed between 1996 and 2000 it was
noted that graft survival rates in era 3 (1994 — 1998) and
era 4 (1998-2000) were significantly higher for bladder
drainage (n=136) than for enteric drainage (n=70) in
simultaneous pancreas-kidney transplant patients with
one-year graft survival of 82% versus 74% (p = 0.03).
Patient survival was not significantly different between
the two groups. The authors report that in their hands
there was a, “technical penalty,” for using enteric drainage.
They report the incidence of conversion of technically
successful simultaneous pancreas-kidney bladder drainage
(n=126) to enteric drainage to be 3% at 6 months, 8% at
one year and 14% at two-years. For pancreas after kidney
grafts (n=140) the rates were 6% by one year and 16% by
two years. For pancreas transplant alone grafts (n=66) the
rates were 6% at one year and 19% at two years (43).

In a single-center retrospective study of 243 patients
transplanted between 1994 and 2000 it was demonstrated
that 1-year and 2-year survival were 85% and 81% for
enteric-drainage and 74% and 71% for bladder drainage
(p=0.1). For patients with pancreas after kidney and
pancreas transplant alone the survival curves were
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reversed with one-year survival for the bladder drainage
group at 77% and one-year survival for the enteric
drainage group at 69%. The complication rate was
reported to be 26% (n=51) for the enteric drainage group
and 41% (n=18) for the bladder drainage group (p=0.04).
There was a rate of 16% for enteric drainage and 24% for
bladder drainage of re-laparotomy (p=0.02). There was a
rate of 6% for enteric drainage and 14% for bladder
drainage of fistula (p=0.10) (44).

In a single-center retrospective study of 71 patients
transplanted between 1988 and 1996 there were 37
bladder drained and 34 enteric drained grafts. They had
five early graft losses in each group. The incidence of
volume depletion, acidosis, pancreatitis and urinary tract
infections were all significantly lower in enteric drainage
patients. (p<0.005). Initial hospital length of stay was
equivalent, but the number of admissions and in-hospital
days/year/patient were higher in the bladder drainage
group (p<0.05). Patient and allograft survival was similar
between groups. The authors concluded that the two
groups had equivalent perioperative morbidity, enteric
drainage was associated with fewer complications and not
associated with long term graft failure (32).

In a single-center study of the incidence of post-transplant
infectious complications for 78 enteric drained versus 48
bladder drained simultaneous pancreas-kidney transplants
performed between 1995 and 1997 there was no
difference in one year survival, time to first infection or
first abdominal infection between the two groups. Enteric
drained patients acquired fewer opportunistic infections
(p=0.002) and fewer urinary tract infections (p=0.0001)
(45).

In a retrospective cohort study of 23 consecutive
simultaneous pancreas-kidney transplants with enteric
drainage performed between July and November of 1995
compared to a group of 23 age and sex matched patients
with bladder drainage transplanted between November
1994 and June 1995 there was equivalent one year
actuarial patient (Enteric drainage 100%, bladder drainage
95.7%) and graft survival (Enteric drainage 87.5%,
bladder drainage 91.5%) as well as equivalent hospital
charges, length of stay, readmissions, rejection, sepsis-
related procedures. Enteric drainage patients experienced
significantly fewer urinary tract infections and other
urologic complications (28).
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A recent meta-analysis was performed with the goal of
analyzing the question: “In patients undergoing pancreatic
transplantation alone, does enteric drainage or bladder
drainage of exocrine secretions provide the best graft
survival?” This study included analysis of the results of
four retrospective cohort studies — three of the four
reported equivalent graft survival at 6-months and at 1-
year. The fourth reported decreased graft survival in the
exocrine drainage population secondary to technical
failure. The authors concluded that more robust studies
were needed (46).

Comparative Studies: Prospective

In a prospective study of systemic-bladder drainage
including a total of 32 patients it was noted that there was
similar patient, kidney graft and pancreas graft survival
rates between the two groups with no immunologic graft
losses. They also found similar cost and length of stay
between the two groups. They noted that the systemic-
bladder group had a slightly higher rate of readmissions,
urinary tract infections, urologic complications, metabolic
acidosis and dehydration. They demonstrated that portal-
enteric drainage can be performed with similar short-term
results to those with systemic-bladder drainage.
Additionally the authors suggest that both methods should
be included in the armamentarium of the pancreas
transplant surgeon (13).

In a prospective study of 40 consecutive simultaneous
kidney-pancreas transplants undergoing either bladder
(n=20) or enteric (n=20) drainage of exocrine sections
there was similar 1-year patient, kidney and graft survival.
There was no significant difference in surgical
complications, hospital length of stay, incidence of acute
rejection, major infections or CMV disease. There was a
higher rate of urologic complications, metabolic acidosis
and dehydration in the bladder-drainage group. The
authors conclude that patients have excellent patient and
graft survival irrespective of the chosen drainage
technique (9).

In a prospective study of 20 consecutive patients
undergoing systemic-bladder drainage followed by 20
consecutive patients undergoing portal-enteric drainage
there was similar patient survival, graft survival and mean
initial hospital stay. There were an increased number of
visits for dehydration and metabolic acidosis in the
systemic-bladder group and these patients required
bicarbonate replacement. Patients in the systemic-bladder
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group required more outpatient visits than those in the
portal-enteric group (4.9 vs. 0.3 per patient, p < 0.0001).
There was no significant difference in the cumulative
incidence of rejection. There were significantly fewer
cases of cytomegalovirus infection in the portal-enteric
group. There was no significant difference in the number
of wurinary tract and other infections. The authors
concluded that portal-enteric drainage could be performed
with good outcomes (16)

Animal Studies

Salahi et al. compared the early outcomes and histologic
findings of enteric drainage with bladder drainage in
pancreas transplantation in a canine model. They
performed diabetizaiton of 16 dogs and randomly
assigned them to either the bladder drainage or enteric
drainage group. There was not a significant difference in
mean survival time, pre-operative fasting blood sugar
values and two-week post-operative fasting blood sugar
values. There were no cases of early leakage in canines
with bladder drainage. There was early leakage in 37.5%
of the enteric drainage canines (p<0.05). There was not a
significant difference in the number of canines in each
group demonstrating clinical and pathologic evidence of
pancreatic necrosis. They concluded that there were
similar early outcomes, but dogs undergoing enteric
drainage experienced more complications (47).

New Techniques

New techniques for exocrine drainage have been proposed
including gastric-exocrine drainage of the pancreatic
allograft. A 34year-old female presented for re-
transplantation of her pancreas 2 years status-post
pancreas transplantation. Both iliac arteries were affected
by perivascular fibrosis and could not be used for arterial
anastomosis. The decision was made to proceed with
arterial implant in the infra-renal aorta, venous drainage to
the SMV and exocrine drainage to the gastric antrum. The
patient recovered from her surgery uneventfully. The
authors  concluded that the duodenum-stomach
anastomosis is an option for exocrine drainage of the
pancreas (48). In a single-center retrospective study of 38
patients who underwent pancreas transplant with gastric-
exocrine drainage there was good one-, three- and five-
year patient and graft survival (patient: 94%, 87%, 70%
and graft: 83%, 65%, 49%). The authors concluded that
the technique provides easy access for biopsy in the case
of suspected pancreatic allograft dysfunction. Reported
complications in this cohort of 38 patients included nine
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episodes of acute rejection in eight patients and seven
episodes of CMYV in six patients (49).

Conclusions

Early reports on bladder and enteric drainage reported that
enteric drainage had significantly more associated
complications. Prieto et al. in 1987 reported increased
one-year graft survival for patients with bladder drainage
was 90% versus 47% compared to enteric drainage,
despite the fact that patients with bladder drainage had
more episodes of rejection. Although they report that
bladder drainage is associated with metabolic acidosis,
they concluded that bladder drainage was the preferred
procedure secondary to the ability to monitor exocrine
function allowing for early recognition and treatment of
rejection (50).Sutherland et al. reported in 1988 that graft
survival rates were higher in bladder drainage than enteric
drainage, 58% versus 29% at one year. Patient survival
rates were similar (51). As cited above, the groups
reporting since that time show similar graft and patient
survival between enteric drainage and bladder drainage.
There are few prospective studies evaluating this topic. Of
the several analyzed here, Stratta et al. and Adamec et al.
both conclude that both enteric drainage and bladder
drainage are valuable techniques.

In conclusion, enteric exocrine drainage of the pancreas
allograft is the most commonly used technique presently.
Bladder drainage may have some utility in some situations.
Pancreas transplant surgeons should have both available
to offer to their patients. Additionally, a bladder drainage
procedure followed by indicated or elective enteric
conversion is also a valid option given the advantages of
avoiding long-term urologic complications of bladder
drainage. Gastric-exocrine drainage requires further study
to determine long-term outcomes.

Abbreviations

SPK or SKP = simultaneous pancreas-kidney transplant;
PAK = pancreas after kidney transplant, PTA = pancreas
transplant alone, SPT = solitary pancreas transplant,
include PAK and PTA, BD = bladder drainage, ED =
enteric drainage, UTI = urinary tract infection, NS = non-
significant, IPTR = International Pancreas Transplant
Registry
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