ANNALS OF SURGERY
Vol. 231, No. 2, 269-275
© 2000 Lippincott Williams & Wilkins, Inc.

Decreased Surgical Risks of Pancreas
Transplantation in the Modern Era

Abhinav Humar, MD, Raja Kandaswamy, MD, Darla Granger, MD, Rainer W. Gruessner, MD,
Angelika C. Gruessner, PhD, and David E.R. Sutherland, MD, PhD

From the Department of Surgery, University of Minnesota, Minneapolis, Minnesota

Objective
To document the decreased incidence of surgical complica-
tions after pancreas transplantation in recent times.

Summary Background Data

Compared with other abdominal transplants, pancreas trans-
plants have historically had the highest incidence of surgical
complications. However, over the past few years, the authors
have noted a significant decrease in the incidence of surgical
complications.

Methods

The authors studied the incidence of early (<3 months after
transplant) surgical complications (e.g., relaparotomy, throm-
bosis, infections, leaks) after 580 pancreas transplants per-
formed during a 12-year period. Patients were analyzed and
compared in two time groups: era 1 (June 1, 1985, to April
30, 1994, n = 367) and era 2 (May 1, 1994, to June 30,
1997, n = 213).

Results

Overall, surgical complications were significantly reduced in era 2
compared with era 1. The relaparotomy rate decreased from
32.4% in era 1 to 18.8% in era 2. Significant risk factors for early

relaparotomy were donor age older than 40 years and recipient
obesity. Recipients with relaparotomy had significantly lower
graft survival rates than those without relaparotomy, but patient
survival rates were not significantly different. A major factor con-
tributing to the lower relaparotomy rate in era 2 was a significant
decrease in the incidence of graft thrombosis; the authors be-
lieve this lower incidence is due to the routine use of postopera-
tive low-dose intravenous heparin and acetylsalicylic acid. The
incidence of bleeding requiring relaparotomy did not differ be-
tween the two eras. Older donor age was the most significant
risk factor for graft thrombosis. The incidence of intraabbdominal
infections significantly decreased between the two eras; this de-
crease may be due to improved prophylaxis regimens in the first
postoperative week.

Conclusions

Although a retrospective study has its limits, the results of this
study, the largest single-center experience to date, show a
significant decrease in the surgical risk associated with pan-
creas transplants. Reasons for this decrease are identification
of donor and recipient risk factors, better prophylaxis regi-
mens, refinements in surgical technique, and improved immu-
nosuppressive regimens. These improved results suggest that
more widespread application of pancreas transplantation is
warranted.

Although pancreas transplantation has gained significafdr factors in limiting the widespread application of pan-
popularity during the past 15 years, it has had the highesteas transplantation. At our center, however, we have no-
surgical complication rate of all routinely performed solidticed a steady decrease in the incidence of these
organ transplants. A significant number of pancreas graftsomplications. Reasons for this decrease include improved
are lost early after transplant secondary to these surgic@bnor and recipient selection criteria, refinements in surgi-

Complications. This h|gh graft loss rate and the morb|d|t}{:al technique, better immunosuppression, and more effec-
associated with these surgical complications have been Mgye prophylaxis regimens.

The purposes of this study were to document our im-
: ——  proved results and to determine risk factors for complica-
Correspondence: Abhinav Humar, MD, Dept. of Surgery, University ofyjns e studied the incidence of early surgical complica-
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olis. MN 55455. tions (those occurring in the first 3 months after the
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Rejection
Table 1. DEMOGRAPHIC DATA ejectio

Pancreas graft rejection after solitary bladder-drained

Era 1 Era 2 PValue  transplants was defined by a decrease in urinary amylase
0 . .

Total transplants (n) 367 213 _ levels of 25% or more f_rom bgsehne on tyvo consecutive
Category (n, %) 187/88/92 100/80/33 NS measurements, or by diagnosis from a blof)siyancrea;
SPK/PAK/PTA 51%/24%/25% 47%/37%/16% graft rejection after SPK transplants was frequently diag-
Mean recipient age (yrs) 36.5 39.7 NS nosed by an increase in serum creatinine levels; kidney
Mean donor age (yrs) 82.8 212 .04 biopsies were obtained whenever kidney graft rejection was
Years diabetic 24.0 25.2 NS linicall ted. T t t I ith
% Retransplants 14.6% 12.09% NS clinically suspected. Treatment was generally with a course
% Cadaver donors 92.1% 89.7% NS of antilymphocyte therapy.
SPK, simultaneous pancreas and kidney, PAK, pancreas after kidney; PTA, pan- .
creas transplant alone. Prophylaxls

Recipients in both eras received antiviral prophylaxis
(acyclovir or ganciclovir) and antibacterial prophylaxis with
performed at our center during a 12-year period. We hop@ broad-spectrum antibiotic (imipenem, ampicillin/sulbac-
that documenting the increased safety of pancreas transplatam, or ceftazidimeJ.In addition, recipients in era 2 were
tation will provide more support for its widespread appli- also given fluconazole as antifungal prophylaxis for the first
cation; currently, it remains the only cure for type 1 diabetesweek after the transplant. In 1994, we initiated a standard
mellitus. prophylaxis regimen against vascular thrombosis. There-
fore, most era 2 recipients received low-dose intravenous
heparin (300-500 units/hour) for the first 5 days after the
PATIENTS AND METHODS transplant and acetylsalicylic acid (ASA; 325 mg/day) for

the first 3 months after the transplant.
Between June 1, 1985, and June 30, 1997, 580 bladder-

drained pancreas transplants were performed at the Univer-
sity of Minnesota. Recipients were analyzed in two timeSurgical Complications

gl\r/loupi: fg; 41 t(‘]L‘J]ne 1éégfgé;o ?E”I 30, 199:)%)7and_e_raf Relaparotomy was defined as any reoperative procedure
(May 1, » 10 June 39, )- There were recipien ﬁqvolving the intraperitoneal or retroperitoneal space per-

" erletl 1 and 213 in era Zd' 'Il('_r(iansp.lagkﬁategones (Spffformed during the first 3 months after the transplant or
s!mu gneous pancreas and kidney, » pancreas _a %{uring the initial pancreas transplant hospital stay, if it
kidney; PTA, pancreas transplant alone) were Proportionz,, -eeded 3 monttfs’ Causes of relaparotomy (determined

ately the same between the two eras (Table 1). The don%y reviewing preoperative, operative, and postoperative

operation, which did not change significantly between thefindings) were classified as vascular graft thrombosis, intra-

twot_eras, gas be(tan deta|le_d prewc();_j;_sryt:_e rec_|p|ent20pé abdominal infection, bleeding, anastomosis and duodenal
erafion underwent some minor modifications in era <. pe'stump leak, or other. Thrombosis was diagnosed by clinical

cifically, almost all era 2 trgnsplants mvo!ved a donor iliac symptoms, imaging study results, intraoperative findings, or
artery Y-graft for the arterial reconstruction, and the pan-

ft laced the riaht side of the abdafn a combination thereof. Bleeding was defined as a significant
corelasb?rgd wgs pac(;e ?? eng ISI edob €a h en'complication if it necessitated a reoperation. Only symp-
n'y bladder-drained grafts were analyzed, because the Vaﬁjtmatic patients with documented culture-positive intraab-
majority of transplants in both eras were bladder—dramed&

D d ient selecti teria h b detail ominal infections were included in this study. Cultures
prcc)ar\]/(i)c:uzlrlﬁ recipient selection criteria have been detalleq o q optained from aspirations guided by computed tomog-

raphy or ultrasonography, or at the time of abdominal ex-
ploration. Anastomotic and duodenal stump leaks were di-
agnosed by clinical symptoms, imaging study results,

Immunosuppression laboratory findings, or a combination thereof.

All recipients in both eras received induction therapy,

which .|ncluded an ant|'lym.phocyte preparatlon. Mamte'Statistical Analysis
nance immunosuppression in era 1 consisted of cyclospor=
ine, azathioprine, and prednisch@ur immunosuppressive  Categorical variables were analyzed using the chi-square
protocols changed in 1994, so most era 2 recipients receive@st and when applicable Fisher’'s exact test. Continuous
a triple regimen of tacrolimus, mycophenolate mofetil, andvariables were analyzed parametrically using theest.

prednisone. During the first 6 months after the transplantPancreas graft and patient survival rates were calculated
tacrolimus doses were adjusted to maintain serum levels aiccording to the Kaplan-Meier method. Pancreas graft loss
10 to 15 ng/mL, then 8 to 10 ng/mL thereafter. was defined by return to exogenous insulin use after insulin
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era 2 are a lower incidence of graft thrombosis and a lower
number of intraabdominal infections requiring reoperation.
Bleeding complications were slightly more common in era
Era 1 Era 2 P Value 2, but the difference was not statistically significant. The
incidence of leaks was similar between the two eras. Other

Table 2. INCIDENCE AND REASONS FOR
RELAPAROTOMY

Total transplants (n) s6r 213 - causes for relaparotomy in era 1 included fascial wound
Relaparotomy rate 32.4% 18.8% .001 . ..
Reasons for dehiscence (& 5), pseudoaneurysm of the iliac artery=n
relaparotomy: 2), kidney graft thrombosis (= 1), colonic perforation
Thrombosis 10.1% 5.6% 06 (n = 4), acute cholecystitis (n= 11), and a negative
. 0, 0, -
g:g;'i(r’]gs 12'8[? gg;’ '?21 exploration (n= 1). In era 2 there were only three relapa-
. 0 . () . . . .
Leaks 3.8% 6.1% NS rotomies for other causes: fascial wound dehiscence 2)
Other 6.5% 1.3% .001 and pseudoaneurysm of the iliac artery<ri). Overall, the

incidence of relaparotomy secondary to other causes was
higher in era 1 than era 2 (6.5% vs. 1.4Po= .01).
To identify risk factors for relaparotomy, we performed a

independence. Calculation of patient survival included .~ . - .
death occurring after pancreas and kidney graft loss S‘urgmvanate analysis for the 213 era 2 recipients. Most sig-
. ificant were older donor age (older than 40 years, 35.1%;

vival rates were compared among groups using the geneP— > o .
alized Wilcoxon testP < .05 was considered significant. 40 years or younger, 11.0%;= .002) and recipient obesity

Also, using univariate techniques, we studied risk factordP0dy-mass index-25 kg/nf, 25.3%;=25 kg/”?{ 14.3%;
for poor graft survival, relaparotomy, thrombosis, and in-P = -04). Older donor age was associated with a signifi-
traabdominal infections specifically in era 2 recipients.c@ntly higher incidence of graft thrombosis and intraab-
Variables included donor age, recipient age, recipient bodydominal infections in the recipient. Recipient obesity was
mass indeX, preservation time, transp|ant number (primar?lso associated with an increased risk for thrombosis (92%
vs. retransplant), recipient category (SPK, PTA, PAK), du-vs. 4.0%,P = .10), although this did not quite reach
ration of diabetes, and pretransplant dialysis status. statistical significance. Other surgical complications such as
leaks (9.2% vs. 7.9% = NS) and intraabdominal infec-
RESULTS tions (10._3% VS. 4.7%P. = .10) also t_ended t_o be more

common in obese recipients, but again the differences did

Demographic data for recipients in era 1 and era 2 ar@ot reach statistical significance.
shown in Table 2. We found no significant difference be- Not associated with an increased risk for relaparotomy
tween the two eras in the number of recipients in eaclwere recipient age, duration of diabetes, type of dialysis,
transplant category (SPK vs. PAK vs. PTA). SPK trans-cause of donor death, preservation time, transplant number,
plants constituted roughly half of all transplants in both erasor graft location. We looked at acute rejection specifically to
PAK transplants were slightly more common in era 2, butgetermine whether it increased the likelihood of a surgical
the difference was not statistically significant. The two eras;omplication. The overall incidence of relaparotomy in re-
also did not differ with respect to mean recipient age,cinients with acute rejection was 15.1% compared with
number of years the r_eC|p|ent was diabetic before the trans;q gos in those without acute rejectioR & NS). Major
plant, or the proportion of repeat transplants. Howeversurgical complications (e.g., thrombosis, bleeding, infec-

mean Fionor age differed significantly (33 years in era 1, 2%ions, and leaks) were not increased in the presence of acute
years in era 2P = .04). rejection

Patient and graft survival rates for era 2 recipients requir-
Relaparotomy ing versus not requiring relaparotomy are shown in Figure

Relaparotomy rates (total and broken down by reason fo}L Gr_a_ft survival rates were signi_ficantly lower for recipients
relaparotomy) are shown in Table 2. The percentage ofequiring relaparotomy. Approximately 40% of relaparoto-

recipients requiring early relaparotomy significantly de-Mi€s resulted in graft pancreatectomy. Reasons for pancre-
creased (32.4% in era 1, 18.8% in eraP2= .001). The atectomy included vascular thrombosis with infarction of
death rate in recipients requiring early relaparotomy alsghe graft, diffuse intraabdominal infections (usually in con-
decreased significantly (9% in era 1, 4% in er#2: .05).  Junction with leaks), and severe graft pancreatitis. Of note,
The decreased relaparotomy rate was not noted until thBowever, patient survival rates did not significantly differ
start of era 2; when era 1 recipients were subdivided intdetween recipients requiring versus not requiring relapa-
those who underwent transplantation before 1990 versuotomy. Also, graft survival in recipients requiring relapa-
between 1990 and 1994, no significant difference was notetbtomy was significantly better in era 2 than era 1: 44% in
in the relaparotomy rate (26.2% vs. 35.8%0= NS). era 2 versus only 25% in era P & .01) at 1 year after the
The two main reasons for the lower relaparotomy rate inransplant.
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100 #eg — age, body mass index, duration of diabetes, location of graft

T seal, . N\ No Relap (left vs. right), or arterial reconstruction technique. Obese

Teal recipients tended to have a higher incidence of thrombosis,

A= k- h= A

801 No Relap * but this did not quite reach statistical significance.

601 Intraabdominal Infections

The incidence of documented intraabdominal infections
decreased significantly (18.0% in era 1, 5.8% in erB 2
.001). Infections were managed either by percutaneous
drainage with radiologic guidance or by relaparotomy. The
20 - : patient survival incidence of relaparotomy for intraabdominal infections de-
T creased significantly (12.0% in era 2, 3.5% in er® 1001).
For the 213 era 2 recipients, the incidence of intraabdomi-
0 T nal infections was slightly higher after SPK transplants
¢ o4 e B e s 0 2 (6.3%) than PAK (3.1%) or PTA (4.4%). Treatment in-
Months Postransplant volved graft pancreatectomy for 40% of the recipients. The
others underwent drainage of abscess (percutaneously or
open), déridement, and abdominal irrigation. Approxi-
mately 50% of the infections were polymicrobial; the re-
Vascular Thrombosis mainder involved a single organisnKlébsiella 10%,
Pseudomona0%, Staphylococcug0%). Fungal infection
_The overall incidence of vascular graft thrombosis sig-yas identified in only two of the era 2 recipients with
nificantly decreased (12.1% in era 1, 5.8% in er&P2  polymicrobial infection. In contrast, in era 1, fungal organ-
:02). The majority (70%) of era 2 recipients received throm-jsms were present in 34% of intraabdominal infections.
bosis prophylaxis with heparin and ASA compared with  sjgnificant risk factors for intraabdominal infection in era
fewer than 5% of era 1 recipients. The incidence of bleeding recipients were older donor age (older than 40 years,
complications requiring relaparotomy slightly increased;g 295; 40 years or younger, 2.9%;= .009) and vascular
with the routine use of heparin (4.9% in era 1, 6.6% in eragisease in the recipient (12.3% with vs. 2.6% withdut:
2;P = .14), although this difference did not reach statistical o1, Recipient obesity was associated with a significantly
significance. Graft thrombosis always resulted in graft pannigher incidence of wound infections (21.8% vs. 9.5%-
createctomy. However, relaparotomy for bleeding nevergy) and a trend toward a higher incidence of intraabdominal
resulted in graft pancreatectomy; graft survival after thejnfections P = .10). Not significant in this analysis were
transplant was no different in recipients who underwentrecipient age, duration of diabetes, and positive preservation
exploration for bleeding compared with recipients with nofjyid or donor duodenum cultures. Pretransplant dialysis
significant bleeding (Fig. 2).
Univariate analysis for the 213 era 2 recipients found
older donor age to be the most significant risk factor for
graft thrombosis. As donor age increased, so did the inci- )
dence of thrombosis: it was 1.8% for those younger than 20
years, 3.7% for those 20 to 40 years, and 16.2% for those s -
older than 40 yeard$X(= .009). Other significant risk factors
were related to thrombosis prophylaxis regimens and pre-
transplant dialysis status. Recipients who received heparin’i 60 1
and ASA for prophylaxis after surgery had a 4.0% incidence <
of thrombosis; the incidence was 10.8% in those who did

% Survival
x

40 A \x--x--xR-eléﬁ(-—x--x

- - - - :graft survival

Figure 1. Patient and graft survival rates for recipients requiring versus
not requiring relaparotomy (era 2 only).

% Gral

not (P = .06). Recipients receiving dialysis before the ] T+ No Thrombosis
transplant had a significantly lower incidence of thrombosis - Thrombosis
than those who were not receiving dialysis (2.6% vs. 8.0%, = = NoBleeding
P = .04). When analyzed by type of transplant, preemptive 7 - - Bleeding

SPK transplants (i.e., for recipients not yet receiving dialy-

sis) had the highest incidence of thrombosis (11.4%). Non- | S
preemptive SPK transplants (i.e., for recipients receiving 0 2 4 6 8 10 12 14 16 18 20 22 2
dialysis) had a 3.1% incidence of thrombogts< .10). The Months Postiransplant

WPe (?f qialysis (pgritqqeal VS. hemOdialyS.iS) did not changerigure 2. Graft survival rates for recipients requiring relaparotomy for
this finding. Not significant for thrombosis were recipient bleeding and thrombosis (era 2 only).
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status (preemptive vs. nonpreemptive) and type of dialysisransplants increased. With the current demand for cadaver
(peritoneal vs. hemodialysis) did not influence the incidence&idneys and the long waiting times for SPK transplants, we
of intraabdominal infections. Graft survival was 60% at 1find it convenient to offer a living related kidney transplant
year for recipients with and 82% for those without intraab-followed by a cadaver pancreas transplant to uremic dia-
dominal infections P = .01). betic patients. One notable change in demographics be-
tween the two eras was a shift toward use of younger
DISCUSSION donors._Again, this shift was based on our prgviqgs anally—
ses, which showed older donor age to be a significant risk
Pancreas transplantation is currently the only treatment ofactor for surgical complication/**
type 1 diabetes mellitus that routinely and consistently The overall incidence of relaparotomy significantly de-
restores normoglycemia and returns long-term hemoglobiereased (32.4% in era 1 vs. 16.2% in era 2). Not only did the
Al-C levels to normal. It has gained significant popularity incidence of relaparotomy decrease, but also recipients tol-
during the past decade but remains significantly underuseerated it better in era 2. The death rate in recipients requiring
as a treatment option for the vast majority of patients withrelaparotomy decreased significantly (9% in era 1 vs. 4% in
type 1 diabetes. One obvious reason is the risk of long-terrera 2). This decrease is probably related to improved anti-
immunosuppression, especially in recipients of solitary panmicrobial therapy, more specific immunosuppressive ther-
creas grafts who are not in renal failure and who do not needpy, and most importantly improved intensive care. Graft
a kidney transplant. However, another major obstacle teurvival also improved between the two eras for recipients
widespread application of pancreas transplantation has be@mt requiring relaparotomy. This improvement was in part
its high rate of surgical complications. In fact, it has thedue to a higher patient survival rate, but also to a higher
highest surgical complication rate of all routinely performedgraft salvage rate in the current era for recipients with leaks
solid organ transplanfs:*°Several factors contribute to this and intraabdominal infections.
high complication rate, such as the underlying disease itself The main reason for the decrease in relaparotomy rates
and the broad spectrum of potential pancreas graft compliwas the decreased incidence of vascular graft thrombosis
cations (infection, necrosis, pancreatitis, fistula formation)and intraabdominal infections. Thrombosis and infections
Many centers have reported close to a 30% incidence oivere the two most common reasons for relaparotomy in era
surgical complicationd;'° often requiring reoperation. 1. Bleeding now is the most common reason, followed by
At our center, during the past 5 years, we noted a signifthrombosis, infections, and leaks in roughly the same inci-
icant decrease in the incidence of surgical complicationsdence. SPK transplants (vs. PAK or PTA) were associated
Many factors are probably responsible. In extensive analywith the highest relaparotomy rate in both eras, probably
ses of our results in the 1980s and early 1990s*?we  reflecting the more technically involved and demanding
looked at the incidence of and risk factors for major surgicalnature of the dual-organ versus the single-organ transplant.
complications (e.g., thrombosis, intraabdominal infections, The most significant risk factors for relaparotomy in era
leaks, bleeding). Based on the results of those analyses, vilewere older donor age and recipient obesity. In several
modified our donor and recipient selection criteria, surgicalprevious analyses, we showed older donor age to be a risk
techniques, and prophylaxis regimens. Also contributing tdactor for several surgical complications, including throm-
improved outcome are more effective immunosuppressiveosis and infections!* Surgical complications overall
regimens, more accurate diagnosis of rejection, and morseemed to be more common in obese recipients, especially
efficient but less toxic agents for treating posttransplaninfections and thrombosis. The reason may be related to
infections. increased technical difficulties encountered in performing
The division of our experience into the two eras wasthese procedures in obese recipients. Several reports in the
arbitrary, although several major changes to our protocol&idney transplant literature show obesity to be a significant
were made in 1994. One major change was a switch fromisk factor for postoperative surgical complicatidis:*
immunosuppressive protocols based on cyclosporine and Relaparotomy had a significant negative impact on graft
azathioprine to those based on tacrolimus and mycophenaurvival rates. Most graft losses occurred early after the
late mofetil. Thrombosis prophylaxis using low-dose hepa-transplant and involved pancreatectomies for infarcted
rin and ASA was initiated on a regular basis in 1994. Thatgrafts or severe intraabdominal infections. We found no
same year, we added an antifungal agent (fluconazole) faignificant difference in patient survival rates for recipients
the first week after the transplant as prophylaxis againstequiring versus not requiring relaparotomy. This finding is
fungal infections. The relaparotomy rate during the secondh contrast to our previous era 1 repademonstrating lower
half of era 1 (1990-1994) remained high, suggesting thapatient survival rates for recipients requiring versus not
these changes played some role in reducing the relapaequiring relaparotomy. Likely reasons for the improved
rotomy rate. patient survival rates in era 2 are better critical care, better
Recipient demographics did not change significantly be-antimicrobial therapy, and performance of graft pancre-
tween the two eras. SPK remained the most common of thatectomy early in the face of significant surgical complica-
three transplant categories, although the number of PAKions.



274 Humar and Others Ann. Surg. + February 2000

Vascular thrombosis is the leading cause of nonimmunofungal infections. The anastomotic leak rate, unfortunately,
logic pancreas graft loss in the literature, with a reportechas not changed. Because they often result in intraabdomi-
incidence of 10% to 35%:~*" According to the Interna- nal infections, leaks must be addressed to reduce the inci-
tional Pancreas Transplant Registry, thrombosis accountdence of serious abdominal infections.
for almost 60% of all nonimmunologic graft failuréWe In summary, despite the limitations of a retrospective
noted a decline in the incidence of vascular thrombosistudy, the results of this study, the largest single-center
(10.1% in era 1, 5.6% in era 2). We believe this decline isexperience to date, demonstrate a significant decrease in the
in large part due to our prophylaxis regimen consisting ofsurgical risk associated with pancreas transplantation. Rea-
low-dose heparin and ASA. Era 1 recipients rarely undersons for this decrease include identification of donor and
went prophylaxis with heparin, whereas most era 2 recipitecipient risk factors, leading to better selection criteria,;
ents did. However, of the 213 era 2 recipients, almost 30%mproved organ-preservation techniques; refinements in
did not receive heparin because of bleeding or some othesurgical technique; more effective prophylaxis regimens;
contraindication; the incidence of thrombosis in these recipand improved immunosuppressive regimens. Widespread
ients was 10.8% (vs. 4.0% in the 70% of recipients whoapplication of pancreas transplantation has been limited in
received heparin). part by its high surgical complication rate. Our present

In this analysis, older donor age was the most significantlocumentation of decreased surgical complications supports
risk factor for graft thrombosis; this finding is similar to our our contention that more widespread application is war-
previous report of era 1 recipients orffyThe reason may ranted, especially for PTA and PAK transplants. A surgical
be an increasing incidence of atherosclerotic disease inure for diabetes is now a viable option.
donor vessels with increasing age. Preemptive transplanta-
tion (i.e., for_ rec!plents with .renalllfallure b.efore they Acknowledgments
progress to dialysis) was also identified as a risk factor for
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