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Postoperative Management 

9.1 
Uncomplicated Course 
lohn P. Leone and Kecia Christensen 

A complication-free outcome after a pancreas transplant de
pends on detailed knowledge of both the recipient and donor. 
To minimize morbidity, postoperative care actually begins 
pre- and intraoperatively (see chapters 7 and 8). Transplant 
surgeons and physicians must anticipate the expected graft 
function and patient response to the operative procedure. Fail
ure to do so will prolong the hospital stay and possibly com
promise graft and patient survival. For example, if delayed 
kidney graft function is expected after a simultaneous pan
creas and kidney (SPK) transplant pre- and intraoperative de
cisions can be made regarding fluid restriction, the need for 
early dialysis, and the choice of immunosuppressive agents. 
This chapter provides insight into the key elements necessary 
for the early management of pancreas transplants postopera
tively, with emphasis on avoiding preventable complications. 

Preoperative Care 

As with any surgical procedure, detailed knowledge of the pa
tient is essential. A meticulous preoperative evaluation, in
c1uding a complete history and physical examination, is cru
cial to ensure optimal patient and graft outcomes. Preoperative 
evaluation also allows for assessment of acute medical issues 
(e.g., infectious diseases) that would contraindicate surgery. 
In pancreas transplant recipients, significant emphasis must 
be placed on three areas: (1) cardiovascular status, (2) kidney 
function, and (3) glucose control. 

Immediate preoperative cardiac evaluation is pivotal be
cause most pancreas transplant recipients have had insulin
dependent diabetes for 20 years or more. Underlying cardiac 
disease should be presumed, even if recent cardiac testing 
(stress tests or catheterization) indicates otherwise. One would 
assume that patients with relatively negative cardiac testing 
should fare better than those with significant disease. How
ever, it is our opinion that all patients undergoing pancreas 
transplantation are at risk for a cardiac event; thus, all should 
be managed to maintain optimal cardiac status (i.e., balanc-

ing cardiac output and perfusion pressure while minimizing 
cardiac oxygen demand). 

Previous hospital records pertaining to cardiac evaluations 
and procedures (e.g., angioplasty, bypass) should be reviewed 
as early as possible. Commonly, a significant amount of time 
(months to years) may have passed since a potential candi
date's initial evaluation. For this reason, patients should un
dergo appropriate cardiovascular evaluation every 6 months 
to 1 year while on the waiting list. 

If, on preoperative admission, significant progression of 
cardiac disease is diagnosed (based on recent medical history, 
physical examination, or electrocardiogram [EKG]), it may 
be necessary to proceed with additional noninvasive stress 
testing or directly with coronary arteriography. If revascular
ization (i.e., coronary artery bypass) is indicated, the pancreas 
transplant should be deferred. 

Because diabetic micro- and macroangiopathy is in a rela
tive state of progression (the degree of which varies from pa
tient to patient), attention must also be given to peripheral 
vascular disease. Details must be obtained during the admis
sion history and physical examination regarding vasculopa
thy, especially with respect to aortoiliac atherosc1erosis. Pre
operative, detailed knowledge of vascular lesion(s) is 
imperative so that proper dissection can be performed for the 
arterial anastomotic sites. 

For those patients who have had a significant change in 
their peripheral vascular examination, immediate duplex ul
trasonography, magnetic resonance angiogram (MRA), or ar
teriography should be considered. If, on preoperative admis
sion, significant, unexpected disease is identified at the level 
of the iliac arteries, the patient may require repair (bypass, 
angioplasty) during the transplant procedure or the transplant 
should be deferred until all lesions have been corrected. In 
general, if the immediate preoperative evaluation demon
strates new and significant progression of cardiovascular 
disease it is usually wiser to choose another recipient rather 
than take the risk of trying to "fmesse" a possibly doomed 
transplant. 
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As with arterial evaluation, a complete history of venous 
catheterizations and anomalies should also be obtained to 
avoid undue delays intraoperatively with central venous 
catheter placement. 

In uremic candidates, the need for hemodialysis must be 
determined prior to transplantation. In this context, knowl
edge of dialysis status and preoperative fluid management (in
eluding electrolyte, acid base, and volume status) is vital to 
the proper choice of a uremic recipient for organs from a par
ticular donor. Special attention should be given to recipient 
potassium; if levels are high, a rapid decision must be made 
to treat medically or with dialysis. Patients who are fluid over
loaded, have high potassium levels, and/or are inadequately 
managed by peritoneal dialysis (i.e., imbalance of metabolic 
profile and/or chronic state of fluid overload) may require a 
course of hemodialysis immediately prior to surgery. Ade
quate pretransplant hemodialysis not only simplifies periop
erative management but also reduces the risk of hyperkalemia 
during surgery. Although pretransplant hemodialysis prolongs 
ischemic time, those patients then will not require immediate 
posttransplant dialysis, which carries with it the risks ofbleed
ing (due to heparinization), hypotension, and acute tubular 
necrosis (ATN) if the kidney graft fails to function immedi
ately. Thus, adequate time should be allowed to optimize the 
recipient' s fluid and electrolyte status via hemodialysis if nec
essary. The duration of pretransplant hemodialysis should be 
discussed by the transplant surgeon and nephrologist to min
imize the surgical risk as well as minimize graft cold ischemic 
time so as to not compromise graft function. 1 

If the transplant candidate is on peritoneal dialysis, peri
tonitis should be ruled out by gram stain examination. Typi
cally, definitive culture results are pending before the trans
plant procedure is started. 

Another important area of evaluation is glucose control. Be
cause potential recipients are nothing per os (NPO) prior to sur
gery, elose monitoring of blood sugar is mandatory. Many pa
tients will have administered their long-acting insulin prior to 
notification of the possible transplant. They are usually kept 
NPO prior to hospital arrival and thus require a finger-stick glu
cometer reading upon admission. A laboratory blood glucose 
level is also obtained to confirm glucose status. To properly 
manage blood sugars, a peripheral intravenous (IV) line should 
be placed immediately. Although variations exist from center 
to center on how to best manage blood sugar (either sliding 
scale or insulin drip), the underlying theme of all protocols is 
to pay elose attention (usually hourly). Surgeons and anesthe
siologists must adequately communicate so that optimal glu
cose control is maintained throughout surgery. In the event that 
a patient has not administered their regularly scheduled insulin 
dose at the time of transplant notification, one third to one half 
the usual dose is recommended while the patient is NPO. 

In the hours following hospital admission, the house staff 
must optimize this period for the final preoperative evalua
tion and preparation of the patient (Table 9.1.1). In general, 
and specifically for SPK and pancreas after kidney (PAK) re-
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TABLE 9.1.1. Immediate preoperative evaluation of 
pancreas recipients. 

1. Review of transplant work -up results 
Cardiovascular testing 
• Electrocardiogram 
• Stress echocardiogram (mandatory for >20 y of IDDM) 
• Cardiac catheterization (if done) 
• Peripheral vascular noninvasive studies (if done) 
• Aortogram with peripheral runoff (if done) 
• Previous venous catheters, fistulas, grafts, and complications 
N oncardiac testing 
• Mode and adequacy of dialysis 
• Abdominal ultrasound 
• Chest x-ray 
• Pulmonary function tests (if done) 
• Sigmoidoscopy or colonoscopy (mandatory for age >50 y) 
• Cystourethrogram (if history of infection, congenital abnormality, 

reflux, or neuorgenic bladder 
• Dental exam 
• Ophthalmology exam 
• Females: Last pelvic exam with Pap smear and marnmogram 

(if needed) 
Psychosocial evaluation 

2. History and physical 
With emphasis on changes in cardiovascular disease, infectious history 

(including viral), dialysis access and needs, previous surgery 
3. Admission testing 

Chest x-ray 
Electrocardiogram 
Laboratory tests 

ABO type and antibody screen 
Type and screen for blood transfusion 
Histocompatability: Crossmatch and panel-reactive antibody 

assessment 
Complete blood count 
Complete metabolic panel 
Coagulation factors 
Hepatitis panel (A, B, C) 
HIV 
Viral panel (EBV, CMV, HSV, VZV) 
RPR 
PSA (for males age 55 and older) 
Serum pregnancy (for females <55) 
Urine analysis 

IDDM, insulin-dependent diabetes mellitus; HIV, human immunodeficiency 
virus; EBV, Ebstein-Barr virus; HSV, herpes simplex virus; VZV, varicella
zoster virus; RPR, rapid plasma reagin; PSA, prostate-specific antigen. 

cipients, the preparation phase is similar to that of kidney 
transplant alone (KTA) recipients. This period usually ranges 
from a minimum of 3 to 5 hours due to the time required by 
the histocompatibility laboratory to complete the crossmatch. 
The preoperative orders (Table 9.1.2) should be complete and 
the results of all admission tests reviewed. Ample time is 
available for apreoperative shower with hibielens or beta
dine. A rectal enema should be given early to ensure evacu
ation of fecal content. Dialogue with the patient regarding the 
expected risks and benefits of the surgical procedure must 
take place and conelude with the signing of consent. This time 
also allows the patient to be reintroduced to any elinical stud
ies for which they are eligible. To maximize communication 
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TABLE 9.1.2. Template for routine admission orders. 

1. Admit to transplant unit 
2. Notify transplant housestaff on-call of patient arrival 
3. Notify staff nephrologist on-call for dialysis orders (if necessary) 
4. Send transplant evaluation chart to floor 
5. Sign preoperative consent 
6. Notify study coordinator of patient arrival 
7. 1f patient on peritoneal dialysis, drain dialysate from abdomen prior to OR 
8. Assess vital signs Q 4 h 
9. Record weight and height 

10. Strict monitoring of intake and output 
11. Shower patient with hibic1ens or betadine 
12. Administer warm tap water enema per rectum X 2; notify MD if no 

results 
13. Keep NPO except medications with sips of water 
14. Apply heel protectors prior to transfer to OR; pneumomatic 

compression garment to OR 
15. Obtain fmger-stick blood sugars Q I h times 2, then Q 2 h when stable 
16. Begin immunosuppression (per protocol) 
17. Send antibiotics to be given in OR (per protocol) 
18. Admission testing (as detailed in Table 9.1.1) 

OR, operating room. 

in this regard, patients should become aware of the possibil
ity of study entry at the time of listing. To maximize infor
mation transfer and patient accrual, personnel most farniliar 
with a particular experimental protocol should conduct the 
discussion and consent process. 

Intraoperative Care 

Successful intraoperative management depends on cooperation 
and team work between the surgeons, anesthesiologists, and 
nursing staff involved. Abrief description appears here while 
a more detailed discussion is provided in chapter 8.2.1. A na
sogastric tube and bladder catheter should be placed immedi
ately following the onset of anesthesia and intubation. Most 
centers prefer placement of a central venous line (preferably 
internal jugular) for volume status monitoring (central venous 
pressure [CVPD while others are most cornfortable with pul
monary artery catheters (Swan-Ganz). Similarly, institutional 
preferences vary with respect to the need for an arterial line 
compared to arm cuff for monitoring blood pressure. Pul
monary artery catheters and arteriallines are most commonly 
used in recipients with compromised cardiovascular status. 

Prior to the incision, appropriate antibiotics and immuno
suppressants are administered per protocol; intraoperatively, 
antibiotics may need to be redosed. Fluids (electrolyte solutions 
and colloids) are administered to maintain a CVP in the 12- to 
15-mm Hg range. Most centers prefer colloid to minimize the 
amount of total fluids given which possibly aids in reducing 
postoperative fluid overload. Blood glucose is monitored 
hourly and usually controlled with an insulin drip; blood glu
cose levels should be maintained at 110 to 150 mg/dL. 

At the time of organ reperfusion, bleeding from the allo
graft(s) may be problematic, especially from the pancreas. 
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Adequate volume status is imperative at this time point. Ag
gressive use of blood products may be required, so adequate 
communication and preparation by the anesthesiology and 
nursing staffs must ensure that immediate infusion can begin 
if necessary. In nonuremic, PAK or pancreas transplant alone 
(PTA) recipients, 30 U/kg of IV heparin is recommended by 
some centers to prevent pancreatic vascular thrombosis and 
is given just prior to reperfusion of the pancreas.2,3 Simulta
neous pancreas and kidney recipients are rarely heparinized 
at the time of revascularization (unless the recipient has a pre
vious history of deep venous thrombosis or pulmonary em
bolism). Before revascularization, diuretics are frequently 
given to promote early kidney graft function in SPK recipi
ents (using furosemide) and reduce pancreas graft swelling 
(using mannitol up to 1 g/kg). Some centers also recommend 
the use of somatostatin analogs. 

Upon completion of the procedure, the abdomen is copi
ously irrigated with antimicrobial solutions (e.g., containing 
bacitracin and amphotericin). Closed-suction drains are rarely 
placed and are usually reserved for situations where allograft 
trauma is suspected that may result in bleeding or pancreatic 
leak. A suction and drainage system (chapter 8.2.2) may be 
placed in case of severe pancreatitis after revascularization. 
The abdomen and skin are then c10sed and the patient pre
pared for transfer from the operating room. 

Immediate Postoperative Care 

Immediately following the transplant, recipients are brought 
to the postanesthesia care unit or intensive care unit (ICU). 
As with any surgical procedure, hemodynamic and ventila
tory assessment is paramount during recovery. In most in
stances, the endotracheal tube can be removed in the operat
ing room. However, one should not fret about leaving the 
patient intubated while awaiting further evaluation in the re
covery unit. A blood gas demonstrating adequate gas ex
change, a stable blood pressure and pulse rate, good urine out
put, adequate pain control, and a satisfactory chest x-ray are 
all indicators that a patient can be successfully extubated, re
covered, and sent to the desired ward (either ICU or moni
tored step-down unit). However, if liberal use of IV fluids oc
curred during the operative procedure facial and laryngeal 
edema as weIl as pulmonary fluid overload may be a concern 
and prec1ude early extubation. A complete blood count, com
plete chemistry and coagulation profiles, chest radiograph, 
and EKG are routinely obtained. Vital signs and oxygen sat
uration are monitored frequently. 

Early Graft Function: Days 1 and 2 

The first 24 to 48 hours posttransplant are the most crucial. 
It is during this period that recipients are most vulnerable and 
at highest risk for a catastrophic error in postoperative care. 
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TABLE 9.1.3. Temp1ate for routine postoperative orders. 

1. Admit to ICU (or step-down unit) 
2. Condition: Critical 
3. Allergies: 
4. Vitals signs per intensive care protocol: Notify MD for SBP > 160 or 

<120, DBP > 100, HR> 120 or <60, temperature > 101.5°F, RR 
> 25 or <10 

5. Activity: Bedrest X 24 h, then OOB to chair QID 
6. Nursing specials 

Cardiac monitor 
CVP or Swan-Ganz catheter to monitor; notify MD for CVP > 15 

or <8 mmHg 
BP cuff Q 5 min or arterial line to monitor 
Continuous-pulse oximetry; titrate O2 to keeps saturation above 

93% 
NGT to low interrnittent suction 
Foley catheter to gravity. Irrigate Foley w/30 cc NS pm for clot 

removal. Notify MD if CBI possibly required. 
Strict input & output Q 1 h 
Drains to bulb suction (if present). Measure output Q 4 h & pm 
Elevate head to 30° 
Incentive spirometry Q 1 h 
Pneumatic compression garments to legs bilaterally 
Abdominal binder when patient upright 
Q 1 h accuchecks while patient on insulin drip. Titrate to keep 

BGs between 100-150. 
7. Diet: NPO 
8. IV fluid 

Replacement fluid 1/2 NS with 10 meq HC03- at cc/cc output (h) 
If urine output> 1000 cclh, then replace 1/2 cclcc 
If urine output< 100 cclh, call MD 
Maintenance of D5 1/2 NS at 50 cclh (optional, must subtract 

from replacement) 
9. Medications* 

Pain medication: Patient-controlled pump (morphine, dilaudid) 
Antibiotics 
Immunosuppression 
Gastric antisecretory agent 
Nystatin swish & swallow 
CMV prophylaxis (gancyclovir or valacyclovir; adjust dose for 

renal function) 
Beta blocker PRN 
Doparnine (if needed) 
Sulfamethoxazole/trimethoprim 
Octreotide (optional) 
Rectallaxative (begin POD 2) 
Stool softener when taking PO 
Females: Antifungal vaginal suppository 
Other medications based on patient's preoperative history 

10. Labs 
In PACU: Complete blood count, basic metabolic panel, calcium, 

magnesium, amylase, lipase, coagulaton factors 
First 24 h: CBC, BMP, Ca++, Mg++ Q 6 h X 3 
Daily labs: CBC, BMP, serum amylase & lipase, FK or CSA 

level; urinary amylase (bladder drained only) 
11. CXR in recovery room 
12. Begin self-medication teaching on POD 1 or as soon as able 

DBP, diastolic blood pressure; HR, heart rate; RR, respiration rate; OOB, 
out of bed; QID, once daily; BP, blood pressure; NGT, nasogastric tube; NS 
pm, normal saline as needed; CBI, continous bladder irrigation; BG, blood 
gases; POD, postoperative day; PO, per os (orally); PACU, postoperative af
ter-care unit; CBC, complete blood count; BMP, basic metabolic panel; FK, 
tacrolimus; CSA, cyclosporine; CXR, chest x-ray. 
*See discussion in text for medication recommendations. 
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In short, the goal is to support the patient' s body systems in 
maintaining a steady state during aperiod when fluid shifts 
and medical management are most difficult. In this phase of 
recovery, three major processes are evolving: (1) The recipi
ent is undergoing the physiological response to surgical 
trauma, (2) the transplanted organs are in a varying degree of 
reperfusion in jury/recovery (inc1uding reperfusion pancreati
tis), and (3) the recipient is now immunosuppressed. As one 
can expect, the combination of these three processes, espe
cially in a diabetic patient with significant secondary com
plications of their disease, presents a formidable challenge to 
the transplant team. 

In the following sections of this chapter, detailed informa
tion is provided on the specifics of posttransplant care of pan
creas transplant recipients. Emphasis is placed on the com
plexity of the posttransplant process in diabetic recipients and 
on strategies to avoid the consequences of suboptimal man
agement that lead to early graft loss and increased patient mor
bidity. A template for routine postoperative orders is provided 
in Table 9.1.3. 

IV Volume Monitoring and Fluid Management 

Due to the long history of diabetes in pancreas transplant re
cipients, one can presume that coronary and peripheral vas
cular compliance is comprornised. Therefore, individual re
cipients may have a narrower "window" of optimal volume 
status compared to nondiabetic, nonrenal failure patients. 
Most centers rely on CVP monitoring as a means of assess
ing volume status postoperatively. In most cases, a CVP be
tween 8 to 14 mm Hg is adequate. However, emphasis must 
be placed on treating the patient and not the "numbers." For 
instance, a hemodynarnically stable patient with a CVP of 5 
mm Hg and good urine output may not necessarily require 
additional fluid. In cases where uncertainty remains regard
ing volume status with CVP monitoring, pulmonary artery 
pressure (PAP) monitoring may be warranted. 

The maintenance solution commonly used following pan
creas transplantation is 1/2 NS with 10 meq/HC03 -. By tra
dition, bicarbonate replacement has been especially important 
for recipients with bladder drainage of pancreatic exocrine se
cretions.4-6 However, in our experience, even enteric-drained 
SPK recipients have an acidosis that requires bicarbonate re
placement in the immediate postoperative period. Bladder
drained recipients usually require long-term, oral bicarbonate 
supplementation. However, the base deficit arising in enteric
drained recipients is usually self-lirnited due to physiological 
absorption of bicarbonate, and thus does not require replace
ment beyond the perioperative period. Maintenance fluids are 
usually infused at an In = Out rate once hemodynarnic sta
bility is obtained. I =0 infusion is usually maintained for the 
first 24 hours, incorporating the above guidelines with CVP 
monitoring. Because of tbis approach, dextrose (D5) is not 
added to the maintenance or replacement fluids (unless the 
blood glucose level drops below 100 mg/dL). For recipients 
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of a combined kidney and pancreas where the creatinine 
plateaus early ar in situations of a concerning cardiac history, 
replacement is adjusted to 1/2 cc/cc output. After the first 24 
hours, most patients are converted to a straight rate of IV fluid 
ranging from 75 to 150 cc/h depending on the recipient's size 
and volume status. Pancreas after kidney and PTA recipients 
usually do not have large fluid requirements and in general 
are more stable with respect to volume status in the uncom
plicated postoperative course. 

Some centers maintain a continuous rate of a D5 solution 
(30 to 50 cc/h) to supply a low dose of carbohydrate. We pre
fer to avoid dextrose in the immediate postoperative period. 
Dextrose may confound the understanding of pancreatic en
docrine function in the early hours following the transplant. 
An insulin drip started intraoperatively can usually be weaned 
within the first 6 to12 hours when a continuous infusion of 
dextrose is not administered. A dextrose infusion may un
necessarily prolong the use of an insulin drip. When in use, 
an insulin drip should be infused at a rate to keep the blood 
sugar less than 150 mg/dL.7 Aggressive use of insulin (blood 
sugars <100 mg/dL) early on in the postoperative period is 
not recommended due to the risk of over- administration. In
advertent hypoglycemia can be catastrophic to the allograft(s) 
and patient should an insulin reaction (and the associated se
quela) occur during this period. 

Electrolyte Management 

Salt and mineral balance is not usually difficult postopera
tively, especially with early graft function. However, when 
delayed graft function occurs following SPK transplantation 
potassium, calcium, and phosphorus balance may become 
problematic. Early dialysis may be necessary for hyper
kalemia.8 Great care must be taken to properly dialyze potas
sium without removing too much fluid as to render the pa
tient hypotensive (which might increase the risk of early 
arterial thrombosis). For patients who are hypokalemic, potas
sium is administered on a supplemental basis. With 1=0 in
fusion of fluids, inadvertent hyperkalemia could develop if 
potassium is added to the maintenance or replacement fluid 
(especially for recipients with urine output> 1 L/h). Sodium 
and chloride are usually stable in this patient population and 
rarely is intervention required to maintain a steady state. 

The role of bicarbonate replacement was previously dis
cussed. However, additional supplementation beyond the 
maintenance fluid may be required for previously dialysis
dependent patients who are chronically acidotic. Ionized cal
cium levels should be followed to maintain an appropriate 
calcium state. Further, magnesium levels should be main
tained above 2 mg/dL according to current cardiac recom
mendations.9 Early stabilization of potassium, calcium, and 
magnesium will minimize cardiac irritability and help reduce 
risks far a cardiac event. Although many SPK recipients may 
have had problems with hyperphosphatemia while on dialy
sis, hypophosphatemia usually ensues with good renal graft 

183 

function. Abnormal phosphorus levels are usually self-limited 
and correct spontaneously once the recipient begins an oral 
diet. However, the need for a phosphate binder or phosphate 
supplementation may be necessary for extreme abnormalities, 
delayed graft function, or high-output ATN. Aggressive man
agement of phosphorus is usually not required because ad
verse consequences of abnormal phosphorus levels are ex
tremely rare. 

Blood Products and Anticoagulation 

ludicious use of blood products is a necessary component to 
the postoperative management of the pancreas transplant 
recipient and must be considered to avoid or correct hy
potension and tachycardia. Given the cardiac fragility of this 
patient population, oxygen-carrying capacity must be max
imized. Most pancreas recipients are anemic prior to surgery, 
thus every effort should be made to maintain an adequate he
moglobin (Hgb )/hematocrit. Our preference is to maintain a 
Hgb > 10 mg/dL. Because postoperative hemorrhage is a 
known complication of pancreas transplantation (see chap
ter 9.2.2), adequate red blood cell (RBC) volume is impera
tive should such an event occur and the patient require re
exploration. 10 

Controversy remains regarding the necessity for early post
operative anticoagulation, in particular in uremic SPK recipi
ents.2•3•10 Most centers advocate low-dose IV (partial throm
boplastin time [PTT] no greater than 1.5 X normal) or 
subcutaneous (SQ) heparin for nonuremic PTA and PAK re
cipients. Low-dose aspirin is then overlapped far 2 days prior 
to cessation of heparin and continued long-term upon hospital 
discharge. If an IV heparin drip is used postoperatively, a de
lay of approximately 4 hours after surgery may be necessary 
to deterrnine hemodynamic stability. Frequent monitoring of 
coagulation parameters (PTT, international normalized ratio 
[INR], prothrombin time [PT], and Hgb) is required to avoid 
overanticoagulation. Such an error will most likely result in 
hemorrhage and the need for re-exploration. Postoperative 
hemorrhage can usually be controlled with infusion of blood 
products; however, one may have to accept re-exploration as a 
probability. The converse is avoidance of anticoagulation lead
ing to early graft thrombosis, which usually results in graft pan
createctomy. Thus, it is better to re-explore the recipient for 
bleeding (which has litde impact on graft function) than for 
thrombosis (which causes graft loss). Early use of low-molec
ular-weight heparin is not recommended given the unpre
dictable nature of this agent in the postoperative period. 

After segmental pancreas transplantation, from either a liv
ing-related or cadaveric donor, initial systemic heparinization 
followed by coumadin therapy (for up to 6 months) is rec
ommended. This approach is mandated by the narrower cal
iber of the vascular anastomoses and the associated higher 
risk of thrombosis. 11,12 

For pancreas recipients with an underlying coagulopathy 
or liver dysfunction, fresh frozen plasma may be needed. 



184 

Rarely, desmopressin acetate (DDAVP) is required to correct 
platelet dysfunction resulting from uremia. However, for pa
tients with delayed renal function in which rejection is ques
tioned SQ administration of DDA VP may be necessary to cor
reet prolonged bleeding time prior to obtaining a biopsy. In 
extreme cases, cryoprecipitate may be needed for consump
tive coagulopathies resulting from hemorrhage or dissemi
nated intravascular coagulation (secondary to massive cy
tokine release after revascularization). Hemorrhage secondary 
to severe graft pancreatitis occurs in less than 3% of all pan
creas recipients.3,10 

Blood Pressure Monitoring 

Obviously, blood pressure control is closely related to fluid 
and electrolyte management. Both hypo- and hypertension 
must be avoided. Hypotension (systolic blood pressure 
[SPB] < 100 mm Hg) increases the risk of arterial graft 
thrombosis, especially in the immediate postoperative pe
riod. lO Following surgery, graft vessels may be in spasm as 
a result of manipulation or reperfusion injury. Thus, hy
potension in this state may result in arterial (or, less fre
quently, in venous) thrombosis, especially because the pan
creas naturally maintains a relatively low flow state compared 
to other organs. Further, a low-flow state may enhance throm
bus formation (either arterial or venous) at the site of a fresh 
anastomosis and thus increase the risk of graft loss. Severe 
hypotension may also compromise cardiac perfusion and re
sult in a cerebral or cardiac event. 

Prolonged hypertension, if severe enough, can also induce 
a cerebral vascular event or increase cardiac demand, result
ing in ischemialinfarction. In addition, severe hypertension 
may dislodge an unstable thrombus within the operative field, 
resulting in intra-abdominal hemorrhage. Maintaining a sys
tolic pressure between 120 and 160 mm Hg for the first 24 
hours safely maintains graft perfusion while minimizing the 
risk of a serious adverse event. The use of renal-dose 
dopamine remains controversial. 13 Decisive data regarding 
dopamine receptor agonists is still unavailable. However, if 
SBP remains low despite adequate fluid resuscitation, 
doparnine at 3 to 5 mcg/kg/min is recommended as a first
choice agent. 

Prior to the transplant, most candidates are on a plethora 
of antihypertensive agents, usually including a calcium chan
nel blocker, an angiotensin-converting enzyme (ACE)
inhibitor, and a beta blocker. For those whose blood pressure 
is extremely difficult to control, an a-l-antagonist may also 
be part of the regimen. Early initiation of beta blockers and 
a-l-antagonists may be necessary to avoid rebound hyper
tension and/or tachycardia. If necessary, IV labetalol or meto
prolol on scheduled dosing is safe until oral beta blockers are 
tolerated. Similarly, sublingual or transcutaneous clonidine 
can be used to avoid a-l-antagonist withdrawl. In extreme 
cases, IV nitroglycerin or nitroprusside may be necessary for 
refractory hypertension. However, such measures are rarely 
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required in pancreas recipients with good renal function. Cal
cium channel blockers can also be started early.14--16 How
ever, the choice of agent and dose must be carefully selected 
and monitored due to potential side effects. For example, ve
rapamil interacts with ca1cineurin inhibitors and may increase 
serum levels, while amlodipine may increase fluid retention 
and result in edema. Angiontensin-converting enzyme in
hibitors are usually withheld in the early postoperative period 
due to their actions on renal arteriolar vessels and the sub se
quent elevation of creatinine levels. However, ACE inhibitors 
may have a role in blood pressure management once stable 
graft function is obtainedP In general, all the above agents 
are usually tolerated weIl. Before aggressive initiation of an
tihypertensives, orthostasis due to fluid volume shifts and/or 
autonomie neuropathy should be excluded. Commonly, pan
creas recipients with secondary complications of insulin
dependent diabetes mellitus have pronounced autonomie neu
ropathy, which can produce labile blood pressures especially 
upon standing. Orthostatic blood pressure may indicate de
hydration in bladder-drained pancreas recipients. However, if 
volume status is adequate and orthostatic hypotension remains 
problematic fludrocortisone or mineral corticoids may be war
ranted. Again, we cannot emphasize enough the diligence that 
is required for blood pressure monitoring to avoid the conse
quences of extreme high and low states. Constant communi
cation is mandated between the nursing staff and various serv
ices involved with respect to this aspect of the patient's care. 

Early Immunosuppression 

The most critical period to obtain adequate immunosuppres
sive levels occurs within the first 24 to 48 hours. Immuno
suppressive protocols are covered in more detail in chapter 
10, so only abrief overview is presented here. Most centers 
give the first doses of immunosuppression within the few 
hours just prior to the transplant, and then continue intraop
eratively. Quadrupie immunosuppression is typically utilized 
for induction therapy, consisting of an anti-T-cell agent (first 
administered intraoperatively), a calcineurin inhibitor, an an
timetabolite, and steroids. Tacrolimus has become the cal
cineurin inhibitor of choice. Mycophenolate mofetil (MMF) 
has virtually replaced azathioprine as the antimetabolite agent 
of choice. Controversy arises in the choice of antibody prepa
ration. 18-23 While most centers use antilymphocyte prepara
tions (antithymocyte globulin [ATG], OKT3, or thymoglob
ulin), others have adopted the use of synthetically structured, 
chimeric-antibody preparations designed to block interleukin-
2 (IL-2) receptors (daclizumab, basiliximab); still others use 
a combination of antilymphocyte therapy and IL-2R block
ers. The argument supporting the use of the newer synthetic 
agents is that they contain human Fe fragments that do not 
elicit the nonspecific cytokine release seen with the mono
and polyclonal preparations derived from nonhuman species. 
In addition, leukopenia and thrombocytopenia are common 
side effects of the polyclonal preparations (ATG and thy-
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moglobulin). The main argument supporting antilymphocyte 
preparations is that lower rejection rates have been established 
with their use. To date, adequate experience in pancreas trans
plantation with anti-IL-2R has not been obtained. 

Most centers agree that early levels of tacrolimus should be 
between 10 and 15 ng/mL with antibody induction therapy is 
given and above 15 ng/mL without accomplished by either IV 
or sublingual administration. Mycophenolate mofetil can be ad
ministered either IV or orally and titrated to 1.5 to 3 g/d (in 
two divided doses) depending on gastrointestinal tolerance. 
However, MMF should be used cautiously if induction with 
antilymphocyte antibody is concomitantly used secondary to 
the risks of profound leukopenia. Calcineurin inhibitors should 
be reduced dramatically or held when ATN or delayed graft 
function (DGF) have occurred. These agents can be resumed 
at full dose when adequate renal function is established (usu
ally by a daily 20% drop in serum creatinine levels from base
line or when the creatinine drops to less than 3.0 mg/eIL). High 
doses of steroids are adrninistered intravenously during the fIrst 
few days perioperatively and are usually tapered to 20 to 30 
mg/d by the end of the fIrst 7 to 10 days. By 6 months, most 
recipients should have their prednisone tapered to 5 mg or less. 

Evaluation of Graft Function 

Early graft function (pancreas or kidney) can be monitored 
by various means. Most centers adopt a protocol that com
bines laboratory as well as imaging studies to obtain a level 
of certainty with regard to adequate organ function. For some 
centers, declines in serum blood urea nitrogen, creatinine, 
amylase, and lipase levels along with normal blood sugar lev
els are all that is required to assess good graft function in SPK 
recipients.24-28 Some centers routinely obtain sonograms or 
nuclear scintography on all recipients, while others may use 
these modalities selectively.29-34 Whenever graft function is 
uncertain, thorough examination is warranted. Ultrasonogra
phy is usually the first mode of imaging utilized to evaluate 
organ dysfunction, as indicated by an unexpected laboratory 
value or physical finding. A wealth of information can be ob
tained from such a cost-effective study. Ultrasonography can 
deterrnine vascular abnormalities, ductal or ureteral obstruc
tion, and the presence of periorgan fluid collections (either 
lymph or hematoma). The addition of a renal nuclear study 
complements the fIndings of ultrasonography by further de
lineating renal perfusion and clearance and deterrnining a uri
nary leak. However, nuclear scintography is not as useful for 
evaluation of the pancreas. 

As portal-enteric drainage of the pancreas becomes more 
popular, imaging of the pancreas likewise has become more 
difficult, given the medial and deep position of the allograft. 
Unfortunately, bowel gas within loops of the small intestine 
and transverse colon obscure an adequate view by ultrasound 
(US) of the majority of the gland. In cases where the pan
creatic tail is affIxed to the abdominal wall, US imaging of 
the distal pancreatic segment may be enhanced. However, the 
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ability to locate the tail is limited by the experience of the 
technician and radiologist performing the study. Computer
ized axial tomography scan imaging of a portally drained 
pancreas can be helpful in determining peripancreatic fluid 
collections, pancreatic necrosis, and possibly duodenal ob
struction or leak.30,31,33,34 The role of magnetic resonance im
aging/angiography as well as positron emission tomography 
scanning remains to be deterrnined.31 ,34-37 

Long-term functional monitoring begins during the recipi
ent' s initial hospitalization. As organ function steadily im
proves, the need for daily blood laboratory monitoring di
minishes. Laboratory tests are subsequently reduced to three 
times per week, then two, then one, depending on individual 
needs. In uncomplicated, stable recipients, this process is usu
ally an uneventful transition. Creatinine clearance and urine 
protein, C-peptide levels, and HbAlc can be periodically ob
tained to assess long-term graft function. For some pancreas 
transplant recipients, blood sugar levels never fully normal
ize despite what are believed to be adequate insulin and C
peptide levels. In such cases, glucose stimulatory tests (IV 
glucose tolerance test [GTT] and/or oral tolerance tests) are 
useful to help delineate pancreatic endocrine function. A few 
hypotheses attempt to explain the cause of persistent hyper
glycemia or glucose intolerance following pancreas trans
plantation. First, the diabetogenic effects of steroids and cal
cineurin inhibitors (especially tacrolimus) are thought to play 
a signifIcant role.38 In many cases, blood sugar levels nor
malize as doses of these agents are reduced over time. Sec
ond, some recipients have developed an insulin resistance and 
are confronted with a situation no different from type 2 (adult
onset) diabetes mellitus. Third, for portal-enteric drained pan
creas recipients the hepatic "fIrst pass" of insulin may offset 
the hyperinsulinemic effects of systemically venous-drained 
pancreases. In other words, systemic venous drainage possi
bly counteracts the diabetogenic effects of immunosuppres
sion or overrides the receptor defect occurring with insulin 
resistance. Thus, recipients with portally drained pancreases 
may have a tendency to ward slightly higher glucose levels. 
The long-term sequelae of this phenomenon remain to be de
termined. Only a few cases of recurrent insulitis resulting in 
pancreatic graft failure have been described. Primary non
function of a pancreas graft is virtually nonexistent due to op
timal donor quality. 

For pancreas recipients with bladder-drained exocrine se
cretions, urinary amylase levels can be monitored.24-27 Stud
ies have demonstrated that urinary amylase levels expressed 
in units per hour are more consistent compared with meas
urements in units per liter and lead to more accurate assess
ment of pancreas graft function. An analysis of a 12- or 24-
hour urine collection in which urinary amylase levels have 
declined 50% or more from baseline is suggestive of rejec
tion or pancreatitis. When confronted with this situation, fur
ther evaluation and probable biopsy are warranted either per
cutaneously via US or computed tomography (CT) guidance 
or transcystoscopically, assisted by US guidance.39--41 The de-
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velopment of hematuria in bladder-drained pancreas recipi
ents also warrants further evaluation and may necessitate the 
initiation of continuous bladder irrigation through a three-way 
Foley catheter to prevent obstructive thrombus formation. 
Cystoscopy is usually necessary to determine the etiology 
andlor remove the c10t. Urethritis or cystitis due to enzymatic 
irritation, the most common cause of hematuria, may resolve 
with increased bicarbonate supplementation.42 Enteric con
version may be required for refractory irritation; however, 
such an extreme intervention is rarely required in the early 
postoperative period.43 Bleeding from the duodenal-bladder 
anastomosis may arise, especially when a stapled anastomo
sis is performed. This complication can be avoided by over
sewing the staple line at the time of the anastomosis. If a prob
lem does develop, staples can be removed cystoscopically, 
although enteric conversion may ultimately be required to al
leviate the bleeding. 

Serum amylase and lipase levels provide additional means 
for following pancreas function, especially for enterically 
drained grafts.44,45 However, these markers lack the sensitiv
ity and specificity of urinary amylase. Serum human anodal 
trypsinogen (HAT) has been shown to complement serum 
amylase and lipase levels in the determination of graft dys
function.46,47 But, few laboratories are equipped to monitor 
this factor. 

In the immediate postoperative period, serum amylase and 
lipase levels may be significantly elevated despite good glu
cose control and endocrine function. These early elevations 
usually result from reperfusion injury and resolve sponta
neously. Some centers use somatostatin analogs to minimize 
the pancreatic inflarnmatory response.48-52 However, reports 
are only anecdotal and an absolute benefit remains to be 
shown. A few authors describe a beneficial effect when oc
treotide is administered at 100 mcg SQ every 8 hours. Use of 
this agent is in general reserved for the intraoperative find
ings of restrictive pancreatic edema, subcapsular hematoma, 
or profound duodenal edema. 

Early rejection during the initial hospitalizationappears to 
be decreasing in frequency as immunosuppressive regimens 
evolve. 18-23 The sentinel sign of rejection in SPK recipients 
still remains a rise in serum creatinine. Following elimination 
of other possibilities for an abnormal creatinine level (dehy
dration, calcineurin toxicity, ureteral obstruction, bladder dys
function, or vascular compromise), a percutaneous renal 
biopsy with US guidance is warranted. In some SPK recipi
ents, serum amylase or lipase levels may rise while creatinine 
levels remain stable. In such situations, a transplant renal 
biopsy is still warranted, especially if an enteric-portal-drained 
pancreas is present. 53 Only in rare cases is a pancreas biopsy 
necessary to determine rejection if both the kidney and pan
creas are from the same donor. It has been shown, however, 
that in an SPK recipient, one organ may have independent re
jection while the other organ remains rejection free.54--57 For 
PT A and PAK recipients, the ability to follow rejection is 
somewhat more difficult. Thus, most centers are reluctant 
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to perform portal-enteric drainage for those procedures. Blad
der-drained PTA and PAK recipients are ensured that all pos
sible modalities to monitor pancreatic rejection are intact. Fur
ther, if serum or urinary amylase levels are suggestive of 
rejection the option of a . transcystoscopic, transduodenal 
biopsy is still available should the pancreas.not be approach
able via US- or CT-guided percutaneous biopsy. 

Antimicrobial Prophylaxis 

Given their underlying disease state, diabetic patients pre
transplant are inherently immunocompromised. Thus, pro
phylactic coverage against micro-organisms is paramount 
during the perioperative period. The literature c1early demon
strates that early infection results in the highest incidence of 
graft loss and in serious patient morbidity and mortality.58-61 
Broad-spectrum agents covering gramenegative, gram-posi
tive and anaerobic bacteria are recommended. Various single 
agents or combinations are available and should be given over 
the first 24 to 48 hours posttransplant. Recipients with posi
tive urine cultures (from preoperative specimens) or positive 
intraoperative duodenal stump cultures should have antibiotic 
coverage for 3 to 7 days. Retrospective studies have demon
strated that pancreas recipients are at high risk for losing a 
second pancreatic allograft to the same infectious agent when 
their first graft was lost to infection. Even when a significant 
period has passed (months to years) between transplant pro
cedures, infectious organisms can harbor in a dormant state 
and become active again following repeat surgical stress and 
the reintroduction of high-dose immunosuppression. Thus, a 
detailed microbial history of an individual transplant candi
date is imperative so that appropriate antibiotic coverage can 
be initiated intraoperatively. 

Due to the duodenal anastomosis in pancreas transplanta
tion and the potential contarninatio,n of the operative field with 
small-bowel contents, many centers also recommend anti
fungal prophylaxis with fluconaiole. Calcineurin inhibitor 
serum levels must be c10sely monitored when azoles are ad
ministered due to decreased metabolismof the immunosup
pressant and resultant higher systemic concentrations. As 
demonstrated in several articles (referenced above), fungal in
fections result in the highest rates of graj't loss and patient 
mortality. 

Cytomegalovirus (CMV) prophylaxis is recommended for 
any positive combination of a donor-recipient pair.62,63 Con
troversy remains as to whether negative-to-negative combi
nations require prophylaxis. However, when antilymphocyte 
therapy is utilized CMV prophylaxis is almost always ad
ministered. As in KT A, early CMV infection in pancreas 
transplant recipients is hypothesized to result in increased 
MHC c1ass 1 expression and increased risk of rejection. Gan
cyc10vir and, more recently, valgancyc10vir are at present the 
antiviral agents of choice in pancreas transplantation and can 
first be initiated intravenously or per nasogastric tube in the 
immediate postoperative period, and then orally when the pa-
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tient tolerates a diet. Since the introduction of gancyelovir, 
combined with changes in approach to immunosuppression, 
overwhelming CMV infections resulting in ventilatory-de
pendent pneumonitis are virtually unheard of in the current 
practice of solid-organ transplantation. Patients intolerant to 
gancyelovir may tolerate valacyelovir, which provides ade
quate prophylaxis against CMV infection in renal only trans
plantation.64 The val-preparation has increased absorptive 
properties compared to the parent compound. The efficacy of 
valgancyelovir in pancreas transplantation is at present under 
investigation. Dose adjustments must be made according 
to renal function for all of these antiviral preparations. Most 
centers begin sulfamethoxazole/trimethoprim immediately 
postoperatively and continue long-term prophylaxis against 
Pneumocystis cannii and noncardial infections. 

Stable Graft Function: Days 3 to 7 

Patient hemodynamics usually stabilize by the elose of the 
first 48 hours while graft function steadily improves. Fol
lowing this phase ofrecovery, the recipient can be transferred 
to the transplant ward for less intense nursing care and mon
itoring. The use of incentive spirometry and pneumatic com
pression garments should be continued until the patient is fully 
ambulatory. The nasogastric tube placed intraoperatively can 
usually be removed when signs of bowel function have re
turned. However, in recipients with known histories of gas
troparesis, or when there is concern regarding the adequacy 
of bowel function, early initiation of a motility agent such as 
metoelopramide is advised. Given the high incidence of au
tonomic neuropathy in this patient population, many recipi
ents alternate between constipation and diarrhea during the 
early postoperative period. Thus, weeks may pass before 
bowel regularity occurs. With. enteric drainage, upper gas
trointestinal bleeding may occur as bowel function returns. 
Such hemorrhage usually results from the duodenal-jejunal 
anastomosis and should be self-limited. However, transfusion 
may be required; only rarely is surgical intervention required. 
Hemorrhage from the duodenojejunostomy can be avoided by 
diligent preparation of the enterotomies with completion of 
the anastomosis in a hemostatic, two-Iayer, hand-sewn fash
ion. 

Timing of Foley catheter removal varies according to sur
geon preference, usually within 1 to 3 weeks posttransplant. 
Again, communication between the surgeon and the rest of 
the transplant team is essential in this respect. As expected, 
recipients with thin bladder walls or tenuous anastomosis will 
probably benefit from longer decompression of the bladder. 
Similarly, recipients with known neurogenic bladders may 
need to wait until they are capable of self-catheterization prior 
to Foley removal. Patients with extremely small bladders may 
require a short period of "bladder training" prior to catheter 
removal. This process involves aserial increase in time in
crements during which the catheter is elamped. Typical pro-
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tocols call for elamping for half-hour periods, steadily in
creasing to no more than 4 hours. The elamp is released as 
soon as the patient experiences asensation of fullness or 
suprapubic pain. The training process may take 3 to 5 days 
and possibly more. For bladder-drained pancreas recipients, 
some centers routinely obtain a low-pressure cystogram prior 
to catheter removal to deterrnine the presence of abladder 
leak.65 If the aforementioned study is indeterrninate, an air
contrast CT cystogram may be warranted to fully evaluate any 
concerns prior to catheter removal. 66 

The patient should be encouraged to be out of bed and am
bulate no later than postoperative day three. For larger pa
tients, an abdominal binder is recommended to aid in reliev
ing abdominal wall strain and pressure. 

Poor wound healing secondary to long-standing diabetes 
and immunosuppression is always a concern in this patient 
population. Daily observation of the abdominal incision for 
signs of infection or dehiscence is mandatory. Fascia is usu
ally elosed with a #1 nonabsorbable monofilament suture with 
the skin approximated with staples. W ound drainage usually 
requires removal of a few staples so that proper inspection 
and packing can be performed. For a noninfected wound, skin 
staples remain for 2 to 3 weeks prior to removal. 

In most cases, oral intake can begin by postoperative day 
4 or 5 and advance as tolerated. Conversion of all medica
tions should begin once oral intake is elearly established. Over 
the course of the ensuing days, the recipient is encouraged to 
become more independent. Bladder-drained pancreas recipi
ents may have difficulty with fluid consumption and acidosis 
due to loss of pancreatic secretions in the urine. Thus, some 
require placement of a tunneled central venous catheter prior 
to hospital discharge so that IV access is available for outpa
tient fluid and electrolyte replacement. Intensive instruction 
commences as early as possible regarding medications and 
follow-up care. The educational process should inelude a fam
ily member or friend who will be involved in the recipient' s 
horne care. 

Most centers now boast that pancreas transplant recipients 
are discharged by the end of the first week-a vast change 
from a decade ago, when hospitalizations of a month or more 
were common. At the time of hospital discharge, a legible, 
accurate list of discharge medications (ineluding dose, route, 
and frequency) and instructions should be sent horne with the 
patient (Table 9.1.4). The patient should initially obtain lab
oratory studies three times a week. This schedule is then ta
pered to once a month by the end of 6 to 9 months as com
fort with graft stability ensues. For patients having some 
difficulty dealing with the complexities of the transplant 
process, horne health nursing and social work intervention 
should be arranged to assist the patient and their families dur
ing this transition period. Such assistance is usually required 
for 2 to 4 weeks after hospital discharge. If the patient lives 
a significant distance from the transplant center, temporary 
local lodging is recommended for about 2 weeks before re
turning horne. Doing so eliminates repeat long-distance travel 
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TABLE 9.1.4. Template for routine discharge instructions. 

1. Discharge to horne 
2. Return to cJinic in 1-2 wk for follow-up care and staple rernoval 
3. Labs: Q M-W-F CBC, BMP, serum amylase and lipase, prograf level, 

urinary amylase (bladder drained only) 
Q 3-6 rno HgBAlc 

3. No heavy lifting for 4-6 wk; wear binder when active 
4. Keep wound clean and dry, notify MD for signs of infection 
5. Urinate no greater than every 4 h while awake 
6. Diet as tolerated 
7. Daily blood pressure check (only for hypertensive history) 
8. Medications 

Immunosuppression (MMF, FK, and prednisone taper) 
Nystatin s/s 
H2-blocker 
CMV prophylactic agent 
Sulfaltrirn 
BP rnedications 
Stool softener 
Others: Per history 

9. Notify your primary physician of hospital discharge; schedule routine 
visit. 

Notify transplant center if prirnary physician has not received hospital 
summary prior to visit. 

M-W-F, Mon-Wed-Fri; s/s, swish/swallow. 

and minimizes phone calls to the transplant center during this 
difficult period. Of utmost importance, communication with 
the referring and primary care physicians is imperative to 
maintain continuity of care. 

Conclusions 

Pancreas transplantation is a life-altering procedure that given 
its long-term goals is actually lifesaving. To achieve success 
in stabilizing the often deadly secondary complications of di
abetes, prolonged function of a pancreatic allograft depends 
on a smooth, uncomplicated postoperative course. As ad
dressed in this chapter, the complexity of the diabetic patient 
undergoing a pancreas transplant-whether SPK, PAK, or 
PT A-demands close attention to detail ... a certain hyper
vigilance that is almost unprecedented. Many pitfalls can con
front the transplant team and recipient in the early postoper
ative period. However, by carefully monitoring every aspect 
of the recovery phase most of the dangers can be avoided. 
The recipient can then successfully move on to the next phase 
of the transplant process: the long-term maintenance of allo
graft function. 
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9.2 
Complicated Course 

9.2.1 
Imaging Studies and Interventional Radiology 

Rajat Bhargava and David W. Hunter 

Imaging advances have paralleled the improvements in or
gan procurement, operative technique, immunosuppression, 
and antimicrobial prophylaxis to contribute to a dramatic in
crease in pancreas allograft survival. The clinical signs and 
symptoms of complications after a pancreas transplant are of
ten nonspecific, so imaging plays an important role in pro
viding an early diagnosis. With imaging guidance, safe and 
accurate biopsies can be readily accomplished; many com
plications can be successfully managed with a percutaneous 
approach. 

Imaging Techniques and 
Normal Graft Appearance 

Ultrasonography (US), computed tomography (CT), magnetic 
resonance imaging (MRI), angiography, and nuclear scintig
raphy are the most important modalities currently used to 
study pancreas allografts. A transplanted pancreas is a diffi
cult organ to image, frequently requiring more than one 
modality for a diagnosis. The pelvic location of the pancreas 
allograft when drained through the urinary bladder facilitates 
imaging, US in particular. Imaging can be considerably more 
difficult when grafts are placed higher in the pelvis or in the 
low abdomen, as is usual with enteric drainage. 

us 
Ultrasonography of pancreas allografts is optimally done with 
a 2.0- to 3.5-MHz transducer; the urinary bladder should be 
moderately distended. The normal sonographic texture of pan
creas allografts consists of homogeneous medium-level 
echoes, similar to a healthy native pancreas (Fig 9.2.1.1). Even 
if the graft is normal, the margins may be difficult to define 

because of the proximity of adjacent bowelloops and the lack 
of a discrete capsule. The pancreatic duct should not be greater 
than 2 to 3 mm in diameter. The identification of the graft 
may be improved by using color Doppler to identify the low
resistance arteries and veins within as well as outside the graft. 
The homogeneous perfusion of a healthy graft makes it easy 
to differentiate from surrounding structures, in particular 
when utilizing power Doppler. 

CT 
Computed tomography is performed after oral contrast to dif
ferentiate the graft parenchyma from nearby bowelloops. In
travenous (IV) contrast helps assess graft perfusion and can 
be critical in differentiating the graft from other soft tissues 
that may surround it. However, pancreas transplant recipients 
often have associated poor kidney function or other risk fac
tors that limit the ability to use IV contrast. Another CT study 
that is frequently useful in recipients with bladder drainage is 
a CT-controlled cystogram; it is performed by injecting di
luted contrast and air via a Foley catheter to delineate the duo
denal stump and check for a leak. 

The graft parenchyma enhances uniformly, similar to a 
healthy native pancreas (Fig 9.2.1.2). The graft is usually seen 
in the right iliac fossa, extending in a cephalad direction and 
parallel to the ascending colon. It should be weIl defined, with 
no edema or fluid in the surrounding soft tissues. Graft di
ameter may vary depending on the surgical technique. It is 
thicker if compressed in the pelvis. 

Sequential studies will on occasion reveal changes in graft 
size and orientation. 1 

The modem fast scanners allow thin (2 to 3 mm) collima
tion with overlapping reconstruction. Thus, arterial anatomy
especially the anastomosis and the branches leading up to the 
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graft-can be weIl demonstrated by CT angiography (CTA). 
Computed tomography angiography has a better spatial reso
lution than MR angiography (MRA) and so accurately diag
nos es vascular problems such as critical stenosis, arteriove
nous fistula (A VF), and vascular occlusion. Even though it is 
anatomicaIly accurate, CT A is infrequently used for several 
reasons. 

First, the contrast dose for CTA is high, commonly 125 to 
150 cc. Because most pancreas transplant recipients also un
dergo a kidney transplant, the contrast dose becomes crucial. 
Second, CT A scan times for a single detector scanner can be 
so long that timing the scan to obtain optimal arterial phase 
images is difficult, even with automated contrast detection ca
pabilities to initiate the scan. But, MRA scan times are short 
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FrGURE 9.2.1.1. (A) The homogeneous mod
erate echogenicity of the pancreas graft (thin 
arrows), seen here in a transverse section, 
c1early differentiates it from surrounding, 
slightly more hyperechoic, and possibly 
slightly inflamed fat (arrowheads). Fluid
fi1led loops of bowel can on occasion be dif
ficult to differentiate from PPF collections. 
The vessels (fat arrow) have echogenic walls 
and can be easily differentiated from fluid 
collections with color Doppler. (B) In the 
longitudinal view, the pancreas graft (thin ar
rows) is superficial to the splenic vein (fat 
arrow). A short segment of the duct (arrow
heads) is seen, with a somewhat atypically 
hyperechoic posterior wall (arrowheads). 

enough that several acquisitions can be taken in a short time 
to document both arterial and venous phases of the examina
tion. Third, MRl has better soft tissue contrast, aIlowing for 
a ready distinction between the graft and perigraft tissues; 
with the use of contrast, MRI is as accurate as CTA in as
sessing pancreas graft viability. 

MRI 

Multiplane imaging is easily performed with MRI. A variety 
of sequences aIlow evaluation of both anatomic and physio
logical parameters. A pancreas graft can often be seen in its 
entirety in coronal plane images. However, axial plane im
aging helps to correlate results with those of CT. On T 1-



9. Postoperative Management, 9.2.1. Imaging Studies and Interventional Radiology 193 

FIGURE 9.2.1.2. On contrast-enhanced CT, 
the pancreas graft (thin arrows) enhances 
uniformly; the vessels (arrowhead) have 
slightly greater density. Portions of the pan
creas that do not uniformly enhance may rep
resent areas that are acutely inflamed or 
necrotic (as is frequent with pancreatitis). 
Slight deformity of the adjacent psoas mus
cIe and a small fluid collection, as seen on 
the anterior surface of the psoas, are a fre
quent and essentially normal finding when 
there are no associated symptoms or radio
logical signs of pathology. 

weighted images (Fig 9.2.1.3A), a healthy graft is iso-intense 
to renal cortex. On T2-weighted images (Fig 9.2.1.3B) the 
graft has intermediate signal intensity; in between muscle and 
fluid whereas any area of edema has high signal intensity and 
so can easily be differentiated from healthy portions of the 
graft. 

Magnetic resonance angiography is currently performed us
ing 3D-spoiled gradient echo sequences, with gadolinium en
hancement.2 Four- to five-volume sets, tailored to coincide 
with the arterial and venous phases of the exarnination, are 
obtained in a coronal plane. They are postprocessed at a work
station to generate volume-rendered images, maximum in
tensity projection (MIP) images, and multiplane reconstruc
tion (MPR) images (Fig 9.2.1.4). Magnetic resonance 
angiography beautifully shows the vascular anastomosis and 
the vessels leading into and out of the graft. However, intra
pancreatic vesse1s are not weIl seen. 

Angiography 

Angiography is the gold standard for evaluating the graft ar
terial supply. The typical arterial supply consists of the vis
ceral vessels that come with the graft and a large, bifurcated 
artery from the donor, which is used to reconstruct the arte
rial supply leading to the graft. The most commonly used "bi
furcating vessel" is the donor common iliac artery (CIA); the 
hypogastric and external iliac artery (EIA) branches are used 
as an arterial Y-graft for reconstruction (see chapter 8.1.3). 
The donor hypogastric artery is anastomosed to the donor 
splenic artery and the EIA is anastomosed to the donor su
perior mesenteric artery (SMA). The final anastomosis is then 
made between the donor CIA and the recipient EIA. 

Venous drainage is provided by the donor splenic vein, 

which ends in a variable- length segment of the donor portal 
vein. The portal vein is then anastomosed to the recipient ex
ternal iliac vein (EIV). The distal end of the donor splenic 
vein is ligated at the tail of the graft. 

Angiography is initiated with nonselective injections in the 
EIA to confmn patency of the anastomosis and large vessels. 
To delineate the smaller intragraft vessels, selective injections 
are required. The venous phase of the exarnination is often de
layed: Digital imaging for 20 to 25 seconds is often necessary. 

Nuclear Scintigraphy 

Scintigraphic studies are performed such that both perfusion 
(dynarnic) and static images are obtained. Most commonly, 
we use a bolus injection of 20 mci of 99mtechnetium diethyl
enetriarnine penta-acetic acid (DTPA) and obtain serial 2-sec
ond images for 60 seconds, followed by 500,000-count static 
images. A temporal and qualitative comparison of radioac
tivity is made between the graft and the adjacent iliac artery 
or aorta. The peak intensity in anormal graft typically occurs 
within 3 to 6 seconds after the peak iliac artery activity.2-4 
The other radiopharmaceuticals that have been used are 75Se_ 
methionine, 99mTc sulfur colloid, 99mTc glucoheptonate, and 
Illindium-Iabeled particles. In addition, 99mTc sestarnibi has 
been shown to produce excellent-quality angiograms.5 

Fluoroscopy 

Fluoroscopic evaluation is infrequently used but can be a rea
sonably effective screening tool to identify a leak as a source 
of perigraft fluid. Contrast cystography is performed by opaci
fying the bladder with undiluted contrast, taking care to en
sure that contrast refluxes into the duodenal segment (Fig 
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FIGURE 9.2.1.3. (A) The T1-weighted image 
of the healthy pancreas graft (thin arrows) re
veals a signal intensity similar to that of the 
renal cortex. (B) The T2-weighted image 
helps to differentiate the pancreas graft (thin 
arrows) from adjacent tissues, especially fluid 
collections (which are extremely bright). 
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FIGURE 9.2.1.4. MRA allows dear definition of the entire 
pancreas graft (thin arrows) and determines that perfusion 
is present. An image such as this, taken when all of the ar
teries and larger veins are filled, permits accurate identifi
cation of the vessels entering and exiting the pancreas graft, 
induding the splenic artery (fat arrow), adjacent splenic 
vein, SMA (smalI arrowhead), and the continuation of the 
splenic vein as the portal vein (large arrowhead) toward the 
iliac vein. Vessels are seen to the level of the first bifurca
tion, but intrapancreatic vessels are not accurately identi
fied. 

9.2.1.5). The two chains of surgical sutures are important 
landmarks that indicate the limits of the duodenal segment. 

In pancreas transplant recipients who have undergone en
teric conversion, fIuoroscopic evaluation for a leak is more 
difficu1t; in fact, it is not possible if the drainage is into a 

FIGURE 9.2.1.5. The anastomosis between the bladder and 
duodenal segment (arrow) is usually fairly easy to identify. 
The end of the duodenal segment is on occasion visible be
cause of the metallic surgical staple line (arrowhead). 

Roux -en-Y loop. Such recipients can only be evaluated if the 
transplant surgeon placed a small catheter into the afferent je
junum or terminal ileum near the anastomosis to the duode
nal segment. If so, contrast can be carefully instilled into the 
jejunal or ileal loop to evaluate for an anastomotic leak. 
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Imaging Techniques and Complications 
of Pancreas Transplantation 

Vascular Complications 

Vascular complications are a significant cause of morbidity 
and a relatively common reason for pancreas graft removal. 
The overall incidence of vascular complications in aseries 
published by Taylor et al.6 was 15.9%. Graft thrombosis, in
c1uding both arterial and venous thrombosis, occurs in 5% to 
14% of pancreas transplant reeipients.1 A variety of other 
complications can also occur, inc1uding anastomotic bleed, 
arterial stenoses, perianastomotic pseudoaneurysms, and 
AVF.8,9 

Graft Vessel Thrombosis 

Arterial and venous thrombosis is second only to rejection as 
a cause of pancreas graft failure.lO,ll Venous thrombosis, 
which usually occurs in the first week posttransplant, is es
pecially worrisome because of the risk of hemorrhagic pan
creatitis, pancreatic necrosis, infection leading to sepsis, and 
thrombus propagation leading to deep vein thrombosis (DVT) 
and pulmonary embolism. In most cases, thrombosed grafts 
are not considered salvageable because parenchymal infarc
tion occurs soon after thrombosis. Therefore, an early and ac
curate diagnosis is necessary to facilitate prompt graft exci
sion and prevent further complications. The usual mechanism 
of early graft thrombosis in the first month posttransplant is 
either a technical error in fashioning one of the anastomoses 
or microvascular damage due to preservation injury. In most 
cases, late thrombosis results from autoimmune arteritis, in 
which gradual occ1usion of the small blood vessels culminates 
in complete proximal occ1usion of the vessels. 12,13 

A pancreas transplant recipient with c1inically suspected 
graft thrombosis should first be evaluated with color duplex 
sonography, preferably using a machine with power Doppler 
capabilities. Improved technieal capabilities now permit pre
eise visualization of the graft itself, as weIl as its arterial in
flow and venous drainage in most cases. On B-mode sonog
raphy, the presence of graft inhomogeneity and peripancreatie 
fluid is evidence of graft injury. However, these findings are 
not diagnostic of thrombosis, as they mayaIso be seen in re
jection and pancreatitis. The sensitivity of US in diagnosing 
vascular thrombosis is 100%; specificity is 24%.14 The 
Doppler examination should inc1ude an evaluation of an ar
tery and vein inside the graft parenchyma and also an artery 
and vein outside the graft, between the graft and the iliac ves
sels. The scan parameters must be optimized for small vessel 
slow flow detection; otherwise, the examiner may incorrecdy 
diagnose vascular thrombosis. 

A well-functioning graft should have low resistance (re
sistive index [RI] < 0.7) and arterial flow similar to a kidney 
graft artery.1 An elevated RI is a nonspeeifie finding seen in 
graft venous thrombosis, rejection, and other pathologie 
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processes. However, the RI values tend to be higher (> 1) in 
thrombosis than in rejection: With no venous collaterals, ob
struction to flow at the venous level represents an extreme 
degree of resistance to antegrade arterial flow. The absence 
of venous flow on the duplex exam is strongly suggestive of 
thrombosis. However, nonvisualization of the veins mayaIso 
be due to extremely slow flow or other technieal reasons rather 
than actual absence of flow. In a study by Foshager et al.,7 9 
of 11 patients with venous thrombosis had an RI > 1; only 2 
of 43 control patients had an RI > 1. All 11 patients had ab
sence of venous flow. Thus, this combination of findings 
(RI> 1 and absence of venous flow) is both sensitive and 
speeific in diagnosing venous thrombosis. 

On the duplex examination, the absence of arterial flow in 
all portions ofthe Y-graft (inc1uding the SMA and splenic ar
tery) is the only reliable evidence of arterial thrombosis. If a 
definite diagnosis cannot be made, other imaging modalities 
can be used. 

The multiphasic breath-hold gadolinium-enhanced 3D 
MRA is now emerging as an extremely useful tool in diag
nosing vascular thrombosis, especially when the graft is 
poorly visible on US or when there is any suspicion of vas
cular thrombosis on duplex examination.2,15 

Absence of flow on MRI can be seen with acute vascular 
thrombosis, but it is not specifie for that diagnosis. It can also 
be seen in cases without thrombosis but with extremely slug
gish or to-and-fro flow due to severe graft injury, in partieu
lar chronic rejection. The sensitivity of MRA in detecting ab
sence of flow is 100%; speeificity is 93%.15 

In the arterial phase of imaging the Y -graft, the SMA and 
splenic artery are assessed for patency. A low intravascular 
signal is suggestive of partial occ1usion and no signal of to
tal occ1usion. In the venous phase of the MRA, nonopaeifi
cation of vessels because of thrombosis is seen as serpentine 
signal voids within the graft parenchyma. The common sites 
of involvement are the SMV in the head of the pancreas, the 
splenie vein on the superior surface of the pancreatic body 
and tail, and the anastomotic site between the donor portal 
vein and recipient EIV. Other venous problems can also be 
identified on later images, such as slow flow because of a se
verely narrowed venous anastomosis.2 

Lack of enhancement of graft parenchyma suggests in
farction and necrosis and is an indieation for pancreatectomy. 
Systemic anticoagulation for graft salvage has been success
ful when graft enhancement was noted on the MRI in the pres
ence of venous thrombosis.2,16 

Nuc1ear scintigraphy has been used as a noninvasive 
screening test to assess graft perfusion, although false posi
tive results do occur. Anormal 99mTc DTPA or MAG3 flow 
study, in which the pancreas graft and iliac vessels are visu
alized on the same image, can rule out vascular thrombosis 
or occ1usion. In a study of 78 pancreas transplant reeipients 
by Snider et al.,14 the sensitivity was 93%; specificity was 
64%. Partial or incomplete graft thrombosis is associated with 
an increase in time to peak signal in the graft, as compared 
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with the aortoiliac vessels, a decrease in uptake, and poor graft 
visualization. However, graft rejection with impending throm
bosis also shows similar findings. 

A VF and Pseudoaneurysm 

Arteriovenous fistula and pseudoaneurysm are rare compli
cations after a pancreas transplant. Causes inc1ude mycotic 
aneurysm, anastomotic leak, and needle biopsy. The morbid
ity and mortality associated with an untreated A VF or 
pseudoaneurysm is high. Surgery to treat these lesions, which 
are usually embedded in the graft parenchyma, can be diffi
cult and result in graft loss. These lesions are often c1inically 
silent or cause only subtle laboratory alterations. Unless they 
result in bleeding, they may escape diagnosis for long peri
ods. Ultrasonography is an appropriate initial test when an 
A VF or pseudoaneurysm is suspected because it is highly sen
sitive in detecting both abnormalities. Computed tomography 

FIGURE 9.2.1.6. Reconstructed views from an MRA clearly show a 
large artery (thin arrow) entering the region of the A VF, with a large 
vein (fat arrow) draining into the iliac vein. The small and slightly 
tortuous splenic artery and vein are seen going in a cephalad direc
tion. The fistula, therefore, is between the SMA and vein. The com
mon venous trunk, the portal vein, can be seen crossing over the il
iac artery to reach the iliac vein. 

angiography and MRA (Fig 9.2.1.6) are also highly sensitive 
in detecting vascular complications. However, angiography 
remains the most accurate study. The arteriogram is used to 
confirm or rule out the diagnosis and is also important for 
planning therapy. 

In the management of A VF and pseudoaneurysm, percuta
neous endovascular techniques have emerged as the preferred 
approach. Embolization of a pseudoaneurysm can be difficult: 
The large size and the weak wall prec1ude embolization of 
the sac (Fig 9.2.1.7A). Ifthe vessel can be sacrificed, coil em
bolization of the artery both proximal and distal to the neck 
of the pseudoaneurysm is curative (Figs 9.2.1.7B and 
9.2.1.7C). Ifthe vessel cannot be sacrificed, the aneurysm can 
be exc1uded from the vessellumen by placing a covered stent 
across its neck. 

Percutaneous management of an A VF is usually possible 
using coils and balloons (Fig 9.2.1.8). Fortunately, most fis
tulae are between peripheral vessels; the fistula and the feed
ing artery are embolized simultaneously. If the fistula is more 
central, embolization is usually performed by advancing a 
catheter to the site of the fistula itself, and then gently push
ing the coils in the small space between the artery and vein. 
If the fistula channel is long enough, multiple coils can be 
placed in a nest, which more securely c10ses the fistula. 

Detachable balloons can also be used to occ1ude the fistula 
flow; they have the distinct advantages of being flow directed 
and repositionable. Mounted onto the end of a coaxial mi
crocatheter, these smalllatex balloons are inflated at the de
sired site, checked with an angiogram, and then detached from 
the catheter. Coil and balloon embolization techniques do 
have several major lirnitations that can severely limit the abil
ity to treat an AVF percutaneously. High flow through the 
fistula can prevent safe deployment of coils or balloons, re
sulting in an inadvertent pulmonary embolus. The length of 
the fistula, or of the vessel proximal to the fistula, may not 
be sufficient for device deployment. The portion of the graft 
supplied by the vessel may be relatively large or the collat
eral supply may be inadequate. The distal vein may throm
bose if flow suddenly or severely decreases and if a portion 
of a coil or balloon partially obstructs the lumen. 

Nonvascular Complications 

Fluid Collection 

Postoperative peripancreatic fluid collection (PFC) is a com
mon finding on imaging studies after a pancreas transplant. 
The development of PFC increases the likelihood of graft dys
function, graft loss, and recipient morbidity. In aseries from 
the University of Nebraska, of 124 pancreas transplant recip
ients 24% (30) developed 80 symptomatic fluid collections 
that required intervention. 17 

All pancreas grafts are placed in an intraperitoneal loca
tion. In addition, however, a lirnited amount of extraperitoneal 
dissection is required during graft placement to establish 
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FIGURE 9.2.1.7. (A) The pseudoaneurysm (arrow) is weak walled 
and irregular, making coil embolization of the sac problematic. In 
cases such as this, the neck is often wide, further complicating any 
possible attempt to embolize the pseudoaneurysm itself. Fluid sur
rounds the pseudoaneurysm, which is likely a mixture of blood and 
edema. (B) The angiogram began with an injection in the iliac ar
tery adjacent to the anastomosis. The pseudoaneurysm appears to 
arise from the upper of the two vessels, likely either the superior 
mesenteric artery or the anastomosis between the bifurcated vas
cular graft and SMA (thin arrow). The flow into the pseudoa-
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neurysm is so low resistance that there is almost no antegrade flow 
into the adjacent splenic artery (fat arrow). (C) A small coil has 
been successfully lodged into the tiny segment of vessel leading 
into the pseudoaneurysm (thin arrow). A faint amount of contrast 
is seen entering the pseudoaneurysm, which later stopped. The par
tially subtracted outline of two coils that did not lodge in the neck 
but "popped" into the pseudoaneurysm can be seen in its right lat
eral recesses. With the flow into the pseudoaneurysm stopped, there 
is much better filling of the branches of the splenic artery (fat ar
row). 
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FIGURE 9.2.1.8. (A) A 3D reconstruction of the MRA nicely demon
strates the A VF in the tail region of the pancreas, likely between the 
splenic artery (thin arrow) and vein (fat arrow). The vessels proba
bly have some small branches to normal parenchyma, but extend for 
a long enough distance toward the periphery of the graft that direct 
embolization of the artery feeding the A VF with coils was feit to be 
possible and acceptable. (B) Injection into the bifurcated conduit 
shows rapid flow into the splenic artery (thin arrow), which con
firms the anatomy as seen on MRA and also fails to show any sig
nificant parenchymal branches arising from the artery near the fis-

B 

D 

tula. Given the rapid, low-resistance flow through the fistula, no flow 
is seen into any of the parenchymal arteries. This steal phenomenon 
is feit to be responsible for the signs of "graft failure" that frequently 
accompany an A VF. (C) Even a more peripheral injection into the 
splenie artery (thin arrow) fails to show anything but rapid flow into 
the splenic vein (fat arrow) and iliac vein. (D) After coil ernboliza
tion of the distal splenic artery, the parenchyrnal vessels that arise 
frorn it can finally be identified. Ernbolization closer to the fistula 
itself was not done for fear of dislodging the coils into the venous 
circuit through the dilated vessels near the fistula. 
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exocrine drainage to the bladder and create the vascular anas
tomoses. Thus, PFCs after a pancreas transplant usually oc
cur in an intraperitoneal location but can also be extraperi
toneal. 

The clinical presentation of a symptomatic PFC often in
cludes fever, lower-abdorninal pain, ileus, and hyperamy
lasernia. Less common symptoms include tachycardia, hy
potension, graft tendemess, and anemia. The common causes 
of a symptomatic PFC include pancreatic phlegmon, pancre
atic fistula, abscess, duodenal segment leak, hematoma, lym
phocele, and urinoma (Figs 9.2.1.9, 9.2.1.10A, and 
9.2.1.10B). Ultrasonography is a useful screening test to ini
tially diagnose a PFC. However, CT is more accurate in char
acterizing the fluid and determining its true extent because 
the view is not lirnited by bowel gas. Computed tomography 
is also the preferred modality for therapeutic drainage of a 
PFC (Fig 9.2.1.10C). 

Although CT and US are sensitive in detecting a PFC, both 
produce few distinct findings that can help deterrnine the na
ture of the fluid collection. Gas around the graft on CT is 
common in the immediate postoperative period. However, the 
sudden appearance in a PFC of gas, or a progressive increase 
in its amount, most likely indicates an abscess. Gas in a PFC 
that contains high attenuation material, in particular in prox
imity to a vascular anastomosis, may represent nitrogen in a 
hematoma. In addition, an enhancing irregular rim increases 
the likelihood that a PFC is an abscess. Ultrasonography can 
be used to characterize the collection. It is much more accu
rate than CT in delineating debris or septa in a multiloculated 
fluid collection. Both debris and septa influence the tech
niques for approaching the lesion and the prognosis of per
cutaneous drainage. Precise characterization requires aspira
tion of diagnostic material for both chemical and 
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rnicrobiologic analysis. High PFC amylase levels may sug
gest a pseudocyst or pancreatic ascites. High PFC amylase 
levels coupled with high PFC creatinine levels in bladder
drained transplants suggest an anastomotic or duodenal stump 
leak. 

Leaks from a duodenoneocystostomy or the bladder occur 
with transplants that used bladder drainage for the exocrine 
secretions. Leaks from the duodenum or bladder occur in 9% 
to 14% of pancreas transplant recipients. 18•19 It is believed 
that leaks within 4 weeks posttransplant are more likely to 
occur at the anastomosis between the bladder and duodenum. 
Leaks occurring after 4 weeks may be from the duodenal 
stump or from a perforated duodenal u1cer. 20 

Plain CT is not usually helpful in diagnosing leaks because 
fluid or miscellaneous soft-tissue densities adjacent to the 
graft or the anastomosis between the duodenum and bladder 
are common in recipients without leaks and are therefore non
specific findings. 18 However, an enlarging fluid collection on 
two sequential scans is strongly suggestive of a leak. 

Fluoroscopic cystography or CT cystography is an accu
rate method to detect a leak. Bischof et al. 19 first reported the 
technique that is currently in most widespread use for CT cys
tography, in which the bladder is filled with both contrast and 
air (Fig 9.2.1.11). This dual-contrast approach increases both 
the sensitivity and specificity of CT cystography. Computed 
tomography accurately detects both contrast media. Leaks can 
occur on either the anterior or posterior surfaces. In Bischofs 
study of 18 patients, the sensitivity was 92%; specificity was 
100%. Pre- and postvoid sc ans were done to look for extrav
esical air or contrast as an indicator of a leak. In four patients, 
the leak could only be diagnosed on the postvoid scans. 

Fluoroscopic cystography is only effective in identifying a 
leak if the leak can be seen with iodinated contrast injection; 

FIGURE 9.2.1.9. The fluid collection (thin ar
row) is clearly seen adjacent to the inhomo
geneous, irregular, inflamed-appearing pan
creas graft (fat arrows). Areas in the middle 
of the pancreas graft that do not enhance at 
all may be necrotic. 



FIGURE 9.2.1.10. (A) Occasional fluid collections 
(thin arrows medially and laterally) can dissect 
relatively far from the pancreas graft into adja
cent healthy tissues. When the pancreas graft is 
not obviously inflamed (as it is in this case), the 
fluid may represent hematomas, seromas, lym
phoceles, or pseudocysts. (B) Large inhomoge
neous fluid collections around the weakly en
hancing pancreas graft (thin arrow) are often 
associated with fevers. Aspiration or percuta
neous drainage is often the only way to make an 
accurate diagnosis and also offers a way to po
tentially eure the problem. (C) Percutaneous 
drainage is easily accomplished with CT fluo
roscopy and "real-time" visualization of the nee
dIe tip. US drainage would surely have been pos
sible in a case such as this, but differentiating 
inflamrnatory mass from tissue (including the 
pancreas graft itself) can be difficult with exten
sive inflamrnation. 

A 
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an air-contrast leak is essentially undetectable. Any contrast 
material extending beyond the metallic sutures that define the 
anastomosis and also serve as indicators of the limits of the 
duodenal segment is presumed to be a leak. Care should be 
taken when instilling contrast into the bladder, especially in 
the immediate postoperative period, to ensure that the blad
der and duodenal segment are not overdistended. If they are, 
they could leak through or even disrupt the suture lines. 

Optimal management of a PFC depends on early charac
terization and early treatment of the fluid, thereby decreasing 
morbidity and improving graft survival. Aspiration with bio
chemical and microbiologic assessment is the mainstay for 
characterization. Computed tomography, with or without 
CT fluoroscopy, is the most common imaging modality for 
guidance of aspiration and drainage. Larger or more superfi
cial fluid collections are also readily amenable to US-guided 
techniques. 

Aspiration is usually accomplished with 20- or 22-gauge 
needles, although 18- or 20-gauge needles may be required 
for higher viscosity fluids. In a high percentage of pancreas 
transplant recipients, percutaneous drainage catheter place
ment is technically successful. Complete therapeutic success 
with percutaneous drainage alone is less common. In a Uni
versity of Minnesota study21,22 of 26 grafts with 38 catheter 
drains, complete and lasting therapeutic success was achieved 
in 35% (9) and temporary therapeutic success in 38% (10); 
percutaneous drainage failed in 27% (7). This low success 
rate was likely related to the recipients' immunocompromised 
condition, the presence of surgical foreign bodies, and the per
sistent leakage of pancreatic enzymes. The results did not ap
pear to be related to the amylase level in the PFC or to asso
ciated bacterial or fungal infection. Percutaneous drainage of 
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FrOURE 9.2.1.11. On CT, it is easy to accu
rately visualize the anastomosis between the 
bladder and duodenum (arrow). Air, an excel
lent CT contrast agent, permits clear definition 
of an intact anterior bladder wall. 

the PFC was completely successful in all recipients who had 
undergone a posttransplant pancreatectomy. 

Pancreatitis 

The hallmark of pancreas graft injury from any source is pan
creatitis. In the immediate postoperative period, the most 
common causes are acute rejection, preservation or reperfu
sion injury, or technical problems, in particular as they affect 
ductal integrity or vascular patency. Pancreatitis due to re
jection is treated by intensifying antirejection agents. Reper
fusion pancreatitis is self-limiting, usually resolving within 
several days. Reflux-induced pancreatitis is treated with ure
thral catheterization. 

Most recipients in the immediate posttransplant period 
show signs of mild pancreatitis on imaging. Signs inc1ude 
graft enlargement, a thin rim of peritransplant fluid, and min
imal infiltration of peripancreatic fat (Figs 9.2.1.12A and 
9.2.1.12B). After the immediate postoperative period, pan
creatitis may be suspected because of abdominal pain or ele
vated serum amylase levels. 

With graft injury, pancreatic enzymes seep from the graft 
and cause severe inflammatory changes. Computed tomogra
phy is useful in assessing pancreatic necrosis, infarction, and 
pseudocyst formation. Findings are similar to what would be 
expected in native pancreas inflarnmation, inc1uding infiltra
tion of peripancreatic fat, ascites, abnormal enhancement of 
pancreatic parenchyma, and intra- or extrapancreatic loculated 
fluid collections consistent with pseudocysts. Graft enlarge
ment is difficult to appreciate without a baseline study. 

Pancreatitis in extraperitoneal grafts can result in extensive 
necrosis of flank and lower-extremity musculature, which is 



9. Postoperative Management, 9.2.1. Imaging Studies and Interventional Radiology 203 

FrGuRE 9.2.1.12. (A) On US, the signs of 
pancreatitis, which most commonly occurs 
immediately posttransplant, inc1ude an in
crease in graft size, haziness of the graft mar
gins (thin arrows), and inhomogeneity ofthe 
parenchyma of the graft. In this image, an 
echogenic region is just posterior to the pan
creas graft (fat arrow), representing air in an 
adjacent bowel loop and not air in an ab
scess. (This can be difficult to differentiate.) 
(B) CT is an accurate method to diagnose 
pancreatitis. Frequent signs inc1ude irregular 
enhancement of the pancreas graft, peri -pan
creatic edema (which frequently appears to 
be a simple fluid on CT but on US is almost 
always a complex, mixed mass of echo
genicity), and areas of stranding or infiltra
tion of peripancreatic fat (arrow). 

B 

why the extraperitoneal site is no longer preferred. Extension 
of the phlegmonous process or pseudocysts into close prox
imity to the iliac vasculature must be viewed with concern: 
It may predispose to pseudoaneurysm fonnation and eventual 
erosion with catastrophic results. 

Rejection 

Rejection is by far the most common cause of graft faiIure.23 

EarIy detection of acute rejection is important for prompt ini
tiation of antirejection therapy. Imaging findings have only 

been minimally successful in detecting or predicting rejection. 
On US, graft enlargement and inhomogeneity may be seen, pre
sumably because of edema or cellular infiltrate. Increased 
echogenicity, with or without an associated decrease in graft 
size, indicates chronic rejection. On US, an elevated RI has 
been found to correlate with rejection. In a University of Min
nesota study,24 the RI was compared with the type and degree 
of rejection in 17 recipients. The nine who had no rejection had 
a mean RI of 0.64 (range, 0.49 to 0.80). The six who had acute 
mild to moderate rejection had a mean RI of 0.67 (range, 0.56 
to 0.73). The two who had acute severe rejection had a mean 
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RI of 0.85 (range, 0.80 to 0.90). Thus, the RI does not differ
entiate between acute mild to moderate rejection and absence 
of rejection. However, an elevated RI may be a sensitive indi
cator of acute severe rejection. Computed tomography of a graft 
with rejection may show nonspecific edema and heterogeneity 
in attenuation. The main role of CT in cases of possible rejec
tion is in guiding percutaneous biopsy of the graft. 

Magnetic resonance imaging appears to be emerging as a 
promising tool in detecting rejection. Earlier studies used un
enhanced spin echo imaging techniques to detect graft edema, 
which is commonly associated with rejection. Edema is quan
titatively identified when the glandular signal intensity is ei
ther less than that of musc1e on T l-weighted images or greater 
than or equal to the signal intensity of the bladder urine on 
T2-weighted images. Recently, Krebs et al.25 compared 
parenchymal enhancement on dynamic contrast- enhanced 
MR with histopathologic findings on biopsies. Grafts with re
jection had a significant decrease in enhancement with 
gadolinium as compared with healthy grafts. U sing a mean 
percentage of parenchymal enhancement, they calculated a 
sensitivity of 96% in diagnosing rejection. 

With noninvasive techniques remaining largely nonspecific 
in diagnosing rejection, percutaneous image-guided biopsy has 
emerged as the method of choice. It offers an accurate diag
nosis with reasonable safety. In two large series, the accuracy 
was 83% to 90%, the rate of major complications was 0% to 
3%, and the rate of minor complications was 2% to 7%.26,27 

Computed tomography is the most accurate method to visu
alize the graft and its relationship to surrounding structures and 
is, therefore, the guiding technique of choice. Oral contrast is 
given to delineate the bowel. At the University of Minnesota, 
we perform the biopsy with a coaxial needle and an automated 
core biopsy needle. We biopsy the most accessible portion of 
the pancreas. We almost always use an active contrast en
hancement technique. The outer guiding needle is positioned 
c10se to the graft and short of any graft-related vascular Struc
tures. The contrast is injected. Under CT fluoroscopy, the nee
dle is advanced forward, avoiding any enhancing vessel. If CT 
fluoroscopy is not available, then a few axial CT seetions are 
taken during contrast administration to rule out avesseI. We 
also routinely use gelfoam plugs postbiopsy to occ1ude the 
biopsy track; doing so decreases the postbiopsy compression 
time, the immobilization or bedrest time, and the size and in
cidence of hematomas on the immediate postbiopsy scan. If se
vere bleeding occurs after a biopsy, multiple geifoam plugs (in 
some cases five or six) can be placed in the biopsy tract until 
bleeding tota1ly ceases. The major complications of biopsy in
c1ude hemorrhage and pancreatitis. Minor complications in
c1ude a transient rise in serum amylase levels, mild hematuria, 
small hematomas, pain, and pseudocyst formation. 

Urologie Complieations 

Almost all pancreas transplant recipients with bladder 
drainage develop some degree of postoperative hematuria. 
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Delayed hematuria is usually caused by duodenal ulceration; 
calculi and bladder tumors are less common causes. These 
problems are usually diagnosed cystoscopically. Imaging has 
no role to play except in detecting calculi or tumors. 

Recurrent urinary tract infection (UTI) occurs in 10% of 
pancreas transplant recipients.20 Imaging of UTI is limited to 
identifying complications and predisposing factors, such as 
calcification, diverticula, or a large postvoid residual. Ure
thritis and urethral stricture, which occur in about 3% of re
cipients, are best studied by aretrograde contrast urethrogram 
or urethroscopy. Inflammation of the bladder or duodenal seg
ment can occur because of irritation by the exocrine pancre
atic secretions. On cystography, this condition is seen as thick
ened folds and spasm, manifested by difficulty in distending 
the duodenal segment or bladder. If cystitis, inflammation of 
the duodenal segment, or urethral damage is too severe, the 
transplant surgeon may convert such recipients to enteric 
drainage. 

Conclusions 

Ultrasonography with Doppler is usually the initial modality 
employed to evaluate patients with suspected fluid collections 
and vascular complications. 

Computed tomography is the most accurate method of di
agnosing fluid collections, anastomotic leaks, and pancreati
tis, especially in obese pancreas transplant recipients. At the 
University of Minnesota, it is the preferred method for guid
ing biopsies. It is even faster, more accurate, and safer when 
using CT fluoroscopy with active contrast enhancement. 

Magnetic resonance imaging is increasingly used for the 
noninvasive evaluation of vascular complications, especially 
when Doppler is nondiagnostic. Its role in diagnosing rejec
tion is promising. 

Nuc1ear medicine studies can rule out a diagnosis of in
farction. However, because of low specificity, they are not as 
often used as US or MRI. Their role will likely expand 
markedly as molecular imaging probes are developed that can 
evaluate specific questions about graft function, inflamma
tion, and rejection. 

Angiography is the gold standard for evaluating vascular 
complications; however, it is used only when vascular inter
vention is planned. 
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9.2.2 
Surgical Complications 

Christoph Troppmann 

Despite a large potential recipient pool, widespread applica
tion of pancreas transplants has been hampered by substan
tial graft failures caused by surgical complications. I - 9 In fact, 
the history of pancreas transplants, unlike that of other ab
dominal organ transplants, has largely been shaped by the as
sociated complications. Surgical complications are so relevant 
because they frequently result in graft loss (e.g., from vascular 
graft thrombosis and intra-abdominal infection).6--8,l0 More
over, they increase recipient mortality significantly and aug
ment transplant costs considerably.8,10 From 1983 through 
1987,25% of all pancreas grafts worldwide were lost from sur
gical complications (technical failures).1 But, over the past 
decade and a half complication rates have dramatically de
creased (Fig 9.2.2.1). From 1999 through 2001, only 7.3% of 
all primary pancreas grafts in the United States were lost from 
surgical complications 11: less than half of the technical failure 
rate even as compared with the 1987 through 1992 US cases. 11 

Currently, graft thrombosis remains by far the most com
mon technical failure, accounting for more than 70% of all 
graft los ses from surgical complications in each of the three 
pancreas recipient categories (simultaneous pancreas and kid
ney [SPK], pancreas after kidney [PAK], and pancreas trans
plants alone [PT A)). 11 Ironic also, even though the islet cells 
account for less than 2% of the overall pancreas graft mass, 
all surgical complications after pancreas transplants result 
from the remaining 98% of the tissue transplanted with the 
islets (i.e., vasculature, exocrine parenchyma, and, for whole
organ pancreas grafts, the duodenum). 12 

A closer look at the history of the surgical complications 
after pancreas transplants demonstrates their impact on the 
evolution of the field. For physiological and technical rea
sons, most of the early pancreas grafts were enterically 
drained. 13,14 However, intraperitoneal infections and anasto
motic leaks, two of the most frequent complications, were as-
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sociated with prohibitive morbidity and mortality.5,13,14 Dur
ing those early years, immunosuppression was relatively 
nonspecific and mostly included potent polyclonal anti-T -cell 
antibodies, steroids, and azathioprine. 

By the early 1970s, drainage ofthe exocrine pancreatic se
cretions into the urinary tract was seen as a means to prevent 
those often catastrophic complications. 15 However, initial at
tempts at draining segmental pancreas grafts into the native 
ureter were also fraught with high rates of leakage, morbid
ity, and mortality.15 Short- and long-term results with duct
injected grafts were also suboptimal because of pancreatitis, 
pancreatic fistulas, and fibrosis.2,3,16 Hence, during the early 
1980s safer alternatives were sought for urinary diversion of 
the exocrine secretions. By the late 1980s, surgical techniques 
were perfected: routine use of a whole organ and duodenal 
segment-to-bladder anastomosis.4,17-19 Those techniques led 
to increased acceptance of pancreas transplants. Further ad
vances in imaging technology allowed for more accurate 
assessment and less invasive treatment of intra-abdominal 
complications (e.g., computed tomography [CT]-guided per
cutaneous catheter abscess drainage).20 During the mid-1980s 
to early 1990s, better outcome also resulted from the intro
duction of cyclosporine, more potent, yet less toxic, antibi
otics (e.g., cephalosporins), antifungal and antiviral agents, 
and advances in organ preservation and critical care of pan
creas recipients. 

However, those improvements in early postoperative mor
bidity and mortality associated with generalization of the 
bladder drainage technique came at the price of increased late 
morbidity. Up to 30% of all bladder-drained recipients expe
rienced fluid and bicarbonate losses, hematuria, cystitis, and 
urethritis, eventually requiring conversion from bladder to en
teric drainage.21-26 Conversion operations have low morbid
ity and nearly no mortality,21-26 but the complications lead-
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FIGURE 9.2.2.1. Incidence of pancreas graft 
losses (SPK, PAK, and PTA) from surgical 
complications (technical failures) by era as re
ported by the UNOS US pancreas registry. 
Note that the overall technical failure rate for 
1983 to 1987 cases was 25% (data not 
shown).1,11,233,234 
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ing to conversion nonetheless led several transplant centers 
to reconsider enteric drainage in the early to rnid-1990s.26-33 
Thus, more than 30 years after the initial pancreas transplants 
were done with enteric drainage, the technical evolution has 
come full circle. Enteric drainage is currently used for over 
50% of all pancreas transplants in the United States.I 1 Still, 
it was with bladder drainage that transplant surgeons and 
physicians had the opportunity to perfect operative and im
munologie outcomes and perioperative management. 

Graft loss rates from surgical complications have drasti
cally decreased, yet recent single-center reviews continue to 
report posttransplant relaparotomy rates as high as 25% to 
50%. The significance of surgical complications persists even 
in the current era.29,30,34-41 

Pretransplant Surgical Complications 

Pretransplant complications constitute a vastly unrecognized 
and underreported surgical complication category. Such com
plications occur most often during procurement of the pan
creas graft. Pancreas recovery is one of the most complex 
solid-organ recovery procedures, irrespective of whether it is 
performed with the in situ or ex situ (after en bloc harvest
ing) disseetion technique (see chapter 8.1.3).42 The most com
mon injuries to the pancreas graft involve the pancreatic vas
culature, followed by the duodenal allograft segment or the 
pancreatic capsule and parenchyma. Fortunately, the pre
transplant bench preparation of the pancreas graft allows for 
recognition and correction of most such problems befare im
plantation and reperfusion. 

Inadvertent resection of a segment of the splenie artery can 
occur, sometimes as a result of an unrecognized posterior gas
tric artery.43 If a splenie artery segment is rnissing, both cut 
ends can often be reanastomosed end to end primarily, after 
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careful stump mobilization.43 Alternatively, a segment of 
donor external or internal iliac artery may be used to create 
an interposition graft (splenie artery-to-splenic artery). If a 
proximal splenic artery resection was inadvertently done, the 
Y-graft (in the case of a whole-organ graft) can be anasto
mosed directly to the distal of the two cut ends of the splenie 
artery.44 Ifno suitable vascular grafts from the donor are avail
able for reconstruction, the transplant may be able to proceed 
under certain circumstances, for example, after ligation of the 
cut ends of the injured splenie artery. If the pancreas tail re
mains viable after reperfusion, no further action is necessary; 
in that case, the inferior pancreaticoduodenal peripancreatic 
collateral network is sufficient to supply the pancreatic tail 
(via the dorsal pancreatic artery). If the pancreatic tail is not 
viable after reperfusion, a distal in situ pancreatectomy can 
be considered. 

Other arterial vascular procurement complications can oc
cur. Far example, if the donar has a replaced right hepatic ar
tery corning off as the first branch of the superior mesenteric 
artery (SMA), the SMA must be transected distal to the take
off of the right accessory hepatic artery (in the case of com
bined pancreas and procurement). In such a case, the inferior 
pancreaticoduodenal artery may be injured. In whole-organ 
pancreas grafts, the gastroduodenal artery is ligated when the 
pancreas and the liver are procured from the same donor, so 
the duodenum and pancreatic head may be partially or com
pletely devascularized. The graft may then be salvaged by 
creating an interposition graft between the gastroduodenal ar
tery stump and the side of the superior mesenteric or splenic 
artery using a donar external iliac artery conduit to revascu
larize the pancreatic head.45 

The key to diagnosing and handling vascular complications 
is manual pancreas graft perfusion on the back table. Preser
vation solution must be gently injected into the SMA and 
splenic artery stumps (see also chapter 8.1.3). The ease ofthe 
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perfusion (i.e., the pressure applied to the syringe) must be 
continuously assessed and the quantity of the portal venous 
effluent carefully observed. If no appropriate effluent flows 
out of the portal vein, the reason may be graft malperfusion 
or the lack of perfusion of either the pancreatic head or pan
creatic tail; the cause may be a devascularizing injury. Under 
rare circumstances, a back-table methylene blue or renografin 
angiogram may help determine the extent of hypoperfusion 
and assess the vascular compromise.46 After exact delineation 
of the underlying problem, either vascular reconstruction or 
nonuse of the pancreas graft must be considered. 

A significant preoperative arterial vascular complication 
occurs when donor vessels are not included with the pancreas 
graft by the procurement team. If none of the donor iliac bi
furcations is included with a whole-organ pancreas graft that 
requires arterial reconstruction, or if the donor vessels are not 
usable because of donor atherosclerosis, several options ex
ist. A segment of the pancreas graft' s distal SMA (if the 
mesenteric pedicle is left long enough at the time of pro
curement) may be used to create an interposition graft be
tween the splenic artery and SMA.47 Alternatively, a segment 
of splenic artery from the splenic hilum may be used between 
the pancreas tail and spleen.48 Or, under exceptional circum
stances, a segment ofthe recipient' s inferior mesenteric vein 
may be used as an interposition conduit. 

Preoperative venous complications are much rarer than ar
terial complications. The portal vein may be too short for anas
tomosis to the recipient venous outflow vessel. However, the 
decision to proceed with a venous extension graft is a serious 
matter because such grafts are associated with increased post
transplant portal vein thrombosis rates.? Two alternative strate
gies may be employed either separately or in combination. One 
entails careful mobilization of the portal vein into the pancre
atic parenchyma by ligating and dividing the fIrst small side 
branches. In many cases, doing so mobilizes the portal vein 
sufficiently, allowing for easy anastomosis to the recipient ve
nous outflow vessel. The second strategy entails complete mo
bilization of the recipient iliac vein (for pancreas grafts that are 
to be drained systemically), including ligating and dividing all 
internal iliac veins; doing so also facilitates safe portal-to-iliac 
vein anastomosis. For portally drained grafts, the portal vein 
length is usually less of an issue given the immediate proxim
ity of the recipient superior mesenteric vein (or a large tribu
tary) to the portal vein of the pancreas graft. 

If the portal vein is too short and needs extension but no 
donor vein is available, aportal conduit may be constructed 
from a donor artery segment. 49 

A pancreas that is to be discarded because of vascular in
jury may still be considered for an islet transplant. However, 
logistic issues and prolonged ischemia time will too often pre
clude this option. 

Preoperative damage to the pancreatic capsule or pancre
atic parenchyma is most common in the pancreatic tail region. 
Usually, such damage can be addressed by simple oversewing 
of the capsular injury. If the tail has been injured after re
moval of the spleen, it can be repaired with the fIshmouth 
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technique, as described previously, using several interrupted 
4-0 polypropylene sutures.50 

Intraoperative Complications 

If the recipient native arterial vasculature is injured intraoper
atively (e.g., due to a vascular clamp injury, or an arterial dis
section of the common or external iliac artery), immediate 
repair is mandatory, either by percutaneous transluminal an
gioplasty and stenting, or, preferably, using autologous or het
erologous conduits.51,51a Often, the recipient internal iliac ar
tery, which could be used as an interposition graft, is not an 
option because of severe atherosclerosis, so a segment of donor 
vasculature should be considered. If that is not an option, then 
a segment of polytetrafluoroethylene (PTFE) graft must be 
used. However, under those circumstances, special precautions 
must be taken to avoid any spillage of duodenal contents in the 
PTFE graft area during the transplant to prevent postoperative 
infectious and pseudoaneurysmatic vascular complications. 

If complications pertaining to the recipient native iliac vas
culature preclude pancreas graft revascularization through the 
iliac system, alternatives are available. Examples include 
anastomosis of the graft distal splenic artery to the recipient 
inferior mesenteric artery or the use of conduits providing in
flow via the recipient' s lower abdominal aorta. 52 

A potentially lethal complication that can occur during the 
dissection of the recipient iliac vessels is hemorrhage due to 
loss of control over a divided internal iliac vein. Complete 
mobilization of the iliac vein is important to minimize post
transplant vascular graft thrombosis and requires division of 
most internal iliac vein branches. If the distal end of a divided 
internal iliac vein is not appropriately tied, suture-ligated, or 
clipped, potentially uncontrollable, life-threatening hemor
rhage can ensue. The exact origin of the bleeding is difficult 
to identify once the vein stump has retracted into the perisacral 
tissues or sacrum. Surgical management of such bleeding may 
include application of suture ligatures, clips, absorable gela
tin sponges, or titanium thumbtacks. However, even with ret
rograde presacral dissection, finding the bleeding vein stump 
may be impossible. Under exceptional circumstances, it may 
be preferable to abandon the transplant and switch the focus 
to preserving the recipient' s life; the bleeding area should be 
packed and a relaparotomy done within 48 to 72 hours after 
optimization of hemodynamic and coagulatory parameters. 

Other intraoperative complications include immediate se
vere hemorrhagic reperfusion pancreatitis to the degree that 
immediate graft removal may be necessary. In less severe 
cases of hemorrhagic pancreatitis, peripancreatic drains may 
be inserted at the time of the transplant and a relaparotomy 
planned (see also chapter 8.2.2). 

If the tail of whole-organ grafts fails to appropriately 
reperfuse intraoperatively, but the head of the pancreas and 
duodenum appear viable, then distal pancreatectomy may 
be an option. Similarly, if the head of the pancreas appears 
to be non- or malperfused, a Whippie procedure should be 
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considered as long as the splenic artery supply of the tail 
can be left intact. 53.54 The resulting segmental pancreatic 
graft, consisting of the tail of the pancreas, can be drained 
either into the bladder (after adequate bladder mobilization) 
or into the jejunum. A duodenal segment of a whole-organ 
graft that appears to be nonviable or severely injured after 
reperfusion may require partial resection. If partial re sec
tion is not sufficient, subtotal resection of the duodenal tis
sue should be considered, leaving only a duodenal button 
around the major and minor papillae for enteric or bladder 
drainage. 18 If subtotal duodenal resection is not an option, 
then, under exceptional circumstances, the pancreas graft 
might be salvaged by pancreatic duct injection with a poly
mer.3.16.54a 

Type 1 diabetics, in particular those with nephropathy, 
have a high incidence of overt or occult coronary artery dis
ease.55,56 Low-risk groups can be defined by preoperative 
cardiac testing (e.g., dipyridamole-thallium myocardial im
aging) and coronary angiography.55,56 But, even patients 
who undergo pretransplant intervention to optimize their 
cardiac status (e.g., percutaneous angioplasty, coronary ar
tery bypass grafting) remain at higher risk for adverse pe
rioperative cardiac events. Severe intraoperative hypoten
sion must therefore be avoided: It has in particular 
deleterious consequences for diabetic pancreas transplant 
recipients. One recent study found that most pancreas re
cipients experienced acute systemic vasodilation and hy
potension after reperfusion of the pancreas graft.57 Those 
pathophysiological changes, in the setting of suboptimal 
filling pressures and acute blood loss, can lead to major pe
rioperative cardiovascular morbidity. They must be pre
vented by judicious intraoperative anesthetic and fluid man
agement (guided, if indicated, by the readings from a 
pulmonary artery catheter). 

Posttransplant Complications 

Vascular Complications 
Graft Thrombosis 

As compared with other solid-organ grafts, pancreas grafts 
have the highest nonimmunologic graft failure rates, with vas
cular thrombosis as the leading cause. During the 1980s, many 
pancreas transplant centers in the United States and Europe 
reported graft thrombosis rates ranging between 10% and 
35%.7,58-60 Despite notable improvements during the 1990s
in donor selection, operative technique, and perioperative 
thrombosis prophylaxis-early graft thrombosis remains, by 
far, the predominant cause of technical failure. According to 
arecent United Network for Organ Sharing (UNOS) US pan
creas registry report, graft thrombosis accounted for over 70% 
of technical failures in each of the SPK, PAK, and PT A re
cipient categories.u For primary bladder- vs enteric-drained 
grafts, graft loss rates secondary to graft thrombosis were 
5.0% vs 5.5% for SPK, 5.4% vs 8.9% for PAK, and 7.2% vs 
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11.6% for PT A recipients. 11 In contrast to other surgical com
plications after pancreas transplants, graft thrombosis is, with 
rare exceptions, irreversible and results in graft loss. It adds 
considerable morbidity and even mortality if it occurs early 
posttransplant and if the thrombosed pancreas graft is not re
moved promptly.7,8,10 For high-risk diabetic recipients in par
ticular, preventing graft thrombosis, by recognizing and 
avoiding risk factors, helps improve graft survival rates and 
lower thrombosis-related morbidity. In the vast majority of 
cases, early graft thrombosis is not related to anastomotic or 
other technical problems but rather to the low-flow state of 
the pancreas, pancreatic edema and impaired microcircula
tion, local and systemic hypercoagulability, and a host of 
donor and recipient factors discussed below.7 Late graft 
thrombosis is most commonly associated with chronic and 
less frequently with acute rejection. Unfortunately, risk 
factor analysis is rendered difficult by the wide array of 
risk factors implicated in the pathogenesis of pancreas graft 
thrombosis. 

Donor Risk Factors 

Previous analyses demonstrated that donor selection is of ut
most importance in minimizing the incidence of graft throm
bosis.7,61 A cardiocerebrovascular cause of donor death and 
older donor age were identified as significant risk factors for 
graft thrombosis.7 Note that the thrombosis risk increases con
tinuously with donor age but that there is no absolute age 
threshold above which the use of a particular donor should 
be mIed out. Rather, donor age must be considered in con
junction with all other adverse factors that may apply to a par
ticular graft. Cadaver pancreas grafts that cannot be recon
structed using a segment of the donor iliac arterial system 
(secondary to atherosclerosis) were also shown to be at higher 
risk for graft thrombosis.7 Thus, grafts from older donors, in 
particular those with pre-existing atherosclerotic disease, 
should be viewed with great caution. Similarly, use of an aor
tic Carrel patch for the pancreas graft constitutes a significant 
thrombosis risk factor7; in general, a Carrel patch is only 
available when the donor' s liver is not used. Diseases pre
cluding the use of the donor liver (e.g., a1coholic cirrhosis, 
steatosis) usually also affect the pancreas (and its thrombosis 
propensity); therefore, the condition of the liver can serve as 
a surrogate indicator of pancreas graft quality. These consid
erations would obviously not apply if liver procurement is im
possible because of a liver-specific condition (e.g., liver 
trauma). 

Hemodynamic instability and massive volume resuscitation 
of the donor, causing pancreatic edema and impairing micro
circulation, are also risk factors for graft thrombosis.7 Inter
estingly, arecent experimental study showed that donor treat
ment with vasopressin analogues also impaired microcirculation 
in donor pancreases.62 Future clinical studies on the conse
quences of pharmacological donor resuscitation will need to 
assess the effect on postreperfusion pancreatitis and graft 
thrombosis rates. 
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The donor pancreatectomy must be performed with minimal 
mechanical trauma to the pancreas to minimize direct vascular 
damage and the potential for postreperfusion pancreatitis-both 
of which are risk factors for graft thrombosis. For similar rea
sons, pancreatie perfusion pressure and flush volume should be 
limited.11t is unclear whether the advent of the University of 
Wisconsin (UW) preservation solution has improved thrombo
sis rates. Its clinical introduction coincided with improved pan
creatic transplant results for a variety of other reasons, so its 
true impact is difficult to assess. From a clinical perspective, 
however, all other preservation solutions are now of historical 
interest only. Still, UW solution has not eliminated the throm
bosis problem, either experimentally or clinically.ll 

Preservation time is also a significant risk factor for graft 
thrombosis.1,1l,63,64 Interestingly, arecent UNOS registry re
port found no direct effect of preservation time on technical 
failure rates (including graft thrombosis) in PAK and PTA re
cipients. 11 In that report, prolonged preservation time was 
detrimental for SPK recipients but not for PAK and PT A re
cipients, a finding that may reflect a more conservative ap
proach to accepting solitary pancreas donors where prolonged 
preservation is only used if an other factors are favorable. 11 

Discussion of the effects of preservation also needs to take into 
account center effects. A previous analysis of UNOS pancreas 
registry data showed a significant center effect regarding the 
importance of preservation time on pancreas graft outcome.65 

Larger centers (those with 50 or more pancreas transplants per 
year) saw no detrimental effect of increased preservation time 
on graft outcome, but smaller centers (those with 49 or fewer 
pancreas transplants per year) did.65 Overall, it appears prudent 
to minimize preservation time, just as with any other organ 
transplant. Both preservation injury itself and graft pancreati
tis may result from prolonged preservation time, and both are 
significant risk factors for graft thrombosis.1,1l,63-66 

Recipient Risk Factors 

Diabetie solid-organ recipients represent achalienging popu
lation with respect to their pre-existing hypercoagulability and 
their tendency to have higher platelet counts, in partieular in 
the setting of end-stage renal disease (ESRD).67,68 Moreover, 
in one study a hypercoagulable state was observed via throm
boelastography in insulin-dependent diabetic patients with 
ESRD undergoing SPK transplants.69 

Throughout the 1990s, the impact of recipient category on 
graft thrombosis rates considerably diminished.1 1,60,70 The 
historically invoked beneficial impact of uremia on throm
botic solid-organ graft complications does not seem to be a 
significant factor in pancreas recipients anymore.1 Currently, 
at least for primary bladder-drained grafts, thrombosis rates 
are similar for SPK (5.0%) and PAK (5.4%) and slightly 
higher for PTA (7.2%), recipients. ll In contrast, the differ
ence remains marked for primary enteric-drained grafts: SPK 
(5.5%), PAK (8.9%), and PTA (11.6%).u,33 The higher 
thrombosis rates reported with enteric drainage in solitary 
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pancreas recipients, however, may not be due to classic sur
gieal, technical, or donor risk factors.33 Rather, diagnosing a 
rejection episode is more difficult in solitary pancreas recip
ients because neither urinary amylase nor serum creatinine 
(i.e., of a simultaneously transplanted kidney from the same 
donor) can be monitored for rejection. Arecent histopatho
logic analysis of explanted pancreases that had failed early 
posttransplant suggested that, in one third of them, the cause 
for graft thrombosis was, in fact, rejection.11 Thus, the clas
sic distinction between nonimmunologic and immunologie 
graft failure is moot. Future analyses of pancreas graft out
comes must take this confounding factor into account. 

For uremic recipients on dialysis at the time of their trans
plant, the kidney transplant literature suggests that peritoneal 
dialysis is associated with higher graft thrombosis rates.12 Peri
toneal dialysis patients have significantly higher concentrations 
of thrombogenic apolipoprotein( a). They also have higher pro
coagulant activities of Factors TI, vrr, VllI, IX, X, XI, and xn, 
whereas endogenous anticoagulants, such as protein C and an
tithrombin m, are not altered. 72 Peritoneal dialysis is also as
sociated with higher hematocrit levels due to reduction of ex
tracellular volume, so patients may be at greater risk for being 
hemoconcentrated.72 Finally, peritoneal dialysis may be a sur
rogate marker for loss of hemodialysis access options due to 
repetitive thrombosis of dialysis access grafts and fistulas sec
ondary to a hypercoagulable state. However, in the pancreas 
transplant literature an adverse effect of peritoneal dialysis on 
graft thrombosis has, thus far, not been reported. Nevertheless, 
when considering a particular donor organ for a particular re
cipient, including the recipient's dialysis mode in the overall 
risk assessment for graft thrombosis appears prudent. 

Preoperative recipient evaluation must also screen for the 
presence of a hypercoagulable state, such as the antiphos
pholipid syndrome. If a hypercoagulable state cannot be ruled 
out, peri- and long-term postoperative management should in
c1ude recipient anticoagulation.72a 

In one large, single-center, multivariate analysis, a retrans
plant was noted to be a risk factor for graft thrombosis in SPK 
but not in PAK and PT A recipients.7 This finding, which was 
not observed at other centers, may not be intrinsic to the SPK 
recipient category but rather may reflect the more liberal donor 
acceptance criteria for SPK organs at that particular center. The 
discrepancy re-emphasizes the importance of considering an po
tential risk factors and covariates when making a global throm
bosis risk assessment for a given donor-recipient combination. 

A number of investigators have noted higher thrombosis 
rates for segmental (vs whole-organ) grafts.2,66,73,74 Segmen
tal grafts may be more prone to thrombosis because the short 
splenic artery and vein stumps of segmental grafts allow for 
less spatial flexibility and may be more prone to bending and 
twisting. In addition, in situ the native pancreatic body and 
tail are also supplied through the transverse or dorsal pan
creatic artery, which receives collateral flow from the SMA.14a 

This artery is usually not primarily revascularized in seg
mental grafts. The blood supply of a segmental pancreatic 
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body and tail is, therefore, critically dependent on a single 
vessel, relying on flow only through side branches of the 
splenic artery. As a result, any partial or complete thrombo
sis of the splenic artery or its small side branches would be 
more detrimental in segmental grafts.7 In contrast, in whole
organ grafts collateral flow through the transverse pancreatic 
artery may continue to perfuse the pancreatic tail even if the 
splenic artery has thrombosed. Finally, a segmental pancreas 
graft is an even lower-flow system than a whole-organ pan
creas graft, rendering it more susceptible to thrombotic com
plications. Hence, it is not surprising that even in current seg
mental pancreas transplant series thrombosis rates as high as 
19% are still reported.73 

As compared with other solid-organ transplants, pancreas 
transplants are also unique with regard to the frequent need 
for arterial reconstruction. Combined liver and en bloc pan
creas procurement has now become the rule, so an ex situ 
reconstruction of the dual blood supply of the pancreas be
comes necessary when whole-organ grafts are used and 
when the celiac axis is retained with the liver (as is rou
tine).42 A large multivariate analysis demonstrated that Y
graft reconstruction has the lowest thrombosis risk. That 
finding may seem paradoxical because the Y-graft involves 
creation of two (potentially thrombogenic) anastomoses vs 
only one anastomosis with an end-to-side graft or vs no ad
ditional anastomosis when an aortic Carrel patch is avail
able.7 However, the availability of a Y-graft usually indi
cates the absence of significant donor atherosclerotic disease 
(a risk factor for graft thrombosis). More important, an end
to-side anastomosis or an interposition graft allows for less 
spatial flexibility than a Y -graft when an anastomotic site in 
the recipient is chosen. An end-to-side anastomosis or in
terposition graft may therefore predispose the arterial vas
cular pancreas inflow system to bending or twisting and in
crease the risk for thrombosis.7 

A vailable portal vein length is usually not an issue, even 
with combined liver and en bloc pancreas procurement. Ide
ally, the portal vein should be left as short as possible in the 
recipient anyway to avoid kinking, bending, or twisting. How
ever, with unusual graft placement (e.g., on the left side, 
where the iliac vein takes a more posterior, deeper course) a 
portal vein extension graft may become necessary. One large 
study suggested that the use of portal vein extension grafts is 
associated with higher graft thrombosis rates. It is unclear 
whether the increased rates are due to the additional (poten
tially thrombogenic) anastomosis in the low-flow portal ve
nous outflow tract, mechanical kinking of the portal vein ex
tension conduit, or suboptimal mobility of the donor venous 
outflow vessel (e.g., left iliac vein) and suboptimal spatial 
anastomotic configuration. 

Of note, thrombosis rates are not significantly different for 
grafts with the venous effluent drained portally vs systemi
cally.I 1 

According to a large multivariate single-center analysis of 
over 400 pancreas transplants done during the cyclosporine 
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era, the implantation site of choice for systemically drained 
pancreas grafts in the recipient is the right iliac system, after 
complete mobilization of the right iliac vein.7 This site allows 
for creation of a tension-free portal venous anastomosis, lat
eral to the common or proximal external iliac artery on the 
right side, at the same level in a sagittal direction as the ar
terial anastomosis. However, if a kidney graft was previously 
placed on the right side, or with aretransplant (where the 
right-sided iliac vasculature cannot be used because it is too 
hazardous to remove the previous pancreas graft), then the 
left iliac system or aorta must be used. The left iliac arterial 
system can be fraught with notable difficulties when used for 
inflow. First, the sigmoid colon is on the left side and the pan
creas has to be positioned medially (e.g., onto the common 
iliac artery) or laterally (e.g., onto the external iliac artery). 
Left medial placement increases the distance between the 
donor duodenum and recipient bladder for bladder-drained 
grafts, creating the potential for tension and traction on both 
bladder and vascular anastomoses.1 

More important, the left common iliac vein takes a much 
more posterior (in a sagittal direction) course than its right 
counterpart. In addition, the left iliac vein is tethered by the 
left internal iliac artery. It may be disadvantageous to divide 
the left internal iliac artery in diabetics who may have oc
clusion of the contralateral internal iliac artery; instead, it may 
be necessary to rely on the collateral inflow through the left 
internal iliac artery for part of the blood supply to the lower 
body. The portal vein anastomosis to the common iliac vein 
on the left side is invariably more posterior and deeper than 
the arterial anastomosis (unless patency of the right internal 
iliac artery is assured and the left internal iliac artery can be 
ligated and divided). Thus, portal venous extension grafts 
must be used more frequently-an independent thrombosis 
risk factor. Another problem when placing the pancreas graft 
on the left side is that the left common iliac artery may im
pinge on the portal vein as it courses in an anteroposterior di
rection toward the (deeper) left common iliac vein.1 

Placing the pancreas graft lateral to the sigmoid colon onto 
the left external iliac vasculature is potentially even more dis
advantageous because positioning the graft in this relatively 
restricted space may be difficult. Further, the left external il
iac vein does not run parallel to the left external iliac artery. 
Instead, it follows a more posterior-anterior course as it ex
its from under the left internal iliac artery deep in the pelvis 
and then toward the more superficial left inguinal ligament, 
in particular in male recipients. This course, again, renders 
the portal venous anastomosis more difficult and the portal 
vein more susceptible to impingement by the left external il
iac artery. It is therefore not surprising that left-sided pan
creas graft placement is a significant risk factor for thrombo
sis.7 Alternative solutions may include using the aorta as an 
inflow vessel if a right-sided iliac pancreas implantation is 
not possible or, in selected cases, using the inferior mesen
teric artery.52 Under those circumstances, drainage of the graft 
portal vein into the recipient' sportal circulation and enteric 
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TABLE 9.2.2.1. Perioperative pancreas graft thrombosis prevention 
(modified University of Minnesota protocol). 

Intraoperatively 
If left-sided iliac pancreas graft placement: ligation and division of left 
internal iliac artery and full mobilization of left iliac vein (unless right 
internal iliac artery was previously ligated) 
If recipients are not on dialysis at the time of their transplant: systemic 
heparinization before aortic or iliac cross-clamping (heparin 50-70 U/kg 
IV bolus) 

Postoperatively 
Systemic heparinization 

If no evidence of postoperative bleeding: heparin 1-3 U/kg/h IV con
tinuous infusion, beginning immediately postoperatively 
Gradual increase of heparin up to 7-10 U/kglh IV continuous infu
sion, beginning postoperative d 2-3 
Discontinuation of heparin infusion on postoperative d 7 

Acetylsalicylic acid 325 mg every day indefinitely (PR postoperative 
d 1-3; PO thereafter) 
If aretransplant or if a history of prior graft thrombosis or of other sig
nificant thrombotic event: warfarin PO beginning postoperative d 3, 
with dose adjusted to achieve a target INR of 2.0-3.0 (depending on the 
indication, until 6 mo postoperatively or indefinitely) 

Source: Adapted from Troppmann et alJ and Kandaswamy et alJo PR, per 
rectum; PO, per os; INR, international normalized ratio of prothrombintine. 

drainage of the exocrine secretions is an option that should 
be considered, especially for SPK recipients. 

Arecent analysis during the tacrolimus era suggests that 
left-sided pancreas graft placement may result in acceptable 
thrombosis rates provided that the left internal iliac artery is 
divided, the left iliac vein is completely mobilized, and peri
operative anticoagulation is used (Table 9.2.2.1).15 In any 
event, with the more frequent application of PAK transplants 
for type 1 insulin-dependent diabetes left-sided kidney graft 
placement should be routine if a later pancreas transplant is 
contemplated,1 

Posttransplant graft pancreatitis is also associated with graft 
thrombosis and may be related to donor risk factors (e.g., he
modynamic instability, vasopressor administration), procure
ment injury (excessive intraoperative mechanical manipula
tion), perfusion injury in the donor (e.g., excessive amounts 
of flush volume, high perfusion pressure ), preservation injury, 
or ischemia-reperfusion injury (reflecting total cold and warm 
ischemia time),1,62-64,66,76 In experimental acute pancreatitis 
models, vasoconstriction, intravascular coagulation, and in
creased endothelial permeability may result in increased pan
creatic edema and impaired venous drainage. Ensuing pan
creatic ischemia may then trigger the transition from mild to 
severe pancreatitis. With increasing severity of pancreatitis, 
pancreatic microcirculation is progressively impaired and 
necrosis and graft thrombosis may occur. 

Analysis of the effects of graft pancreatitis and graft throm
bosis is impeded by the lack of a consistent, accurate defini
tion of graft pancreatitis. Serum amylase levels (which are 
frequently used to assess for graft pancreatitis, both clinically 
and experimentally) may not reflect the degree of pancreati
tis and its impact on microcirculation appropriately. Never-
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theless, several studies suggest that graft pancreatitis is asso
ciated with increased graft thrombosis rates,1,63,64,66 There
fore, all efforts must be made to avoid graft pancreatitis to 
begin with. 

The impact of recipient immunosuppression on pancreas 
graft thrombosis rates remains unclear. Some kidney trans
plant studies suggest that kidney graft thrombosis rates are 
adversely affected by the administration of cyclosporine.77 

Experimental evidence suggests that cyclosporine decreases 
prostacyclin synthesis. In addition, cyclosporine may cause 
direct endothelial damage, increase thromboxane A2 produc
tion, and adversely alter fibrinogen, circulating monocyte pro
coagulant activity, protein C, factor VIII-reiated antigen, fac
tor VIII coagulant-activity, and adenosine diphosphate 
(ADP)-induced platelet aggregability,1,78-81 Experimentally, 
the combination of preservation injury and subsequent ad
ministration of cyclosporine increases thromboxane A2 pro
duction.82 Finally, chronic exposure to cyclosporine and 
steroids may exhaust prostacyclin formation pathways.7,78 

It is unclear to what extent the above drug-related mecha
nisms affect thrombosis rates in pancreas recipients. Arecent 
multicenter study suggests higher pancreas graft thrombosis 
rates in recipients who were treated with cyclosporine (vs 
tacrolimus).83 Interestingly, two case series of splenic vein 
thrombosis in recipients on intravenous (IV) tacrolimus have 
also been reported.84,85 Similar to cyclosporine, tacrolimus 
may induce vasospasm (resulting in microvascular injury) and 
may cause direct endothelial injury and thrombosis (second
ary to alterations in the thromboxane A2-prostacyclin [PGI2] 
balance or to endothelin release).82 Of note, in one case se
ries the graft thromboses observed under IV tacrolimus treat
ment occurred during simultaneous treatment with inter
leukin-2 receptor antibodies.84 

Any impact of newer immunosuppressants, such as 
sirolimus, on graft thrombosis rates has yet to be established. 
Of concern, arecent multicenter liver transplant study noted 
an increased incidence of hepatic artery thrombosis in 
sirolimus recipients.86 Clearly, further study is required with 
a large number of patients and multicenter data to deterrnine 
the optimal immunosuppressive regimen for minimizing graft 
thrombosis rates. 

Clinical Diagnosis 

About 60% of all thromboses are venous and 40% are arte
rial; but, exact distinction is at times difficult, even when ex
amining the explanted pancreas. The vast majority of throm
boses (>70%) occur within the first week posttransplant. 
Clinical symptoms of graft thrombosis include graft tender
ness, unexplained hyperglycemia, rapidly and unexpectedly 
increasing insulin requirements, unexplained hemoperi
toneum (after venous graft thrombosis), thrombocytopenia, 
leukocytosis, dark hematuria (with venous thrombosis of 
bladder-drained grafts), and rapidly declining or absent uri
nary amylase levels (for bladder-drained grafts only). In some 
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recipients, a secondary deep venouS thrombosis of the ipsi
lateral ileofemoral venous system may develop (by retrograde 
portal vein thrombus propagation); this may even be the ini
tial symptom. Diagnosing acute vascular graft thrombosis 
may at times be difficult because the c1inical symptoms are 
nonspecific. It is therefore in particular important to inc1ude 
a thrombotic event in the array of differential diagnoses when 
encountering any of the previously mentioned symptoms dur
ing the early posttransplant period. Clinically suspected graft 
thrombosis is usually confirmed readily by color duplex 
Doppler ultrasonography, which can visualize the graft in
and outflow vessels and the vascular anastomosis. 87,88 Ab
sence of flow in the arterial inflow vessel or venous outflow 
vessel, or both, strongly suggests primary vascular thrombo
sis. Importantly, severe pancreatitis or rejection mayaiso pres
ent with a markedly diminished and at times difficult to de
tect flow. 

The diagnostic accuracy and sensitivity ofthe two most fre
quently obtained pancreas graft imaging studies-color du
plex Doppler ultrasonography and radionuc1ide perfusion 
scintigraphy-can be substantially increased if done seri
ally.7,88 Contrast-enhanced CT, which can selectively visual
ize the graft during contrast bolus administration, may be 
helpful in selected patients, but its usefulness is limited by 
the nephrotoxic side effects of IV contrast agents. Those side 
effects are in particular undesirable for pancreas recipients 
with kidney grafts (SPK, PAK) or with native kidneys that 
suffer from varying degrees of diabetic nephropathy (PT A). 
Computed tomography is in general more useful in diagnos
ing other postoperative complications (such as fluid collec
tions, pancreatitis, or abscesses) than in diagnosing graft 
thrombosis.7,88 The role of magnetic resonance angiography 
(MRA) in diagnosing pancreatic vascular complications ex
panded in the 1990s89,90; MRA is advantageous because it 
does not use nephrotoxic contrast agents. The gold standard, 
albeit relatively rarely used for confirming graft thrombosis, 
is conventional angiography.7,88 Surgical exploration remains 
the ultimate diagnostic modality; it allows simultaneous di
agnosis and initiation of treatment. 

Treatment and Prevention 

Therapeutic options for thrombosed pancreas grafts are lim
ited. Ifthe thrombosis occurs early posttransplant and involves 
only the venous system in whole-organ grafts, venous 
thrombectomy can be attempted, in particular if the pancreatic 
tail is still viable.91-94 However, only anecdotal case reports 
have been published of salvage after thrombectomy of pan
creas grafts with partial or complete venous thrombosis.91-95 

Key prerequisites for salvage are immediate relaparotomy on 
diagnosis of the thrombotic event and a noncompromised pan
creatic parenchyma. If partial portal or isolated complete 
splenic vein thrombosis in a whole-organ graft is documented 
by duplex Doppler ultrasonography, systemic anticoagulation 
(with or without thrombolytic therapy of the recipient) may 
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maintain the viability of the pancreas graft without operative 
reintervention, especially if long-term anticoagulation is 
instituted.93-96 

There are no known cases of pancreas graft salvage after 
complete arterial graft thrombosis. At least two cases of sal
vage were reported after partial arterial graft thrombosis, with 
thrombectomy of the splenic artery and SMA, respectively, 
in whole-organ grafts without postoperative complica
tions.97,98 If only the splenic artery of a whole-organ graft is 
thrombosed, the graft may be converted to a segmental graft 
by performing an in situ distal pancreatectomy. However, the 
morbidity and mortality rates are potentially high due to se
vere ischemic graft pancreatitis after a salvage procedure for 
partial or complete venous or arterial pancreas graft throm
bosis: At least two cases of postoperative acute respiratory 
distress syndrome and one death have been reported.91 

By far the most common treatment after acute graft throm
bosis is graft pancreatectomy.7,9,99-102 Early posttransplant, 
once graft thrombosis is diagnosed, relaparotomy, and, if nec
essary, graft pancreatectomy, should be done promptly. Oth
erwise, infectious complications can have a significant impact 
on morbidity and mortality.7,8,10 In fact, graft thrombosis is 
still the most common indication for graft pancreatec
tomy.9,99-102 In recipients with late graft thrombosis from 
chronic rejection or progressive graft arteriopathy, graft pan
createctomy may not always be necessary, especially if the 
vascular occ1usion process is sufficiently slow to allow for 
graft atrophy and fibrosis. 

Some authors have proposed proceeding with graft pan
createctomy and an immediate retransplant if graft thrombo
sis occurs within the first 4 weeks posttransplant.93,94,103-105 
Despite several optimistic case reports,93,94,103-105 concems 
remain regarding increased morbidity and mortality. With 
whole-organ grafts inc1uding the donor duodenum, in partic
ular those with enteric drainage, contarnination and coloniza
tion of the peritoneal cavity after the first graft may have dele
terious consequences with respect to infectious complications 
after the second graft.8 Many surgeons advocate performing 
the retransplant at a later time, after the recipient completely 
recovers from the thrombotic event. 

Numerous attempts have been made at prophylaxis and 
prevention of graft thrombosis.7 Most important, routine pe
rioperative anticoagulation has been advocated, using IV he
parin at subtherapeutic doses or low-molecular-weight dex
tran and short- and long-term acetylsalicylic acid with or 
without long-term fuH anticoagulation with warfarin. Based 
on pathophysiological considerations, it is apparent that post
transplant prophylaxis for thrombosis should inc1ude platelet 
aggregation inhibitors to counteract the consequences of ab
normal eicosanoid synthesis by recipient-derived circulating 
ceHs and donor-derived vascular graft endothelium.7 The Uni
versity of Minnesota group feels that their empirical periop
erative low-dose heparin and acetylsalicylic acid protocol sig
nificantly contributed to a marked decrease of thrombotic 
complications in the 1990s (Table 9.2.2.1).70 Many centers 
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use perioperative antithrombotic prophylaxis to varying de
grees, but any anticoagulation protocol for pancreas recipi
ents has yet to be proven safe and effective in a prospective 
randomized study. For now, low-intensity perioperative anti
coagulation seems wise (Table 9.2.2.1). Without a doubt, an 
increased relaparotomy rate for bleeding-an unavoidable 
consequence of any perioperative anticoagulation-is more 
tolerable than an unacceptably high graft pancreatectomy rate 
due to graft thrombosis. 

Disappointingly, no substantial c1inical proof exists of the 
efficacy of graft thrombosis prophylaxis by preventing or 
treating posttransplant pancreatitis, for example, with the 
long-acting somatostatin analog octreotide.106-108 Another 
approach aimed at mitigating the effects of preservation and 
reperfusion injury is calcium channel blocker administration, 
which has been successfully used c1inically in kidney recipi
ents. In a retrospective study the incidence of graft pancre
atitis significantly decreased when calcium channel blockers 
were administered in the immediate postoperative period.63 
But, their effects on the incidence of graft thrombosis were 
not explicitly described and so remain unc1ear.63 All of the 
above findings and the assessment of other novel anticoagu
lants and platelet aggregation inhibitors await further inves
tigation, especially in large-animal and c1inical studies. 

Currently, the best available strategy to prevent graft throm
bosis begins with judicious donor selection, carefully recon
sidering the use of older donors and of those who died of car
diocerebrovascular causes. Procurement techniques must be 
atraumatic. Perfusion pressure, flush volume, and preservation 
time must be minimized. Arterial reconstruction of whole-or
gan pancreas grafts should preferentially be done using a Y
graft. Extension grafts of the portal vein must be avoided if at 
all possible. In the recipients, pancreas grafts should not be 
anastomosed to the left common internal or external iliac ar
tery; if this is not possible (e.g., because of a previous right
sided kidney transplant), the distal abdominal aorta is a safe al
ternative. Ifleft-sided pancreas graft placement is unavoidable, 
division of the left internal iliac artery must be strongly con
sidered to increase mobility of the left iliac vein. All efforts 
must be directed at decreasing the incidence and severity of 
graft pancreatitis. Empirical data suggest that perioperative 
low-intensity anticoagulation, in conjunction with antiplatelet 
therapy, can help decrease graft thrombosis rates further. Se
lected recipients may require full anticoagulation.72a 

LaIe Vascular Complications 

Atherosc1erotic disease of the recipient or donor vasculature 
leading to preanastomotic, anastomotic, or postanastomotic 
stenosis, repectively may present with endocrine graft dysfunc
tion and, on occasion, hyperamylasemia.74a,l09 With bladder
drained grafts, symptoms may inc1ude exocrine dysfunction 
with decreasing urinary amylase production. Posttransplant pro
gression of pre-existing intragraft donor vascular disease can re
sult in similar findings. The chronic occ1usive arterial vascu-
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lopathy seen with "chronic" pancreas graft rejection is at times 
indistinguishable from pre-existing vascular disease processes. 
Interestingly, the arterial tree of duct-injected grafts may be more 
prone to develop late occ1usive arterial disease, presumably sec
ondary to the fibrosis of the surrounding exocrine tissue.110 

All these complications can eventually result in graft 
thrombosis and may require graft pancreatectomy. If there is 
a well-defined lesion in the proximal portion of the pancreas 
graft arteries, then percutaneous transluminal angioplasty may 
be attempted, with or without endovascular stenting.110 For 
recipients with chronic diffuse arteriopathy and progressive 
graft dysfunction, the only options are return to insulin ther
apy and a retransplant.I 11 

Any recipient with new onset of a bruit over the pancreas 
graft should undergo color duplex Doppler ultrasonography 
to rule out a pseudoaneurysm or an arteriovenous fistula 
(A VF). 112 Pseudoaneurysms can present as an arteriovesical 
or arterioenteric fistula and can occur many years posttrans
plant, even in pancreas grafts that no longer function because 
of chronic rejection.I 13 Importantly, pseudoaneurysms can 
also occur years after transplant pancreatectomy.I14 

Pseudoaneurysms are highly morbid, potentially life-threat
ening complications and have typically a bacterial or fungal in
fectious etiology. Interestingly, at least one case of an arterio
enteric fistula that was possibly caused by a cytomegalovirus 
(CMV) infection of the donor duodenum was reported. ll5 

However, there are also isolated case reports of sterile 
pseudoaneurysms caused by a surgical or technical anasto
motic problem or by an infection that c1eared with antibiotic 
treatment, resulting in a "sterile" pseudoaneurysm.116,117 
Pseudoaneurysms can arise from the graft splenic artery or 
SMA, vascular reconstruction (e.g., Y-graft or interposition 
graft), iliac artery anastomosis, or recipient native iliac artery 
(distant from the anastomosis).I13-121 In cases occurring late 
after transplant pancreatectomy, the pseudoaneurysm origi
nates at the anastomotic site where the aortic Carrel patch or 
an arterial segment of the donor pancreas vasculature was left 
in place (when proceeding with arterialligation and vascular 
division during the transplant pancreatectomy). It has been 
suggested that pseudoaneurysms occur more frequently with 
enteric-drained grafts. 114 Initially, they may be asymptomatic 
or may present unspecifically with endocrine or exocrine in
sufficiency. Eventually, they result in pain over the pancreas 
graft, gross hematuria (if they penetrate the bladder), acute 
lower-gastrointestinal bleeding (if they erode into the intes
tine), a palpable pulsatile mass, sepsis, and, at the time of rup
ture, hemodynamic instability.1l3-121 Symptomatic pseudoa
neurysms usually indicate impending or acute rupture. Some 
are discovered incidentally by color duplex Doppler ultra
sonography, which is also the diagnostic screening modality 
of choice.I 18 Contrast-enhanced CT, MRA, and conventional 
angiography are used for confirmation and exact anatomic 
definition as indicated. If the recipient is stable and the 
pseudoaneurysm asymptomatic, conventional angiography is 
indicated to determine the location and extent of the pseudoa-
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neurysm and rule out an A VF secondary to the pseudoa
neurysm.1 18 If there is no clinical evidence of an acute infec
tious cause (i.e., in the case of "sterile" pseudoaneurysm), en
dovascular stenting has been successfully attempted in at least 
one case.116 

In all other cases, prompt operative re-exploration is 
mandatory.118 Usually, with impending or ongoing acute 
pseudoaneurysm rupture, graft pancreatectomy is necessary. 
Intraoperatively, preliminary proximal and distal arterial and 
venous control of the recipient vasculature is key. In the face 
of acute infection, construction of extra-anatomic bypasses 
(either axillofemoral or femorofemoral) is often necessary be
cause implantation of PTFE grafts to replace the ligated or 
resected recipient vasculature is contraindicated. In rare cases 
of ruptured pseudoaneurysms that do not involve infection, 
the graft can be salvaged operatively. The graft must be thor
oughly mobilized to gain access to the diseased vascular 
segments. A temporary takedown of the duodenovesical or 
duodenojejunal anastomosis may be necessary to allow unim
peded, full inspection of, and access to, the back side of the 
pancreas graft and peripancreatic vasculature. Fortunately, the 
incidence of this complication appears to have diminished 
over time, possibly due to an overalllower infection incidence 
in current case series: Most cases of pseudoaneurysm are re
ported in the earlier pancreas transplant literature throughout 
the 1980s into the early 1990s.ll3-121 

An A VF is another rare vascular cause of pancreas graft 
dysfunction.112,122-1251t can occur as early as a few hours post
transplant to as late as many years posttransplant.112,122-124 
Typically, the fistula occurs in the ligated or stapled distal 
mesenteric vascular bundle in whole-organ grafts.112,122-124 
It is unclear from the available literature whether this com
plication occurs more frequently with mass stapling or with 
blind mass ligation (using several individual tie ligatures or 
suture ligatures) of the mesenteric vascular bundle. A VFs may 
also be related to transcystoscopic-transduodenal or percuta
neous pancreas biopsies. 

An A VF may cause endocrine dysfunction, new onset of a 
bruit over the graft, hematuria, or a palpable thrill. 122 It may 
be incidentally discovered during color duplex Doppler ul
trasonography. In selected cases, an A VF in the mesenteric 
bundle may cause vascular steal, with sonographically non
demonstrable flow in the splenic vein of the pancreas graft. 123 
Angiography is used to confirm the diagnosis. 

The first-line treatment is percutaneous transarterial em
bolization of the A VF, which has been successful in several 
cases.112,123-125 If this approach is technically not feasible or 
fails, re-exploration ofthe pancreas graft is necessary with di
rect surgical suture ligature of the A VF using, if necessary, 
intraoperative color duplex Doppler ultrasonography.122 

True intrapancreatic arterial aneurysms are rare. It is un
clear if they represent a pre-existing donor aneurysm or arise 
de novo in the recipient. Typically, they are observed in the 
splenic artery.126 Once they are diagnosed, embolization 
should be attempted. Surgical resection is indicated for 
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aneurysms that are not amenable to percutaneous treatment. 
For proximal splenic artery aneurysms, embolization, liga
tion, or resection may lead to ischemia of the pancreatic tail 
and may require partial pancreatectomy. 

Vascular Kidney Graft Complications 
in Pancreas Recipients 

A unique vascular complication after solid-organ transplants 
is the torsion of the renal vascular pedicle in SPK recipients. 
This rare complication is due to the excessive mobility of in
traperitoneally placed kidney grafts (in particular of left kid
neys with their longer vascular pedicle) at the time of the pan
creas transplant. 127,128 As opposed to extraperitoneal kidney 
grafts, intraperitoneal kidneys may rotate and torse around 
their vascular pedicle axis, in particular if the transplant ureter 
is long, the recipient' s bladder is floppy, and no adhesions 
have formed (e.g., secondary to steroid treatment).127,128 

Tbe onset of symptoms occurs typically between several 
months posttransplant and as late as 2 years posttrans
plant. 127,128 Symptoms can indicate graft dysfunction, hy
dronephrosis, or partial or complete renal vein thrombosis, 
with sudden onset of hematuria, pain over the kidney graft, 
or sudden cessation of urine output. 127,128 If renal pedicle tor
sion is suspected clinically and confirmed by color duplex 
Doppler ultrasonography, immediate relaparotomy may sal
vage the kidney graft. Renal pedicle torsion may be prevented 
for intraperitoneally transplanted kidneys, in particular those 
with a long vascular pedicle, by perforrning a nephropexy to 
the recipient' s retroperitoneum or anterior abdominal wall and 
keeping the transplant ureter as short as possible.127,128 Al
tematively, the kidney graft can be placed extraperitoneally 
after dissecting an extraperitoneal pocket over the extemal il
iac vessels through the same midline incision that is also used 
for intraperitoneal pancreas placement contralaterally.129 

Other vascular complications pertaining to kidney grafts 
(e.g., renal artery stenosis, AVF) are not specific to pancreas 
recipients and should thus be handled as in any solitary kid
ney recipient. 

Surgical Wound Infections 

Surgical wound infections can be divided into two categories: 
superficial and deep-wound infections. Superficial infections 
are addressed elsewhere (chapter 9.2.3). Most wound infec
tions after pancreas transplants are deep (intra-abdominal) 
wound infections, either alone or combined with superficial 
infections. In one large series, 70% of all wound infections 
were deep (45%, deep only; 25%, combined deep and super
ficial) and 30% were superficial. 130 

Intra-abdominal infections, together with graft thrombosis, 
comprise one of the most significant complications after pan
creas transplants.5-8,10,1l Graft thrombosis leads to high rates 
of graft loss, but no added mortality if handled appropri
ately.7,10 Intra-abdominal infections lead not only to high rates 
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of graft loss, but also to substantial mortality.5,6,8,10,130,13l 
Fortunately, over the past decade the most significant and dra
matic progress-with regard to reducing posttransplant sur
gical complications and technical failures-has been made 
with intra-abdominal infections.1,6,8,10,1l,132-134 

In a historic study from the University of Minnesota, the 
incidence of intra-abdominal infections was 22% and the 
mortality rate for recipients with such infections was 27%, 
up to the mid-1980s, 5 A decade later, during the cyc1osporine 
era, those findings were still nearly unchanged in another re
view by the same group: The incidence of intra-abdominal 
infections was 20%,20 In that same cyc1osporine-era study, 
intra-abdominal infections were associated with dismal pa
tient and graft survival rates,lO Overall patient survival at 1 
and 3 years posttransplant was 76% and 74% for recipients 
with infections vs 92% and 84%, respectively, for those with
out. Even more disconcerting, for recipients with fungal in
tra-abdominal infections graft survival at 1 year was 17% (vs 
63% for those without infection); the mortality rate was 20% 
for recipients with sole fungal or combined fungal and bac
terial infections. 6,10 Relaparotomy was required in 90% of 
the recipients with intra-abdominal infections; of those un
dergoing relaparotomy, graft pancreatectomy was performed 
in 70%.10 

More recently, several studies have reported substantially 
improved rates of intra-abdominal infections, morbidity, and 
mortality.132-134 United Network for Organ Sharing pancreas 
transplant registry data also point to improvement.1,1l In the 
2001 UNOS registry analysis, the graft loss rate from infec
tion and pancreatitis ranged from 0.6% to 2.0%, depending 
on recipient category and exocrine secretion drainage 
method. 11 These dramatic improvements are the consequence 
of standardized surgical techniques, optimized perioperative 
antimicrobial and fungal prophylaxis, more specific im
munosuppression (resulting in lower rejection rates and less 
requirement for mono- or polyc1onal anti-T -cell therapy), and, 
probably most important, better donor selection. For recipi
ents who still develop intra-abdominal infections, improved 
imaging techniques allow earlier diagnosis, more accurate 
delineation of the pathology, and even better treatment 
(e.g., percutaneous abscess catheter drainage),2° all of which 
have considerably contributed to better outcomes. The com
bination of these measures has reduced the rate of intra
abdominal infections to less than 15% and the rate of graft 
loss to a remarkably low level (as cited above).1l,132-134 

Risk Factors for Intra-Abdominal Infection 

From a review of the currently available evidence, several risk 
factors for intra-abdominal infections emerge. Arguably, 
donor risk factors are most important. Older donors (in par
ticular those older than 45), obese donors with an elevated 
body mass index, and longer preservation times have all been 
associated with increased rates of intra-abdominal infec
tions. 1O•64,130,135,136 Recipient risk factors associated with in-
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creased rates inc1ude aretransplant, pretransplant peritoneal 
dialysis, older age, use of the duodenal button (vs the duo
denal segment technique), a segmental pancreas transplant (in 
particular with a living donor), longer operating time, and 
retroperitoneal pancreas placement.1°,1l,83,99,130,137-145 Graft 
loss from intra-abdominal infections is in itself a significant 
risk factor for intra-abdominal infections in retransplant re
cipients.146 Of note, in most retransplant recipients intra
infections posttransplant are caused by the same microbial 
species that caused failure of their previous graft, even after 
an interval of 1 to 5 years.146 

Another important posttransplant risk factor for intra
abdominal infections is an anastomotic or duodenal segment 
leak: About 30% of all intra-abdominal infections are asso
ciated with a leak. 10,147 Yet another important risk factor is 
posttransplant pancreatitis, which is difficult to quantify c1in
ically.135 Postreperfusion pancreatitis activates and liberates 
pancreatic enzymes that provoke inflammation and necrosis 
in the tissues surrounding the pancreas graft (peripancreati
tis). The result is an excellent growth medium for microbes, 
which can lead to either diffuse or localized intra-abdominal 
infections.130 Because infections are so commonly associated 
with pancreatitis and peripancreatitis, and because infections 
themselves can cause peripancreatitis, distinguishing the in
citing event is at times difficult in a particular recipient. There
fore, these two complications are often grouped into a single 
technical failure category, such as in the UNOS pancreas reg
istry reports. 11 

In the current era, the exocrine secretion drainage method 
does not appear to affect the rates of intra-abdominal infec
tions or technical failure. Historically, higher rates of intra
abdominal infections were observed with enteric-drained 
grafts, but this difference has not persisted in more recent case 
series.2-5,13,28-35,148 Drainage of the exocrine secretions into 
the stornach, a technique now of historic interest only, was 
associated with high bacterial peritonitis rates, in particular 
in recipients with graft pancreatitis: Presumably, the inflamed 
pancreas in direct contact with the transverse colon led to 10-
cal translocation of luminal colonic microbes. 2 Positive duo
denal cultures obtained from duodenal donor segments are not 
predictive of intra-abdominal infections.149 However, for re
cipients who develop intra-abdominal infections the micro
bial spectrum usually matches the duodenal culture results, 
according to several studies. 130,149 Surgical technique (in so 
far as the choice of a midline vs trans verse vs kidney trans
plant incision) does not affect the rates of intra-abdominal in
fections as long as the pancreas graft is placed intraperi
toneally.142,150,151 Interestingly, and in contrast to kidney 
transplants,152 the introduction of new, more potent im
munosuppressants such as tacrolimus and mycophenolate 
mofetil (MMF) have not significantly affected the rates of in
tra-abdominal infections after pancreas transplants either.11 
Rather, the introduction of MMF correlated with significant 
other improvements in the rates of intra-abdominal infections 
and of the resulting mortality (as discussed above). 
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Clinical Presentation and Treatment 

Nearly all intra-abdominal infections are diagnosed within the 
first 3 months posttransplant, most within the first 30 days.1O 
Fungal infections are diagnosed, on average, somewhat later 
than bacterial infections.6,10 Clinical presentation may range 
from nonspecific abdominal complaints to diffuse peritonitis, 
fever, ileus, nausea, vomiting, leukocytosis, hyperglycemia, 
and sepsis. About 50% of intra-abdominal infections are dif
fuse and 50% localized (e.g., an abscess).10 About 30% of in
tra-abdominal infections are associated with a leak. IO,147 The 
most commonly isolated micro-organisms include staphylo
coccus and enterococcus species, gram-negative bacteria, and 
Candida albicans.6,10,130,133,153 In one large retrospective 
study during the cyclosporine era, 54% of all intra-abdominal 
infections posttransplant were caused solely by bacterial 
species, 15% were caused solely by fungal species, and 31 % 
were mixed bacterial and fungal infections. 1O 

In clinically stable recipients, a workup must characterize 
the extent and nature of their infection, because treatment de
pends on the type of infection (e.g., diffuse peritonitis vs a 
localized abscess). At the same time, graft thrombosis and a 
leak must be ruled out, irrespective of the drainage method. 
The study of choice is abdominal CT with oral and IV con
trast. For bladder-drained grafts, bladder contrast should be 
routinely used to rule out a leak. For enteric-drained grafts, 
bladder contrast does not need to be administered unless a 
bladder leak from a simultaneously transplanted kidney is 
clinically suspected. Administration of IV contrast must be 
adequately timed to allow assessment of pancreas graft per
fusion and delineate the extent, if any, of pancreatitis and pan
creatic necrosis. If there are any doubts about organ perfu
sion and vi ability, a color duplex Doppler ultr:asound study is 
indicated. If a bladder-drained graft recipient still has surgi
cal drains in place, culture of the same micro-organisms from 
the drainage fluid as from the urine, with a similar resistance 
pattern on antibiotic sensitivity testing, is virtually diagnostic 
of an infected bladder leak. 

For stable recipients who have a localized intra-abdominal 
abscess, conservative care with percutaneous catheter drainage 
is a reasonable first-line treatment option. However, in enteric
drained recipients a leak (which would indicate immediate re
laparotomy) must first be ruled out. Similarly, only bladder
drained recipients without a leak, or with a well-controlled 
small leak (treated concurrently by Foley catheter drainage 
and a drain in the leak area), are candidates for conservative 
management. When intra-abdominal fluid collections sug
gesting an abscess are percutaneously drained, the drain 
should be left in place until its output has ceased and until at 
least a preliminary microbiologic culture result report is avail
able. Moreover, such a drain facilitates the diagnosis of an 
occult leak (enteric or bladder) and a pancreatic fistula. A 
sinogram may help assess obliteration of the abscess cavity 
and deterrnine the optimal time for drain removal. In all other 
instances, relaparotomy and open surgical drainage are safer 
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options.8 Depending on the recipient population, between 10% 
and 50% of alliocalized intra-abdominal infections can be suc
cessfully treated conservatively with percutaneous catheter 
drainage. 10,20 

If conservative treatment fails, or if recipients are clinically 
unstable, relaparotomy, with open abscess and infection 
drainage, is mandatory.8 With severe intra-abdominal infec
tions, the treatment focus should be switched early from sal
vaging the graft to saving the recipient' s life, with a low 
threshold for performing a graft pancreatectomy.8 The mor
bidity and mortality rates of intra-abdominal infections are 
higher and the graft salvage rates relatively IOW.6,8,10 Not sur
prisingly, graft pancreatectomy rates of up to 70% in recipi
ents undergoing relaparotomy for intra-abdominal infections 
have been reported.6,10 

Irrespective of the treatment approach (nonoperative vs op
erative), systemic IV antimicrobial coverage, of appropriate 
intensity and duration (as guided by the culture results, if 
available), is mandatory.154 Given the devastating impact of 
fungal intra-abdominal infections on graft and, even more im
portant, patient survival,6 long-term (at least 6 weeks) anti
fungal treatment should be routine for recipients with fungal 
peritonitis. Those who also have a component of pancreatitis 
or peripancreatitis may benefit from the use of fluoro
quinolones because high tissue concentrations in inflamed and 
necrotic pancreatic tissue are obtainable using this class of 
antibiotics. 

Preventing intra-abdominal infections begins with appro
priate donor selection; the use of older and obese donors must 
be reconsidered. 135,136 Preservation time must be mini
mized.64 Retransplant recipients, older recipients, recipients 
of segmental grafts, and recipients on dialysis (in particular 
peritoneal dialysis ) at the time of their transplant are at higher 
risk for intra-abdominal infections and must be monitored 
carefully.1°,1l,99,130,137-145 In the absence of published 
prospective randomized studies on the subject (with one ex
ception 155), no specific recommendations regarding a partic
ular perioperative antimicrobial prophylactic regimen can be 
given. 156 However, based on the available evidence and the 
author' s experience, it seems prudent to administer a broad
spectrum antibiotic agent perioperatively for the first 5 days 
posttransplant. This broad-spectrum antibiotic agent should 
be supplemented by antifungal prophylaxis with fluconazole 
for the first 7 days posttransplant. If the donor duodenal cul
ture results demonstrate the presence of fungi, the duration of 
the antifungal prophylaxis may need to be extended. 

Leaks 

Despite over three decades of improvements and refinements 
of surgical technique, posttransplant leaks remain a clini
cally significant entity, in particular because they are a risk 
factor for intra-abdominal infections. IO,147 In case series of 
bladder-drained grafts, reported leak rates range from 5% to 
18%.10,99,100,134,147,157-161 For enteric-drained case series, 
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leak rates of 4% to 9% have been reported.31.35,134 However, 
if leaks are recognized in a timely fashion and managed ap
propriately the impact on graft and patient survival in the cur
rent era is minimal, in particular for bladder-drained grafts. 
According to the most recent UNOS pancreas registry report, 
leaks are now responsible for less than 1 % of all graft los ses. 11 

With whole-organ grafts, early leaks occur typically at the 
duodenovesical or duodenoenteric anastomosis, while late 
leaks (after 4 weeks posttransplant) arise more frequently 
from the oversewn or stapled duodenal stumps and duodenal 
segment ulcers. In a large review of bladder-drained grafts, 
36% of allleaks were at the duodenocystostomy site, 28% at 
one of the duodenal stump sites, and in 36% the exact leak 
site could not be identified because of conservative treatment 
or indeterminate diagnostic studies. 157 

For clinical, therapeutic, and outcome analysis purposes, dif
ferentiating between bladder- and enteric-drained grafts is im
portant. Bladder-drained graft leaks are associated with a lower 
rate of serious infectious complications and a more benign clin
ical course. In contrast, recipients of enteric-drained graft leaks 
tend to develop early peritonitis and sepsis due to spillage of 
enteric contents. This note of caution is underscored by the (sta
tistically nearly significant) higher rate of graft loss from anas
tomotic leaks for enteric-drained (vs bladder-drained) grafts in 
the SPK and PAK categories, per arecent UNOS pancreas reg
istry analysis (SPK, 0.8% enteric vs 0.3%, bladder [P = 0.088]; 
PAK, 1.0% enteric vs 0.0%, bladder [P = 0.077]).11 

Bladder-Drained Grafts 

Leaks can be divided into early and late leaks.147,157,160 Early 
leaks occur within the first 4 weeks posttransplant. For whole
organ grafts, they are related either to the duodenocystostomy 
itself or, less frequently, to one of the oversewn ends of the graft 
duodenum. In segmental grafts, the leak is located at the pan
creaticocystostomy. Leaks often have a technical cause. Ade
quate anastomotic technique, using a two-layer technique as in
dicated, is paramount. Moreover, a two-layered closure 
technique for the duodenal stumps of whole-organ grafts might 
minimize duodenalleak rates as weIl. Longer preservation times, 
severe reperfusion duodenitis, and poor wound healing in im
munosuppressed recipients can be co-risk factors for early 
leaks.64 Recent reports suggest that up to 70% of alllong-term 
diabetics have high intravesical pressures, with or without blad
der outlet obstruction 162,163; these pressures may also playa role 
in the pathogenesis of postoperative leaks in bladder-drained 
pancreas recipients. A rare cause of immediate posttransplant 
leak of amylase-rich fluid is an unligated common bile duct 
stump at the superior border of whole-organ pancreas grafts. 

In contrast, late leaks (after 4 weeks posttransplant) origi
nate most frequently from the graft duodenum. 157,160 Typically, 
they are caused by duodenal ulceration and perforation. 157,160 
In some recipients, the ulceration is due to CMV infection. If 
no infectious cause can be ascertained, ulceration and perfora
tion may be due to ischemia. Noninfectious perforations occur 
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most frequently at the antimesenteric proximal duodenal bor
der, which is the most distal area supplied by the inferior pan
creaticoduodenal artery.157,160,161 (The gastroduodenal artery is 
routinely ligated in whole-organ pancreas recipients.) A blad
der instrumentation complication (e.g., an injury during cysto
scopic staple removal, a transcystoscopic pancreas biopsy com
plication) is a rare cause of a leak. At least one case of duodenal 
rupture due to rejection and necrosis, presumably due to iso
lated duodenal rejection (in the absence of pancreas graft re
jection), has been reported. I64,165 

Presenting symptoms of early and late leaks include abdomi
nal pain, abdominal distention, fever, vomiting, decreased urine 
output, peritonitis, and improvement after placement of a Foley 
catheter.1O,147,157 Laboratory tests may demonstrate a rise in 
serum amylase levels in up to 50% of recipients, a rise in serum 
creatinine level in up to 33% of recipients, and a decrease in 
urinary amylase levels in up to 40% of recipients. 157 If the leak 
occurs early and the recipient still has posttransplant drains in 
place, the amylase and creatinine levels of the drain fluid may 
be elevated. Note that bladder-drained recipients may selectively 
leak amylase-rich fluid if they have a duodenal stump or com
mon bile duct stump leak; drain fluid creatinine and serum cre
atinine levels may not be affected in such recipients. 

During the workup of abladder leak in SPK recipients, it 
is important not to focus exclusively on a pancreas-related 
cause. The differential diagnosis process must also include 
any early ureteral anastomotic leak of the kidney graft. 

A definitive diagnosis can usually be made by an imaging 
study. But, in one series low-pressure cystography had only a 
sensitivity of 82%.157 Computed tomography with retrograde 
filling of the bladder is more accurate, so it is the imaging modal
ity of choice.161,166,167 If a leak is clinically suspected but the 
CT scan is negative, a low-pressure cystogram or voiding cys
tourethrogram should be done. Some investigators believe that 
voiding cystourethrography is superior to conventional cystog
raphy.160 The diagnosis may also be established using a nuclear 
medicine 99mTc voiding cystourethrogram; it was suggested that 
this test has the highest sensitivity of all imaging modalities. 168 
If all studies are negative, but an intra-abdominal fluid collec
tion is demonstrated by ultrasonography or a CT scan in a pa
tient suspected of having a leak, then the fluid collection should 
be percutaneously aspirated and the fluid amylase and creati
nine levels should be determined (as discussed above). 

The treatment of leaks of bladder-drained grafts depends 
on the timing of the leak. Early leaks, in particular if they are 
small and anastomotic, may be treated by prolonged bladder 
decompression using Foley catheterization; under those cir
cumstances, percutaneous drainage of all intra-abdominal 
fluid collections is mandatory. Similar microbiologic culture 
results from the urine and aspirate are pathognomonic for a 
leak. This approach is successful in about 30% of all recipi
ents. 157 For most infected leaks and for leaks that persist af
ter a nonoperative treatment attempt, relaparotomy with di
rect repair is warranted. The adequacy of the repair can be 
ascertained intraoperatively by filling the bladder with meth-
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ylene blue diluted in saline solution. High-volume postoper
ative leaks, in particular in the presence of peritonitis or mas
sive abdominal distention, require immediate relaparotomy 
and surgical repair. On occasion, if the leak is due to early 
duodenal ischemia, early enteric conversion is necessary af
ter resection of the ischemic duodenal area. If most of the 
duodenum is ischemic and must be resected, the duodenal but
ton technique (which leaves only a rim of about 2 to 3 cm in 
diameter of duodenal tissue around the papilla of Vater) 
should be considered. 139 

Late leaks, irrespective of their cause, usually require con
version to enteric drainage.99,157,160 If CMV infection can be 
documented histopathologically or by polymerase chain re
action (PCR) as the cause of duodenal u1ceration, a con
comitant treatment course with IV gancic10vir is warranted. 

Overall rates of graft loss after leaks are relatively low. In 
one large single-center review of leaks in bladder-drained re
cipients, 29% were treated conservatively (with a 16% non
operative treatment failure rate), 57% underwent a primary 
repair (with a 9% failure rate), and 14% underwent a graft 
pancreatectomy. Eventually, 17% required conversion to en
teric drainage. 157 

Enteric-Drained Grafts 

Leaks in enteric- vs bladder-drained grafts are a potentially more 
catastrophic event. Therefore, a high index of suspicion and ag
gressive workup of any enteric-drained recipient suspected of 
having a leak are paramount. Prompt and definitive treatment 
of the underlying pathology, without delay once it is diagnosed, 
is crucial. Typically, early leaks are anastomotic leaks, most fre
quently from the duodenojejunostomy. Other duodenal techni
cal complications that can result in early leaks are discussed 
above (see Bladder-Drained Grafts). Ifthe Roux-en-Y technique 
was used, leaks of the jejunojejunostomy must also be enter
tained, although they are rare given the excellent blood supply 
of the native small bowel. Risk factors for early leaks inc1ude, 
anastomotic tension on the entero-enterostomy, severe reperfu
sion duodenitis (resulting in a tenuous duodenojejunal anasto
mosis), and use of steroids and other immunosuppressants. Late 
leaks are frequently due to duodenal perforation, secondary to 
infectious or ischemic u1cers (see Bladder-Drained Grafts). 

A rare cause of a pancreatic leak (pancreaticocutaneous fis
tula) is the removal of a pancreatic duct catheter. However, this 
complication is mostly of historic interest.169 The insertion of 
a temporary, extemalized catheter into the pancreatic duct of 
segmental enteric-drained grafts for early postoperative graft 
monitoring has long been replaced by other techniques. 

Clinical symptoms inc1ude abdominal pain, peritonitis, ileus, 
fever, leukocytosis, and hyperamylasemia. The most important 
diagnostic test is abdominal CT with oral contrast administra
tion. But, even with this imaging modality the leak may be 
difficult to document. Therefore, if an enteric leak is suspected 
the threshold for diagnostic relaparotomy must be low in 
enteric-drained recipients. Treatment of leaking enteric-drained 
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grafts always mandates surgical reexploration. If the graft duo
denum is not compromised, the leaking area is well circum
scribed, and there is no diffuse peritonitis, primary repair may 
be attempted. If the primarily employed technique (at the time 
of the transplant) was a side-to-side duodenojejunostomy, the 
creation of a Roux-en-Y loop should be considered to exc1ude 
the anastomosis and repair site from the fecal stream. If the 
duodenum is severely compromised (e.g., because of ischemia) 
and needs to be resected, graft salvage can still be attempted 
in selected recipients-but only if there is no generalized peri
tonitis and the recipient is c1inically stable and does not have 
sepsis. Resection of the pancreatic head and pancreatic duct in
jection with a polymer may be an option.54a Placement of sur
gical drains should be routine after such interventions. In the 
face of systemic sepsis or severe peritonitis, a graft pancreate
ctomy remains the safest option. In one recent case series, trans
plant pancreatectomy rate was 55% after duodenal segment 
leaks of enteric-drained grafts.169a Only rarely should creation 
of a temporary diverting enterostomy and mucus fistula be
come necessary (e.g., if primary small-bowel reanastomosis af
ter graft pancreatectomy is too unsafe secondary to severe peri
tonitis and inflarnmation). 

Graft Pancreatitis, Pancreatic 
Pseudocysts, and Pancreatic Fistulas 

Pancreatitis 

Pancreatitis, defined as prolonged posttransplant hyperamyla
semia, is observed early posttransplant in up to 35% of all 
pancreas recipients. 107 Complications of graft pancreatitis in
c1ude pancreatic abscesses, sterile and infected pancreatic 
necrosis, peripancreatitis with perigraft infection, pancreatic 
fistulas, sterile and infected peripancreatic fluid collections, 
and sterile and infected pseudocysts. In contrast to native pan
creatitis, graft pancreatitis is often associated with significant 
peripancreatitis, even when the pancreas graft is only mildly 
inflamed. Pancreatitis is significant not only because it is com
monly associated with infection 11 but also because it is a ma
jor risk factor for graft thrombosis-the surgical complica
tion currently causing most technical graft losses. 63,64,66 

However, determining the true incidence and nature of post
transplant pancreatitis is extremely difficult because of the lack 
of a uniformly accepted definition. Moreover, there is no c1as
sification scheme for graft pancreatitis, such as the Atlanta c1as
sification system for native pancreatitis. 170 Pancreatitis is read
ily apparent intraoperatively. But, its diagnosis remains elusive 
and vague once the recipient' s abdomen is c10sed and direct 
visual inspection by the transplant surgeon is no longer possi
ble. Serum markers such as amylase and lipase correlate poorly 
with the severity of pancreatitis. Other surrogate markers, such 
as the C-reactive protein (CRP), during the first days after im
plantation can be helpful for retrospective analysis but may be 
less useful for following the graft clinically on a day-to-day ba
sis and making real-time c1inical decisions. 
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Pancreatitis is best assessed with modem imaging modali
ties such as contrast-enhanced CT. However, CT is expen
sive, too cumbersome to be repeated frequently (e.g., daily) 
for follow-up, and requires administration of nephrotoxic and 
potentially allergogenic IV contrast agents. Analyzing the 
causes and consequences of pancreatitis is also hindered by 
the fact that a substantial proportion of vascular thromboses, 
for which ischemia-reperfusion pancreatitis is thought to be 
a significant risk factor, occur early (i.e., within the first 24 
to 48 hours posttransplant).7 Thus, little or no time is avail
able to measure serum amylase, lipase, and other parameters. 
Given the currently available clinical diagnostic means, it is 
virtually impossible to analyze the impact of pancreatitis on 
outcome in recipients with early graft 10ss.7 

Another difficulty is that pancreatitis is so frequently as
sociated with infection that it is hard to deterrnine which of 
the two complications arose first. The UNOS pancreas trans
plant registry reports do not even list pancreatitis as a sepa
rate technical failure cause but rather analyze pancreatitis to
gether with infection. l1 Arecent large, single-center study on 
surgical outcomes of nearly 600 pancreas transplants did not 
even list pancreatitis as a cause of surgical complications and 
technical failures.4o 

Pathogenesis and Etiologies 

An important immunologic cause of pancreatic inflarnmation, 
acute rejection, is discussed extensively in chapter 11. 

Impairment of microcirculation is a significant factor in the 
development of pancreatitis.62,171,172 The ischemia caused by 
preservation and postreperfusion microcirculatory impairment 
causes exhaustion of the energy metabolism and tissue acido
sis, leading to the development of oxygen-free radicals.171 As 
a result, the strict compartmentalization necessary for acinar 
cell integrity (to prevent premature activation of proenzymes) 
is disturbed, The impaired cell integrity, with an imbalance of 
proteases and antiproteases caused by hypoxia, can then lead 
to activation of the lysosomal system, resulting in crinophagy 
and acinar cellular necrosispl Vasoconstriction, intravascular 
coagulation, and increased endothelial permeability may all re
sult in pancreatic edema, which in turn can impair venous 
drainage and further worsen microcirculation.7,8,10 Thus, al
though the causes of graft pancreatitis differ from those of na
tive pancreatitis the final pathogenetic pathway leading to pan
creatic inflarnmation and necrosis appears to be similar. 

Risk factors for pancreatitis include donor risk factors 
(hemodynamic instability, vasopressor administration), pro

curement injury, perfusion injury (excessive amounts of 
flush volume or perfusion pressure ), preservation injury as
sociated with extended preservation times, and reperfusion 
injury,7,8,10,62-64,66 

Clinically, pancreatitis caused by ischemia-reperfusion in
jury must be distinguished from pancreatitis caused by im
paired pancreatic duct outflow and pancreatitis caused by in
fections. One study suggested that nutrition, alcohol intake, 
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mental stress, and mechanical trans abdominal irritation of the 
pancreas graft mayaiso cause pancreatitis. 173 Surprisingly, 
despite the multitude of medications given to pancreas recip
ients, drug-induced pancreatitis is rare in this population. Of 
note, arecent single-center study suggested higher graft pan
creatitis rates in recipients treated with sirolimusp3a 

After the immediate posttransplant period, the most impor
tant cause of pancreatitis during the first few weeks to years 
posttransplant is temporary or permanent pancreatic duct out
flow impairment. Relatively rarely, technical and surgical prob
lems may cause narrowing of the pancreatic duct in both seg
mental and whole-organ grafts. In segmental grafts, pancreatic 
duct outflow obstruction may be due to stenosis of the duct -to
urothelium or duct-to-bowel mucosa anastomosis. 174 In whole
organ grafts with a duodenal segment, the minor or major papilla 
may be compromised by the closing stitches applied to the prox
imal or distal duodenal end. Or, the culprit may be the duode
nocystostomy or duodenoenterostomy on the antimesenteric 
border if the duodenal circumference is relatively small and the 
suture bites used to create the anastomosis are relatively large, 
inverting a significant amount of duodenal wall and narrowing 
the papillae. Also, several cases of ampullary obstruction due 
to rejection and postbiopsy edema have been reported. 174a Fi
nally, stenosis of the duodenovesical or duodenoenteric anasto
mosis (due to surgical error or chronic fibrosis) may also on oc
casion be responsible for pancreatic duct outflow impairment. 

Causes of impaired pancreatic duct outflow unique to blad
der-drained pancreas grafts include "urinary reflux" in at least 
10% of all pancreas recipients and, rarely, vesical or duode
nal urolithiasis. 160,161,175 Note that reflux pancreatitis may be 
a misnomer. The name suggests that urine refluxing into the 
pancreatic duct ofbladder-drained grafts leads directly to pan
creatitis, but this has never been proven conclusively. The true 
cause may, in fact, be a secretory block caused either by re
flux of urine into the pancreatic duct and its ramifications or 
by high intravesical and high intraduodenal pressures. Such 
pressures may result from, for example, a neurogenic diabetic 
bladder or a urinary outflow obstruction, especially in male 
recipients (see Urologic Complications).161-163 Reflux pan
creatitis in bladder-drained grafts has been well characterized, 
but its significance in enteric-drained grafts is unknown. In 
particular in enteric-drained whole-organ grafts using the 
side-to-side duodenoenterostomy technique, the pancreatic 
duct outflow may be interrnittently impaired by the recipi
ent's fecal stream. In bladder-drained recipients, urolithiasis 
can also cause pancreatic duct outflow obstruction. At least 
one case report described a stone in the bladder and graft duo
denum that formed on the nidus of an intravesically protrud
ing nonabsorbable suture. 175 This rare cause of pancreatitis 
must be considered if no other cause can be found. 

Other relatively rare etiologies of pancreatitis include 
biopsy complications and bacterial and viral (e.g., CMV) in
fections. 175a,175b,176 One case series on pancreas recipients 
with CMV infection suggested that late intrapancreatic abscesses 
were more common in recipients with CMV infection.176 
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Given the amount of mechanical trauma inflicted On a pan
creas during procurement and its manipulation during back
table preparation and implantation, it is surprising that more 
severe episodes of postreperfusion graft pancreatitis are not 
seen. Clinically, severe courses of pancreatitis are rare. A par
tial explanation may be that the transplanted (vs the native) 
pancreas is intraperitoneally located, allowing absorption of 
peripancreatic fluid and interaction with the host' s peritoneal 
immune defense system. 

Clinical Presentation and Diagnosis 

A large proportion of pancreatitis episodes occur early post
transplant and are related to ischemia-reperfusion injury. Im
portantly, they can be associated with infectious complications. 
Late pancreatitis, after the fIrst month posttransplant, is more 
commonly caused by reflux pancreatitis in bladder-drained 
grafts and CMV infection in bladder- and enteric-drained grafts. 

The diagnosis of pancreatitis is based On hyperamylasemia 
in combination with abdominal pain and tenderness over the 
pancreas graft. In more severe cases of pancreatitis, the c1in
ical presentation may also inc1ude nausea, vomiting, and ileus. 
Abdominal distention may be caused by pancreatic ascites or 
ileus secondary to peripancreatic inflarnmation. In severe 
cases of graft pancreatitis, recipients may become hemody
namically unstable and even develop an acute respiratory dis
tress syndrome (ARDS). In bladder-drained grafts, the timed 
urinary amylase output often decreases markedly during pan
creatitis episodes. However, the endocrine secretory capacity 
is often preserved, even in cases of severe pancreatitis, so that 
hyperglycemia is only an unreliable indicator of pancreatitis. 
CRP level can be elevated with pancreatitis, but unfortunately 
it is only a relatively unspecifIc sign. 

Laboratory tests that should be done inc1ude amylase, li
pase, and CRP. Foley catheter insertion should be part of the 
diagnostic workup in any bladder-drained recipient with graft 
pancreatitis. In cases of signifIcant graft pancreatitis, the de
gree of inflammation and presence of pancreatic necrosis can 
best be assessed by CT. Appropriately timed administration 
of the IV CT contrast bolus enables assessment of the via
bility and perfusion of pancreatic parenchyma. Magnetic res
onance imaging (MRI) may be an alternative for selected re
cipients, especially if peripancreatic fluid collections are to 
be assessed as weIl. Other causes of hyperamylasemia (such 
as rejection, leak, intragraft AVF, true graft aneurysms, and 
pseudoaneurysms) must be ruled out if no suffIcient expla
nation for hyperamylasemia is found on c1inical and imaging 
studies. Graft biopsy can diagnose CMV pancreatitis by 
demonstrating histopathologic findings specific for CMV in
fection (e.g., CMV inc1usion bodies).175a 

Treatment 

Treatment of pancreatitis is dictated by the underlying cause. 
Of note, the cessation of all oral intake has a similar effect 
on the pancreas graft and native pancreas. I77,178 Significant 
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ischemia-reperfusion pancreatitis is best treated by bowel rest 
and insertion of a nasogastric tube. On occasion, parenteral 
nutrition is necessary. However, instituting total parenteral 
nutrition and stopping enteral feeding has never been con
c1usively proven to be effective in treating graft pancreatitis. 
Nevertheless, at least in cases of severe pancreatitis, such a 
regimen, at least temporarily, is prudent. These conservative 
measures should suffIce, in most cases, to control the symp
toms. Other conservative approaches that have been suggested 
to inhibit pancreatic exocrine secretions (but have never been 
proven in controlled trials) inc1ude atropine, carboxyanhy
drase inhibitors, glucagon, calcitonin, H2 blockers, and oc
treotide. 178 Recipients with severe hemorrhagic pancreatitis 
may benefit from having peripancreatic drains inserted, with 
or without a planned relaparotomy for pancreatic debride
ment. At the least, a follow-up CT scan with IV contrast 
should be obtained. All these therapeutic approaches are em
pirical and have not been tested in prospective randomized 
studies. In cases of severe graft pancreatitis, especially if as
sociated with refractory inflarnmation and persistant pancre
atic ascites, or with signifIcant and potentially life-threaten
ing systemic complications (e.g., ARDS) and infection, 
removal of the graft may be the only viable option. 

Pancreatic duct obstruction as a result of a surgical mishap 
is rare but requires areoperation to address the underlying 
technical problem. 

Reflux pancreatitis in bladder-drained recipients is best 
treated with insertion of a Foley catheter and serial serum 
amylase level measurements. Insertion of a Foley catheter is 
also the diagnostic modality of choice for this problem. A uri
nary tract infection (UTI), which may cause urinary outflow 
obstruction, must also be ruled out. Treatment of the UTI may 
suffIce to promote adequate bladder emptying and prevent 
further reflux pancreatitis episodes. 

Repetitive episodes of reflux pancreatitis in bladder
drained graft recipients, especially if outflow obstruction of 
the urinary tract and a UTI have been ruled out, are best treated 
by conversion to enteric drainage. In one large series, reflux 
pancreatitis was the indication for conversion to enteric 
drainage in 19% of the recipients.21 

Pancreatic duct obstruction caused by other problems (such 
as urolithiasis) is addressed by treating the underlying prob
lem, i.e., removing the bladder stone or duodenal stone.175 

Infectious pancreatitis is treated with anti viral agents, as in
dicated. 175a,175b It is self-evident that any peripancreatic in
fections associated with pancreatitis (e.g., peripancreatic ab
scesses, infected pseudocysts) mandate appropriate surgical 
or radiological intervention as well as antimicrobial treatment. 

The use of the somatostatin analog octreotide to treat es
tablished pancreatitis has been attempted. One study reported 
on the selective use of octreotide in pancreas recipients: The 
drug was begun at a mean of 29 days posttransplant and given 
for a mean of 13 days.107 Nonetheless, 57% of the solitary 
pancreas recipients in that series lost their grafts to infections 
and pancreatitis. 107 Clearly, more doubled-blinded, random-
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ized prospective trials are necessary before routine use of oc
treotide can be recommended for recipients with pancreatitis. 
Octreotide must be carefully considered in this particular pa
tient population because it can diminish graft blood flow, 
cause glucose intolerance and hyperkalemia, and adversely 
affect cyc1osporine blood levels in recipients on oral cy
c1osporine.179-182 

In the absence of effective therapies for pancreatitis, in par
ticular if it was caused by ischemia-reperfusion injury, pre
vention is the best option. The key is to choose donors with 
stable hemodynarnics and minimal vasopressor and vaso
pressin administration requirements. Empiric observations 
suggest that mannitol, when administered intravenously be
fore and after reperfusion of the pancreas graft, may reduce 
early graft edema. One small retrospective series suggested 
that high-dose steroid administration to brain-dead donors 
may decrease the incidence of postreperfusion pancreatitis 
and even ameliorate graft thrombosis rates.63 Experimental 
animal models have suggested that various agents, such as the 
thromboxane A2 synthesis inhibitor OKY046183.I84 and the 
platelet activated factor inhibitor BN-52021, 185 may favor
ably influence postreperfusion graft pancreatitis; however, 
c1inical testing has not been done. Calcium channel blocker 
administration, which has been successful c1inically in kid
ney recipients (by preoperative graft perfusion with dilti
azem), may be beneficial in pancreas recipients. In one small 
retrospective study, the incidence of pancreatitis significantly 
decreased when calcium channel blockers were administered 
immediately posttransplant. 63 Another single-center report on 
the prophylactic perioperative use of octreotide, although it 
involved a limited number of recipients, suggested a favor
able impact on pancreatitis and its sequelae.106 However, be
fore any of these proposed pharmacological interventions can 
be recommended on a routine basis, prospective randomized 
trials are necessary. 

Impaired microcirculation is one of the main factors in the 
clinically relevant ischemia-reperfusion pancreatitis.7.8,lO,171.I72 
Therefore, several investigators have focused, in experimen
tal small- and large-animal models, on the use of dextran, L
arginine, and N-acetylcysteine to improve postischemic mi
crocirculation.186-188 In particular, the role of nitric oxide 
(NO) in ischemia-reperfusion injury and the development of 
microcirculatory postreperfusion failure is under intense 
scrutiny.187,189 Nitric oxide has beneficial effects not only by 
causing vasodilatation and increasing blood flow but also by 
inhibiting granulocyte adhesion and platelet aggregation. So, 
it is not surprising that encouraging results have been obtained 
in animal models with substances that increase NO levels, 
such as L-arginine and sodium nitroprusside. 187,189 However, 
such therapy awaits c1inical testing, which may be hampered 
because the L-arginine and sodium nitroprusside cause sys
temic hypotension. 187,189 Further study is needed of the ef
fect on organ donors of desmopressin, a synthetic analogue 
of the natural hormone vasopressin.62 Desmopressin impairs 
microcirculation by increasing leukocyte adhesion and en-
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hancing platelet P-selectin expression.62 It also induces en
dothelial von Willebrand factor release and may adversely af
fect intrapancreatic coagulation.62 Future c1inical research on 
this subject may help determine whether pancreatitis can be 
prevented by avoiding or minimizing the use of inotropes and 
desmopressin in brain-dead organ donors. 

Pancreatic Pseudocysts 

The true incidence of pancreatic pseudocysts is difficult to 
determine. Not every pancreatic fluid collection documented 
by posttransplant imaging is a true pseudocyst. Nonabsorbed 
peripancreatic, peritoneal, or lymphatic fluid collections may 
be mistaken for pseudocysts.20 Other causes of peripancreatic 
fluid collections inc1ude hematomas and abscesses.20 Peri
pancreatic fluid collections have been observed in up to 20% 
of all pancreas recipients.5,190,191 Such collections may occur 
more often in duct-occ1uded segmental grafts.2 The true inci
dence of symptomatic pseudocysts is probably less than 10%. 

From an etiologic and, in particular, therapeutic standpoint, 
pseudocysts that still have a connection with the pancreatic 
ductal system must be distinguished from other peripancre
atic fluid collections (inc1uding pseudocysts) that do not com
municate with the pancreatic ductal system. 

Clinically, pseudocysts can present with hyperamylasemia, 
hemorrhage, infection, and local symptoms such as tender
ness and distention. 

The diagnosis can be established with an imaging modal
ity such as ultrasound, CT, or MRI.20,190,191 In general, ul
trasonography alone does not exactly delineate the anatomic 
configuration of pseudocysts. So, before proceeding with ther
apeutic planning, cross-sectional imaging by CT or MRI is 
indicated. If imaging results are equivocal (e.g., in the case 
of a complex pseudocyst with multiple septations and an in
homogeneous appearance), pseudocysts can be differentiated 
from hematomas or abscesses by deterrnining the amylase in 
the cyst fluid after cyst aspiration or drainage. Markedly el
evated amylase levels are more consistent with a pseudocyst. 
Aspiration and drainage also perrnit cyst fluid culturing and 
may help exc1ude infections. 

Diagnostic imaging must also try to establish whether the 
pseudocyst is communicating with the main pancreatic duct. 
If it is, ductal obstruction or, in bladder-drained recipients, 
repetitive bouts of reflux pancreatitis must be ruled out. Oth
erwise, the pseudocyst may not be amenable to definitive 
treatment. The study of choice to demonstrate communication 
with the pancreatic duct is contrast injection into the cyst cav
ity through a puncture needle or temporary drain. 

The strategy for treating peripancreatic pseudocysts and 
fluid collections follows several principles. For pseudocysts 
of the native pancreas, the tendency over the past years has 
been to intervene therapeutically only if complications de
velop, such as infections, hemorrhage, or perforation. In fact, 
an expectant attitude has become the therapeutic mainstay. 
But, in pancreas recipients this approach must be tempered 
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somewhat because pseudocysts and other peripancreatic fluid 
collections may be, or may become, bacterially contaminated. 
In addition, pancreas recipients are immunosuppressed and as 
such more prone to develop infectious complications. 

All symptomatic and large asymptomatic pseudocysts and 
peripancreatic fluid collections should, therefore, be aspirated. 
If there is any doubt about the quality of the cyst fluid, and if 
an infection cannot be ruled out at the time of the aspiration, 
it is safe and prudent to leave a catheter in place. The amy
lase level in the cyst fluid can then be determined, and bacte
rial and fungal cultures can be obtained. If the main pancre
atic duct of the graft communicates with the pseudocyst with 
preferential exocrine secretion drainage through the cyst cav
ity into the drainage catheter, additional diagnostic radiologi
cal studies must be obtained, such as a contrast injection, to 
rule out obstruction of the main pancreatic duct. In bladder
drained pancreas recipients, this situation mandates Foley 
catheter insertion and a cystogram to rule out an obstruction 
of the duodenocystostomy. Any underlying infection must be 
treated with appropriate antibiotics. A substantial proportion 
of pseudocysts and peripancreatic fluid collections will re
spond to these measures. Percutaneous drainage may be in par
ticular effective for pancreatic pseudocysts that communicate 
with anormal pancreatic duct and for noninfected and infected 
noncommunicating pseudocysts and peripancreatic fluid col
lections. About 50% of all pseudocysts and peripancreatic fluid 
collections are amenable to this conservative treatment.190 

Treatment other than simple cyst aspiration or drainage 
(i.e., an operation) is indicated from the outset in case of com
plications, namely, hemorrhage, cyst perforation, or a symp
tomatic pseudocyst that is refractory to repetitive nonopera
tive intervention. Recipients who have a pseudocyst that 
communicates with a stenotic proximal pancreatic duct should 
initially undergo a percutaneous catheter placement and then 
must be considered for a definitive operative drainage proce
dure. As with native pancreatic pseudocysts, internal drainage 
is the procedure of choice. For bladder- and enteric-drained 
grafts, internal drainage may involve creating a cyst jejunos
tomy.l92 For bladder-drained grafts with cysts in the vicinity 
of the bladder, percutaneous creation of a cyst-cystostomy 
has been described as an alternative in at least one pancreas 
recipient. 193 

Pancreatectomy should only rarely be necessary for 
pseudocysts that do not respond to the nonoperative and op
erative treatment outlined above, in particular complicated 
pseudocysts with infection or major hemorrhage due to ero
sion of large pancreatic or peripancreatic blood vessels. 

Overall, if pseudocysts and peripancreatic fluid collections 
are managed appropriately, graft and patient survival rates are 
not affected significantly. 

Pancreatic Fistula 

Pancreatic fistulas in whole-organ grafts have become rare, 
occurring in less than 5% of all cases. In contrast, in the early 
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experience with duct-injected segmental grafts they were ob
served in as many as 50% of all pancreas recipients.2,74,194 In 
the past, fistulas were also rarely caused by removal of pan
creatic duct drainage catheters from segmental pancreas 
grafts.2,169 Currently, in the era of whole-organ pancreas 
transplants fistulas are most commonly the sequela of pan
creatitis, with or without pseudocyst formation. Exocrine se
cretions from the native pancreas can total about 1.5 Lid; het
erotopically transplanted, denervated grafts still produce as 
much as 700 to 800 mL of pancreatic juice per day.195 

The c1inical presentation is obvious, with a fistula draining 
amylase-rich pancreatic juice. 

Diagnostically, a fistulogram obtained by direct injection 
of the fistula with contrast delineates the anatomy of the fis
tula and may demonstrate a communication with the pancre
atic duct. A fistulogram can also help rule out an obstruction 
ofthe main pancreatic duct. 174,174a In addition, cross-sectional 
imaging studies such as CT or MRI are valuable: They can 
rule out underlying abscesses or infected peripancreatic fluid 
collections that may perpetuate the fistula and thwart conser
vative treatment. 

Therapeutically, an initial conservative treatment attempt is 
warranted, inc1uding discontinuing all oral intake and begin
ning total parenteral nutrition. Doing so can reduce the total 
amount of exocrine secretions of the pancreas graft to about 
one fourth of normal. 177,178 Any associated infection must be 
treated (e.g., percutaneous abscess drainage, appropriate IV 
antibiotics). In bladder-drained recipients, it is also prudent to 
insert a Foley catheter to definitively rule out reflux pancre
atitis. A number of substances-inc1uding H2 blockers, at
ropine, carboxyanhydrase inhibitors, glucagon, calcitonin, and 
enterally administered pancreatic enzymes--can inhibit pan
creatic exocrine secretions, but only the somatostatin analog 
octreotide has a proven c1inical effect on the native pan
creas. 177,196,197 Octreotide has also been used in recipients with 
fistulas posttransplant.180-182,198 In at least one recipient, a per
sistent pancreatic fistula was successfully treated with oc
treotide and direct injection of fibrin glue into the fistula. 82 
Potential drawbacks of that approach inc1ude thromboembolic 
complications from an inadvertent intravascular fibrin glue in
jection. Moreover, as discussed above (see Pancreatitis), oc
treotide has several drawbacks, inc1uding COSt.179-182 

The rare recipient for whom conservative treatment fails 
must undergo a relaparotomy. Depending on the fistula 
anatomy and location, and the presence or absence of pan
creatic duct outflow obstruction, revision of the pancreatico
cystostomy or enterostomy (in case of segmental grafts) or an 
internal drainage procedure using a limb of defunctionalized 
small bowel (Roux-en-Y) may be indicatedp4,199 

Often, treatment of pancreatic fistulas requires a prolonged 
treatment period and a significant amount of patience on both 
the surgeon' s part and the recipient' s part. In rare cases, af
ter failure of all other conservative strategies and, in particu
lar in the face of associated intra-abdominal infections, trans
plant pancreatectomy may be the only definitive treatment. 
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Bleeding 

Significant intra-abdominal bleeding after pancreas trans
plants is one of the most frequent indications for a relaparo
tomy. One large single-center review of transplants during the 
cyc1osporine era reported a relaparotomy incidence of 13% 
for bleeding.8 A more recent case series from the same insti
tution during the tacrolimus era noted that bleeding remained 
the most common indication for a relaparotomy in 7% of all 
pancreas recipients.40 Fortunately, the overall impact of 
bleeding on graft survival is comparatively benign. Accord
ing to the most recent UNOS pancreas registry report, only 
0.2% of all pancreas grafts (regardless of recipient category) 
are currently lost to bleeding. 11 In nonuremic PT A recipients 
and enteric-drained PAK recipients, not even a single graft 
was lost in the United States over the 4-year period of 1997 
through 2000.1 1 

Clinically, it is important to distinguish between intra
abdominal, vesical, and gastrointestinal bleeding. 

Intra-Abdominal Bleeding 

Early Bleeding 

Most significant early posttransplant intra-abdominal bleed
ing is surgical. It typically derives from the vascular anasto
moses or unligated peripancreatic or pancreatic blood vessels. 
On occasion, diffuse early bleeding may occur from the pan
creas graft without any obvious surgieal bleeding source. Such 
bleeding is in partieular common if the recipient' s coagula
tory system is deranged (e.g., after a long transplant proce
dure in SPK recipients during which large fluid volumes are 
administered without adequate coagulation factor or platelet 
substitution, or with vitamin K deficiency).200 A significant 
proportion of early posttransplant bleeding is caused by peri
operative anticoagulation, which is now used by many cen
ters for prophylaxis against thrombosis.1,70 However, as dis
cussed earlier (see Vascular Complications), most surgeons 
would rather return a patient to the operating room for he
mostasis and hematoma evacuation than for a graft pancrea
tectomy secondary to graft thrombosis. In the early postop
erative period, it is especially important to inc1ude venous 
pancreas or kidney graft thrombosis in the differential diag
nosis of a hemoperitoneum. This is true whenever bleeding 
from the duodenal segment of whole-organ grafts (i.e., hema
turia for bladder-drained grafts and lower gastrointestinal 
bleeding for enteric-drained grafts) or from the transplant 
ureter (i.e., hematuria) is observed. 

Once bleeding or a significant intra-abdominal hematoma is 
diagnosed, any underlying abnormality of the coagulation pro
file should be corrected.200 If the bleeding persists, the recipi
ent should undergo re-exploration. Re-exploration for bleeding 
must not be delayed because prolonging hemodynamic insta
bility or anemia in recipients with a high incidence of pre-ex
isting coronary artery disease is not warranted from a cardio-
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vascular perspective.55,56 Moreover, a large hematoma can 
serve as an ideal agar for bacteria, resulting in an intra-ab
dominal infection that may have deleterious consequences for 
graft and patient survival. The evacuation of a hematoma can 
be therapeutic in itself, even if no surgieally correctable bleed
ing source is identified: The profibrinolytic factors contained 
in the c10t may self-perpetuate diffuse perigraft bleeding. 

Most cases of early postoperative intra-abdominal bleed
ing can be prevented by metieulous back-table preparation of 
the pancreas, inc1uding ligating all peripancreatic tissues and 
blood vessels.7,8 

Late Bleeding 

Signifieant and sometimes life-threatening late intra-abdom
inal bleeding is rare and can be encountered when the recip
ient has a freely ruptured mycotic arterial pseudoaneurysm, a 
ruptured true aneurysm (e.g., of the graft's splenic artery), or 
a ruptured A VF.114,118,122,126 Treatment is directed at the un
derlying cause (see Vascular Complications). On occasion, in 
SPK and PAK recipients biopsy complications may cause 
bleeding but usually does not require operative reintervention. 

Vesical Bleeding 

The differential diagnosis and treatment for early hematuria 
are discussed in detail below (see Urologie Complications). 
Briefly, early posttransplant hematuria is frequent in blad
der-drained recipients and is usually self-limiting. In most 
recipients, the management of early hematuria inc1udes in
stitution of a continuous bladder irrigation regimen. On oc
casion, cystoscopy may be necessary for hemostasis and 
bladder c10t evacuation. Venous pancreas or kidney graft 
thrombosis, as weIl as hyperacute graft rejection, must al
ways be ruled out. 

Late hematuria in bladder-drained recipients, if not caused 
by rare complications such as an A VF or a biopsy complica
tion, is often associated with duodenal complications (e.g., is
chemic u1cers, duodenal CMV infection, acute or chronie re
jection, chronic exposure to urine).157,160 As discussed below 
(see Urologic Complications), most recipients with substan
tial late hematuria will eventually require conversion to en
teric drainage. Massive bleeding into the bladder due to a rup
tured mycotic arterial pseudoaneurysm (in bladder- and 
enteric-drained recipients) warrants emergent operative rein
tervention (see Vascular Complications).113,118,121 

Gastrointestinal Bleeding 

In enteric-drained recipients, early bleeding of the duodenum 
or suture line presents as lower gastrointestinal bleeding. If it 
does not respond to conservative measures (e.g., correction 
of underlying coagulatory abnormalities or cessation of peri
operative anticoagulation),200 operative revision may be in
dicated in rare circumstances. 

For late bleeding that also presents as lower gastrointesti-
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nal bleeding in enteric-drained whole-organ recipients, the 
most common causes are ischemic duodenal u1cers, duodenal 
CMV infection, aeute and ehronie duodenal rejection, bleed
ing from the duodenoenterie anastomosis, and duodenitis.200a 
Interestingly, late bleeding is observed even in enterie-drained 
graft duodenal segments-which, unlike their bladder-drained 
counterparts, do not suffer from chronie unphysiologieal ex
posure to urine. 157,160 In cases of massive lower-gastroin
testinal bleeding, from a differential diagnostie standpoint 
erosion of a myeotie arterial pseudoaneurysm into the reeip
ient' s native intestinal system must be considered in both 
bladder- and enterie-drained reeipients.I 14,115,118 Massive 
bleeding requires expeditious workup (inc1uding a CT sean 
with IV eontrast) and emergent reintervention. For nonmas
sive bleeding, benign or malignant diseases of the recipient' s 
native intestine (in partieular eolon neoplasms) must be ruled 
out. Although upper-gastrointestinal u1cers in solid-organ re
eipients have beeome rarer with modem immunosuppres
sion,201 a gastrie or duodenal u1cer must still be ruled out if 
no lower-gastrointestinal bleeding source can be found. 
Workup inc1udes eolonoseopy: Any demonstration of blood 
exiting through the ileoceeal valve may help loealize the 
bleeding source to the upper-gastrointestinal tract or to an 
enteric-drained panereas graft. In an aeute situation, a 99mTe_ 
labeled red blood eell sean may help approximately loealize 
the bleeding souree.202 

If the bleeding persists and has been loealized to an en
terie-drained panereas graft, a relaparotomy is indieated. For 
duodenal pathology, partial or subtotal duodenal reseetion is 
indicated.200a If so little duodenal tissue is left that not even 
a duodenal button teehnique is doable, a panereas graft may 
still be salvaged by injecting the pancreatie duet with a poly
mer, thus converting the enterie-drained graft into a duet-in
jeeted graft.54a Recipients who are not amenable to a pan-
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ereas-sparing operation, as weIl as recipients with a ruptured 
myeotic arterial pseudoaneurysm, will require a graft panere
atectomy (see Vascular Complieations).1l4,118 

Urologie Complieations 

It is important to distinguish between complieations speeifi
eally assoeiated with bladder drainage, those independent of 
the exoerine seeretion drainage method, and those related to 
a kidney graft (in SPK, PAK, or kidney after panereas [KAP] 
recipients). In bladder-drained reeipients, urologie compliea
tion rates ean be as high as 80% depending on the length of 
foIlow_Up.160,161,203-205 In eontrast, urologie eomplication 
rates in enterie-drained recipients are less than 10%, similar 
to diabetie KTA recipients (as eompared with enterie-drained 
SPK and PAK reeipients) or similar to type 1 diabetics who 
do not undergo a transplant (as eompared with enterie-drained 
PTA reeipients).206 

Most urologie eomplications have no adverse effect on 
graft and patient survival as long as they are appropriately 
managed. Yet, as a group, urologie eomplieations are arguably 
the most frequent indieation for posttransplant proeedures and 
operative reinterventions, ranging from pereutaneous drainage 
to cystoscopy to relaparotomy. 

Given their surgieal relevanee, bladder leaks and reflux 
pancreatitis are discussed in separate sections above. 

Urologie Complieations in 
Bladder-Drained Reeipients 

Hematuria 

Hematuria oecurs in 11 % to 35% of all bladder-drained pan
creas reeipients and ean be divided into two eategories: early 
and late hematuria (Table 9.2.2.2).160.161,203-205 Early hema-

TABLE 9.2.2.2. Causes of posttransplant hematuria in bladder-drained pancreas recipients. 

Early hematuria «4 wk posttransplant) 

Anastomotic bleeding (suture or staple line) 
Ureteroneocystostomy bleeding (SPK recipients) 
Duodenitis (reperfusion injury, rejection) 
Foley catheter trauma 
Postbiopsy bleeding (pancreas or kidney graft) 
Pancreas graft thrombosis (venous > arterial) 
Acute pancreas graft rejection 
Reflux pancreatitis 
UTIs 
Cystitis (infectious or noninfectious) 
Urethritis 
Intragraft A VF (pancreas or kidney graft) 
Kidney graft thrombosis (venous > arterial) (SPK recipients) 

Late hematuria (>4 wk posttransplant) 

Duodenal u1cer (e.g., ischemia, CMV) 
Duodenitis (e.g., viral [CMVj, bacterial) 
Acute or chronic rejection (duodenum or pancreas graft) 
Postbiopsy bleeding (pancreas or kidney graft) 
UTI 
Cystitis (infectious or noninfectious) 
Urethritis 
Reflux pancreatitis 
Intragraft A VF (pancreas or kidney graft) 
Suture line (e.g., staple line bleeding or erosion) 
Pancreatic fistula 
Mycotic pseudoaneurysm with penetration into the bladder 

(arteriovesical fistula) 
Bladder u1cer 
Bladder stones 
Bladder and ureteral tumors 
Kidney tumors (native or transplanted kidney) 
Prostatitis 
Benign prostatic hyperplasia 
Prostatic carcinoma 
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turia occurs within the first 4 weeks posttransplant and late 
hematuria after 4 weeks. 

Early Hematuria 

Early hematuria occurs frequently. UsuaIly, it originates from 
the duodenovesical anastomosis (suture or staple line bleed
ing). On occasion, early hematuria is caused by reperfusion 
duodenitis. In most recipients, conservative care will suffice, 
consisting of insertion of a three-way Foley irrigation catheter, 
institution of continuous bladder irrigation, and cessation of 
anticoagulant and antiplatelet agent therapy. For underlying 
abnormalities of the coagulatory cascade, fresh frozen plasma 
may be needed. 

Ifbleeding persists despite these measures, cystoscopy may 
be indicated. At that time, bleeding mucosa or submucosal 
blood vessels, usually at the duodenovesical anastomosis, can 
be fulgurated. During the same intervention, any intravesical 
c10t can be evacuated cystoscopicaIly; doing so may have a 
beneficial effect on hemostasis because it allows the bladder 
to collapse and contract. In the vast majority of recipients, 
these measures will control early hematuria, even if it is se
vere. Some authors have suggested alkalinizing the continuous 
bladder irrigation solution and administering octreotide as sup
portive measures.161.207 However, such measures have not been 
tested in a prospective manner, so their clinical effectiveness 
remains unproven. Relaparotomy for early hematuria should 
only be necessary under exceptional circumstances. 

No significant differences with respect to hematuria were 
observed in one study comparing hand-sewn vs stapled duo
denocystostomies.208 Nonetheless, with stapled duodenocys
tostomies it is advantageous to oversew all staple lines from the 
inside of the bladder. A running absorbable monoftlament su
ture should be used. Oversewing will minimize postoperative 
hematuria and may prevent chronie staple exposure to urine, 
which could serve as a nidus for bladder stone formation. 

Other causes of early hematuria are listed in Table 9.2.2.2. 
Their treatment is either self-explanatory or discussed else
where in this book. 

Late Hematuria 

In most cases, late hematuria is associated with duodenal 
pathology. Cystoscopy, the diagnostic study of choice, may re
veal duodenal ulcers. They can be the result of acute or chronie 
duodenal rejection, a duodenal CMV infection, or an ischemic 
duodenal ulcer.157.160.161,165 Exact determination of the cause 
of a duodenal ulcer may be difficult unless a cystoscopic duo
denal biopsy or a histological specimen obtained at reoperation 
is diagnostic for CMV infection. Ulcers occurring on the an
timesenteric duodenal side, in particular at the proximal, post
pyloric end, have been postulated to be of ischemic etiol
ogy.157,16O,161 In whole-organ pancreas graft recipients, the 
gastroduodenal artery is ligated and the blood supply of the 
proximal duodenum depends on retrograde flow through the 
inferior pancreaticoduodenal artery and pancreaticoduodenal 
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arcade. 7 Some authors have suggested that duodenal ulcers are 
the result of multiple insults (e.g., preservation, rejection, 
chronie bladder and duodenal distention from a diabetic blad
der, ischemia).161 If the hematuria associated with duodenal ul
cers responds neither to symptomatic treatment (continuous 
bladder irrigation) nor more specific treatment (e.g., IV ganci
c10vir for CMV-related duodenal ulcers), then direct treatment 
of the bleeding ulcers by fulguration may be attempted. The 
risks associated with this approach inc1ude duodenal perfora
tion as weIl as exposure and injury of submucosal blood ves
sels in the head of the pancreas. The result can be an arterial 
duodenovesical fistula, in particular with repeated fulgura
tions.209 Most centers, therefore, prefer conversion to enteric 
drainage for treatment of duodenal pathology.157,16O,161 

The differential diagnosis of late hematuria also inc1udes a 
number of other conditions, inc1uding anastomotic suture or 
staple line bleeding, bladder stones, and cystitis with or with
out bladder mucosal ulcers. 160,161,21O,211 If the bleeding is as
sociated with a weIl-circumscribed anastomotic problem, 
stones, or foreign bodies, it is possible to treat these conditions 
cystoscopically in most cases.161 ,210,211 In contrast, recipients 
with severe cystitis and bladder ulcers usually require conver
sion to enteric drainage for definitive treatment.157,160,161 

If none of the aforementioned diagnoses can be made, rare 
causes of late hematuria that must be entertained inc1ude duo
denal rejection (acute or chronic, isolated or together with 
the pancreas),165 reflux pancreatitis, pancreatic fistula, a tu
mor of a native or a transplanted kidney, and bladder tu
mor. 157,160,161,203-205 This wide array underscores that any re
cipient with nonresolving, late, chronie hematuria should 
undergo cystoscopy.161 

Vascular complications can also present with hematuria and 
may become life-threatening if not recognized promptly and 
treated definitively. If bleeding from the pancreatic duct is 
observed during cystoscopy, an intrapancreatic AVF (e.g., 
postbiopsy or from the ligated mesenteric pedic1e) must 
be ruled out by color duplex Doppler ultrasonography.122 
Most A VF can be treated by percutaneous embolization of 
the arteriovenous communication.112,123-125 Potentially life
threatening arteriovesical fistulas with severe hematuria and 
hypotension can result from pseudoaneurysms originating 
from the arterial anastomosis, pancreas graft arteries, recipient' s 
native iliac arteries, or the arterial allopatch left in place after a 
graft pancreatectomy.l13,118,121 Most pseudoaneurysms are my
cotic and warrant emergent reoperation, revascularization, and 
a graft pancreatectomy (see Vascular Complications).118 

Urethral Complications and Dysuria 

The incidence of urethral complications posttransplant ranges 
from 2% to 12%.160,161,204,212-215 Urethral complications com-
prise a wide spectrum of c1inical conditions, inc1uding ure
thritis, dysuria, urethral disruption, development of urethro
cutaneous fistulas, and, albeit rarely, even autodigestion of 
the urethra, the meatus, or the glans penis. 160,161,204,212-215 
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Classically, pancreas recipients with the urethritis-dysuria 
syndrome have severe burning on urination. Yet, frequently, 
urine culture results are negative and a bacterial cause cannot 
be documented. This syndrome occurs most frequently in male 
recipients within the fIrst year posttransplant. 160,161,212,213 A 
signifIcant factor in the development of urethral irritation and 
inflammation appears to be the pancreatic enzymes in the re
cipient's urine.216,217 Because of the presence of activated 
trypsin in the urine of pancreas recipients, it has been hy
pothesized that enterokinase in the brush border of the duo
denal mucosa activates the proenzyme trypsinogen and the 
pancreatic enzyme activation cascade.216,217 In addition, other 
serine proteases (such as plasmin, thrombin, and fIbrinolysin) 
and bacterial enzymes may all also contribute to pancreatic 
proenzyme activation in the bladder.I61 ,216,217 

An important cofactor and a likely prerequisite for the de
velopment of severe urethral complications is minor urethral 
trauma (e.g., from a Foley catheter insertion).213 The activated 
pancreatic enzymes and urine extravasate and cause signifI
cant urethral disruption and, on occasion, even fistula forma
tion.213,216 In recipients with urethral disruption, the disrup
tion site is usually located in the bulbous urethra.213 If this 
complication is suspected based on the clinical fIndings and 
the recipient' s complaints, aretrograde urethrogram can con
fIrm the diagnosis. 

Initial treatment of the urethritis-dysuria syndrome con
sists of short-term urethral catheterization.161,212,213 Supra
pubic bladder catheter drainage is only indicated rarely, if 
ever. Alkalinization of the urine may be used as an adjunct 
to catheterization.161 

Any urethral complication may be further compounded by 
simultaneous UTI; appropriate treatment of any bacterial UTI 
is therefore of utmost importance. 

For all recipients with recurrent or persistent severe urethri
tis that does not respond to conservative therapy, and for those 
with signifIcant urethral complications (such as urethral disrup
tion, urethral strictures, and ulceration or autodigestion of the 
urethra, urethral meatus, or glans penis), defInitive treatment 
consists of conversion to enteric drainage.21,24,160,161,213-215 
Some centers advocate early enteric conversion once the diag
nosis of urethritis and dysuria is made to prevent late compli
cations (e.g., urethral strictures).24,160 

Reeurrent UTIs 

Urinary tract infections are common in bladder-drained re
cipients; the reported incidence ranges from 10% to 
96%.100,160,161,218 Risk factors include instrumentation of the 
urinary outflow tract (e.g., perioperative Foley catheteriza
tion), a high degree of host immunosuppression, bacterial or 
fungal colonization of the donor duodenal segment, voiding 
dysfunction due to a ballooning duodenal segment, and in
creased postvoid residual urine volumes from other causes 
(such as a diabetic neurogenic bladder). The urinary outflow 
tract of bladder-drained recipients may be more susceptible 
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to infection due to the nonphysiological milieu created by the 
pancreatic secretions; experimentally, it was demonstrated 
that the urinary trypsin in bladder-drained recipients promotes 
in vivo bacterial adherence to urothelial surfaces, thereby set
ting the stage for UTIs.217 

Care of recipients with recurrent UTIs rests on two pillars: 
First, appropriate antibiotic treatment and prophylaxis (using, 
if necessary, a rotating antibiotic regimen to prevent emer
gence of multiresistant microbes) must be instituted; second, 
an underlying cause of recurrent UTIs must be sought. 
Postvoid residual urine volumes should be determined to as
sess bladder function and adequacy of bladder empty
ing. 161 ,205 Recipients may need to undergo cystoscopy to rule 
out foreign bodies (such as exposed suture material or staples 
at the duodenocystostomy) and exclude the presence of blad
der stones.210,211 Cystoscopy allows assessment for benign 
prostatic hyperplasia and bladder and urethral strictures, all 
of which may contribute directly or indirectly to recurrent 
UTIs. If an obstruction with increased postvoid residual urine 
volumes is suspected, urodynamic testing is indicated.160,161 
On occasion, a voiding cystourethrogram may be necessary 
to rule out bladder diverticula or ballooning of the duodenal 
segment,219 which may contribute to high postvoid residual 
urine volumes.22o 

For defInitive treatment, removal of any foreign intravesical 
material (e.g., intravesically exposed suture material or staples, 
stones) is mandatory.210,211 If a specifIc underlying cause (other 
than the bladder-drained state) cannot be ascertained, or if a 
specifIc, identifIed problem cannot be addressed cystoscopi
cally, conversion to enteric drainage is indicated.21,157,160,161 

Postoperative Voiding Dysfunetion and 
Other Urologie Complieations 

Among pancreas transplant candidates, the incidence of blad
der dysfunction is as high as 43% (as evidenced by abnormal 
preoperative urodynamics).221 However, despite this rela
tively high incidence, abnormal preoperative urodynarnics do 
not predict an increased rate of posttransplant urologic com
plications in bladder-drained recipients.221 Abnormal preop
erative urodynarnics are therefore not a contraindication to 
bladder-drained pancreas transplants.205,221 In bladder
drained recipients, it is also often impossible to quantify to 
what degree the voiding dysfunction 'is due to the bladder 
drainage procedure (e.g., detrusor dysfunction from surgical 
trauma and muscular disruption caused by the duodenocys
tostomy creation, cystitis, urethral inflammation) vs the pre
existing diabetic bladder dysfunction. 

Posttransplant voiding dysfunction and recurrent urologic 
complications should prompt a more detailed workup, in
cluding postvoid residual urine volume measurement and 
peak flow rate determination, in particular in male recipi
ents. 161,205 If results are abnormal, any underlying pathology 
(e.g., stricture, benign prostatic hyperplasia) that may be re
sponsible for, or compound, a pre-existing voiding dysfunc-
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tion (e.g., caused by cystitis and urethral inflammation) must 
be ruled out and corrected as necessary.161,222 A selected sub
set of recipients with bladder outIet obstruction that does not 
respond to conservative therapy (e.g., ll'-blocker therapy, 
clean intermittent catheterization)223,223a may benefit from 
cystoscopy and intervention based on cystoscopic findings 
(e.g., bladder neck incision, limited transurethral resection of 
the bladder neck). 161,222 In all other cases of elevated postvoid 
residual without evidence of obstruction, nonsurgical, con
servative treatment options, including intermittent catheriza
tion, must be pursued and optimized. 161 ,223 Rarely, conver
sion to enteric drainage may become necessary.223b 

The incidence of lower (but not upper) urinary calculi is 
higher in bladder-drained recipients as compared with the 
nontransplant population. Unexplained hematuria or recurrent 
infections should therefore prompt CT followed by cys
toscopy, asnecessary, for stone remova1.210,211 

It is unknown whether long-term exposure of the duodenal 
mucosa to urine eventually results in neoplastic changes, as 
seen in nontransplant patients with urinary diversion into an 
intestinal conduit. In one histopathologic study, only meta
plastic (but not neoplastic) mucosal changes were observed 
in pancreas recipients after up to 6 years of follow-up.224 In 
the absence of long-term data, careful workup of recipients 
who have any symptoms possibly related to duodenal neo
plasia (e.g., hematuria) is warranted. 

Urologie Complieations Independent 
of the Exoerine Seeretion Drainage Method 

Postoperative urologic problems not specifically associated 
with the drainage method should be treated as they would be 
in diabetie patients who have not undergone a transplant. Uro
logie diseases and complications that are not primarily related 
to the transplant operation include diabetic neurogenic blad
der dysfunction, benign prostatie hyperplasia, erectile dys
function, urolithiasis, epididymitis, and, in solitary pancreas 
recipients, ureteral obstruction of native ureters with or with
out reflux. 161,225 Condylomata acuminata as weIl as benign 
or malignant tumors of the urothelium, prostate, testes, and 
kidneys mayaiso develop posttransplant. Such neoplasms 
must be considered when evaluating a pancreas recipient with 
new urologic signs and symptoms. 

Treatment length and aggressiveness may need to be adjusted 
in light of the immunosuppressed state of pancreas recipients, 
in particular regarding infectious complications (e.g., infected 
penile prostheses) and malignancies.225 Similarly, screening 
and surveillance intervals (e.g., after removal ofbladder polyps) 
need to take into account the potentially faster growth charac
teristics of premalignant or recurring lesions in immunocom
promised hosts. In recipients with primary bladder or prostatic 
malignancies who have a bladder-drained pancreas graft, con
version to enteric drainage at the time of the oncologic opera
tion is usually necessary to facilitate radical and aggressive 
management of these tumors. Postoperatively, the transplant 
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team, urologist, and oncologist must closely coordinate the fol
low-up schedule and any changes in immunosuppression. 

Urologie Complieations Related to the Kidney Graft 

The most common kidney graft ureteral complications in SPK, 
PAK, or KAP recipients are leaks, stenosis, and obstruction. 
Such complications occur at a similar frequency as in diabetic 
KT A recipients; therapeutic strategies are also similar. 160,204,206 

Small ureteralleaks may be stented (either antegrade or ret
rograde) in conjunction with prolonged bladder decompres
sion by Foley catheter and urinoma drainage. All other leaks, 
including those not resolving under conservative treatment, 
require operative reintervention. 

Isolated, short-segment ureteral strictures may be managed 
nonoperatively by balloon dilatation and stenting. However, if 
they involve longer or multiple segments and appear to have 
an ischemic cause, ureteral reimplantation (for distal strictures), 
or, ureteroureterostomy (between the native and transplant 
ureter for more proximal strictures), is indicated. Caliceal fis
tulas are rare and usually occur on the basis of ischemia of the 
collecting system. They often require surgical correction. The 
choice of surgical technique depends on the localization and 
extent of caliceal ischemia and necrosis.226 

Importantly, the differential diagnosis of kidney graft 
ureteral obstruction after pancreas transplants must also in
clude lymphoceles, even in SPK recipients, whose kidney 
graft is often placed intraperitoneally. Rapid reperitonealiza
tion of the surface of an intraperitoneal kidney graft has led, 
in several reported cases, to subsequent "extraperitoneal" 
lymphocele formation and ureteral obstruction.160,227 

Prompt recognition and treatment will help maintain the vi
ability and long-term survival of both the kidney and pan
creas graft. 

Surgical Complications of Conversion 
from Bladder to Enteric Drainage 
Surgieal complications after conversion from bladder to en
teric drainage have been reviewed in only a few series and 
are reported to range from 10% to 20%.21-26 These compli
cations include postconversion pancreatitis, pancreatie fistu
las, duodenal perforation, anastomotic leaks (from the duo
denoenterostomy or the Roux -en-Y enteroenterostomy), leaks 
from the oversewn duodenocystostomy site, and intra-ab
dominal infections.21-26 Also, at least one case of a postcon
version enterovesical fistula has been reported. 21 

It is unclear from the available literature whether the use 
of a loop duodenoenterostomy vs a Roux-en-Y duodenoen
terostomy for conversion to enteric drainage has a higher com
plication rate. With the Roux -en-Y, the number of necessary 
anastomoses is increased and the complication risk at least 
hypothetically higher. 

Most complications occur early posttransplant, during the 
hospitalization after the conversion operation.21-26 The clin-
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ical presentation depends on the underlying pathology and in
c1udes fever, nausea, vomiting, abdominal pain, abdominal 
distention, graft tenderness, peritonitis, ileus, leukocytosis, 
amylase-rich drainage fluid, and hyperamylasemia. In the 
largest study on this subject, an increased serum amylase level 
of >200 mg/dL persisting for more than 4 days postconver-

. d' . f . 'fi t l' t' 21 22 sion was most m IcatIve 0 a slgm lcan comp lca IOn. ' 
Interestingly, in that study, even if the indication for conver
sion was reflux pancreatitis, increased postconversion serum 
amylase levels still indicated a possible complication.21 ,22 

For c1inically stable recipients, the diagnostic workup 
should inc1ude a CT scan with oral, IV, and bladder contrast. 
In c1inically unstable recipients with obvious signs and symp
toms of peritonitis and sepsis, an immediate relaparotomy is 
warranted. 

Conservative treatment of postconversion pancreatitis con
sists of stopping all oral intake (with or without institution of 
a total parenteral nutrition regimen) as well as insertion or 
maintenance of a nasogastric tube. Such treatment is only in
dicated for treating pancreatitis in c1inically stable recipients 
as long as there is no evidence of enteric leaks. Minor blad
der leaks from the oversewn former duodenocystostomy site 
can also be treated conservatively with a Foley catheter and, 
if necessary, percutaneous drainage of the urinoma. In all 
other cases, surgical re-exploration is mandatory. The choice 
of surgical procedure is dictated by the intraoperative find
ings. In the absence of significant local infection and pres
ence of viable bowel, a primary repair of a leak site can be 
attempted. If there is a well-circumscribed small duodenal 
necrosis, excision of the necrosis and primary c10sure may be 
appropriate. If the primary conversion technique was a loop 
duodenoenterostomy (side-to-side duodenoenterostomy), 
strong consideration should be given to converting the side
to-side duodenoenterostomy to a Roux-en-Y duodenoen
terostomy to exc1ude the duodenoenterostomy from the re
cipient' s fecal stream. 

If a primary repair, or reanastomosis to the recipient' s 
bowel, is not advisable or feasible, two options may poten
tially salvage the graft. First, some recipients have undergone 
exc1usion and exteriorization of their graft duodenum, with 
complete diversion of the exocrine pancreatic secretions into 
astoma appliance.21 ,22 In the University of Minnesota expe
rience, exc1usion of the graft duodenum to the abdominal wall 
was a viable alternative and did not increase the risk of graft 
10SS.21.22 Second, in at least one recipient the pancreatic duct 
was ligated, albeit unsuccessfully in the long term because of 
severe pancreatitis.22 For recipients who are not amenable to 
any of the aforementioned treatment options, in particular, if 
faced with diffuse intra-abdominal peritonitis and sepsis, a 
graft pancreatectomy is warranted. Usually, postoperative 
drainage of the surgical field should be considered. 

For pancreatic fistulas that develop as a sequela of post
conversion pancreatitis, an obstruction of the pancreatic duct 
must be ruled out. Treatment should then proceed as previ
ously discussed (see above). 
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Synopsis of Recipient and Surgical Technique-
Related Risk Factors as Complications 

Recipient Category 

Technical failure rates for primary transplants are lowest for 
SPK recipients (7.6%) and higher for postllfemic PAK (10.2%) 
and nonuremic PT A (11.5%) recipients. For primary solitary 
pancreas (vs SPK) recipients technical failures (from graft 
thrombosis, infection, pancreatitis, anastomotic leaks, and 
bleeding) were significantly higher, according to arecent 
UNOS pancreas transplant registry analysis: 12.2% in the soli
tary category (PAK, PT A) vs. 8.1 % in the SPK category (P = 

0.001). These differences are mainly explained by the higher 
graft thrombosis incidence in enteric-drained PAK and PT A re
cipients. In contrast, a large center recently reported higher re
laparotomy and surgical complication rates for SPK (vs PAK 
recipients).39 But, those higher rates for SPK recipients have 
not been observed in the UNOS pancreas registry database or 
by other centers. 11 Therefore, this finding likely represents a 
center effect involving donor and recipient selection. 

For SPK grafts, longer preservation time has an adverse 
impact on the incidence of technical complications and fail
ures (e.g., thromboses and leaks), but for PAK and PTA grafts 
no such adverse effect of preservation times can be discerned 
according to the UNOS pancreas registry analysis.I I ,64 The 
fact that prolonged preservation time is slightly detrimental 
for SPK but not for PAK and PT A grafts may reflect a more 
conservative approach to donor selection for solitary pancreas 
recipients. 11 A donor pancreas that has undergone prolonged 
preservation should be used only if all other donor factors that 
potentially affect surgical complication rates are favorable. 

The recipient's uremic state has no obvious positive im
pact on the incidence of pancreas graft los ses due to graft 
thrombosis.7 However, recipients who are on dialysis at the 
time of their transplant, in particular peritoneal dialysis, have 
a higher risk of intra-abdominal infection.83,137,138,141 

Finally, a unique vascular complication observed only in 
SPK recipients is vascular pedic1e torsion of intraperitoneally 
transplanted kidney grafts. 127,128 

Overall, despite significant progress surgical morbidity re
mains relatively high, with relaparotomy rates as high as 50% 
in current case series.37.39,41,228 

Transplant Number 

In retransplant recipients, surgical complications (such as bleed
ing and vascular thrombosis) are more common as compared 
with primary transplant recipients, 11,229 In arecent UNOS reg
istry analysis, the lower overall graft survival rate for SPK re
transplant recipients was mainly due to a higher incidence (21 % ) 
of technical failures (vs 8% for primary grafts).l1 For PTA re
cipients, the technical failure rate was also higher for retrans
plant recipients (19%) than for primary transplant recipients 
(14% ).ll In contrast, the moderate differences in overall graft 
survival rate observed for PAK retransplant vs primary trans-
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plant recipients was mainly attributable to a higher rejeetion loss 
rate; the technieal failure rate was nearly identieal (13% re
transplant, vs 11 % primary transplant). The higher ineidence of 
technical failures after retransplantation, in particular in the SPK 
and PT A categories, must be taken into account when selecting 
donors and reeipients for retransplantation. 

Duct Management 

Bladder and Enteric Drainage 

Historically, enteric drainage was associated with higher infec
tion and technical failure rates than bladder drainage.4,5,229a But, 
these differences have all but vanished over the past half-decade, 
at least for SPK recipients.11 In contrast, for enteric-drained (vs 
bladder-drained) PAK and PT A recipients graft thrombosis rates 
were significantly higher according to arecent UNOS pancreas 
registry analysislI: in the PAK category, 4.9% for bladder
drained vs. 11.5% for enteric-drained grafts (P = 0.(06); in the 
PTA category, 3.5% for bladder-drained vs 14.9% for enteric
drained grafts (P = 0.004). Interestingly, the incidence of graft 
loss from late thrombosis (> 1 month posttransplant) was also 
higher for enteric-drained grafts in both the PAK and PTA cat
egories. It is possible that some of these graft failures thought 
to be primarily technical are actually from thrombosis second
ary to rejection. In enteric-drained PAK and PT A grafts, neither 
serum creatinine nor urinary amylase can be used to detect a 
decrease in graft function from rejection before secondary 
thrombosis. This hypothesis was corroborated by a recently pub
lished study on histopathologie findings in grafts that were ex
planted due to thrombosis within 6 months posttransplant for 
"graft thrombosis.'m In that study, aeute rejection was observed 
in at least one third of all thrombosed graftS,?l 

The incidence of graft loss from infection, pancreatitis, and 
bleeding is not different for bladder-drained vs enteric-drained 
SPK, PAK, and PTA recipients. Although reported leak rates 
are lower for enteric-drained31 ,35,134 vs bladder-drained 
grafts,1O,99,100,134,147,157-161 the incidence of graft loss from 
anastomotic leakage is higher for primary enteric-drained 
grafts in the SPK and PAK categories, reaehing almost sta
tistieal significance (enteric drained vs bladder drained, 0.8% 
vs 0.3% for SPK (P = 0.088), 0.0% vs 1.0% (P = 0.077) for 
PAK, and 0.0% vs 0.0% for PTA recipients). Also, failed pan
creas grafts with enteric drainage may require more frequently 
transplant pancreatectomy. 102 

Surgieal enteric drainage technique (with vs without Roux
en-Y) did not affect technical failure rates. 11 

The recently proposed venting jejunostomy technique (for 
monitoring enteric-drained pancreas grafts) is potentiaHy as
sociated with a higher rate of surgieal complications, namely, 
leaks. Multiple anastomoses, as weH as a jejunostomy, need 
to be created and are potentialleakage sources.230 

Finally, bladder-drained recipients experience a relatively 
high incidence of metabolic, pancreatic, and urologie com
plications, requiring conversion to enteric drainage in about 
15% of all cases.21-25,231 
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Duct Injection 

Duct injection with a polymer is now mostly of historic in
terest. It was associated with a higher incidence of posttrans
plant pancreatitis, pseudocysts, and pancreatic fistula forma
tion than any other technique.2,74,194 Long-term results of 
duct-injected segmental pancreas transplants suggest an ad
verse effect of the surgically induced fibrosis of the exocrine 
pancreatic tissue on the endocrine tissue and its long-term 
function.2,74,1l0,194 The fibrotic process within the pancreas 
gland mayaiso lead to long-term involvement of the panere
atic vasculature, resulting in atherosc1erotic, occ1usive arte
rial lesions. 110 

Vascular Management 

Vascular management (i.e., portal vs systemic drainage of the 
venous pancreas graft effluent) does not have a statistically 
significant impact on teehnieal failures of primary pancreas 
grafts according to the UNOS pancreas registry analysis cov
ering the period from January 1, 1997, through Oetober 10, 
2001. 11 

Graft Size 

Overwhelming evidence from the literature shows that whole
organ (vs segmental) grafts have a more favorable surgieal 
complication profile. Even in the current era, segmental grafts 
are plagued by higher rates of leaks and intra-abdominal in
fections with subsequent graft 10ss.13,140,232 Also, graft 
thrombosis rates remain higher in segmental (vs whole-organ) 
grafts, even with the use of perioperative antithrombotie pro
phylaxis.73,140,232 Still, the benefits of a segmental pancreas 
transplant, now usually from a living donor, must be weighed 
against a 10% to 20% rate of thrombosis and 20% to 25% 
rate of intra-abdominal infections.13,140,232 
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9.2.3 
Posttransplant Infections 

Victor Lazaron and David L. Dunn 

Over the past 20 years pancreas transplantation has emerged 
as an important, highly effective therapy in the treatment of 
patients who suffer diabetes mellitus. International Pancreas 
Transplant Registry (IPTR) data indicate that over 1,000 pan
creatic allografts have been transplanted yearly since 1995, with 
steady improvements in graft and patient survivalI (chapter 20). 
Refinements in surgical technique, the development and use of 
immunosuppressive drugs, in particular recently available 
agents in balanced combinations, and prophylactic measures to 
prevent infection have spurred the growth of this field. How
ever, even today the solid organ transplant recipient remains at 
increased risk of developing any number of serious infectious 
complications. Up to 80% of solid-organ transplant recipients 
will suffer an infectious complication during the first year post
transplant and infection remains a major cause of morbidity 
and mortality in this patient population.2 Of note, among pan
creas transplant recipients it has been estimated that the aver
age patient will experience two to three episodes of infection 
per annum.3 Although many types of infections are similar to 
those experienced by all groups of immunosuppressed solid
organ transplant recipients, several are unique to individuals 
who undergo pancreas transplantation. 

The range of potential pathogens that may cause disease in 
the immunosuppressed host is prodigious. Not only are com
mon endogenous and nosocomial flora involved, but so-called 
"opportunistic" or "atypical" pathogens that rarely cause dis
ease in normal individuals also affect this patient population. 
To understand the epidemiology of infectious complications 
that effect pancreas transplant recipients it is helpful to con
sider several factors: time frame of infection relative to trans
plantation, type and degree of immunosuppression as weH as 
the need for antirejection therapy, and the method of exocrine 
drainage of the graft, the latter being closely linked to the oc
currence of specific types of surgical infectious complications. 
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Not surprisingly, the period of greatest risk of infection cor
responds with that of most intense immunosuppression
characteristicaHy during the first year posttransplant and im
mediately after any period of immunosuppressive induction 
or antirejection therapy, in particular after repeated episodes 
of rejection treated in close temporal association. The period 
between 1 and 6 months posttransplant is typicaHy the time 
of maximal immunosuppression, and this leads to a signifi
cantly heightened infection risk. Infectious complications in 
the first month posttransplant are typicaHy caused by en
dogenous or nosocomial flora, which are capable of causing 
disease in an immunocompetent host. These include surgical 
site infections (SSIs) including intra-abdominal infections, 
postoperative or ventilator-associated pneumonia, urinary 
tract infections (UTIs) associated with prolonged in-dweHing 
urinary catheters, and bacteremic episodes that often are as
sociated with central venous catheter infections.4,5 The 
causative pathogens are invariably both gram-positive and 
-negative bacteria as weH fungi such as Candida spp., often 
in combination. Subsequently, infections due to more ag
gressive fungal microbes such as Aspergillus spp. and viral 
pathogens predominate, the latter of which may become ac
tive after being dormant in the host or by being transferred 
from the donor by the aHograft.6,7 It is highly likely that the 
duration of immunosuppression as weH the intensity are key 
factors leading to the occurrence of these infections. 

It is of critical importance for the clinician to be aware of 
the epidemiology of infection in this patient population dur
ing this initial window of vulnerability, as characteristic pat
terns of maximal frequency of opportunistic viral and fungal 
pathogens have been identified. These patterns of infections 
may be simplified by considering an early cluster of viral 
agents that occurs with peak frequency between 2 to 3 months 
posttransplant and a late cluster that more commonly occurs 
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between 4 to 9 months posttransplant. The early group in
cludes cytomegalovirus (CMV), adenoviruses, hepatitis Band 
C, and human herpes virus (HHV)_6.6-12 The later cluster in
cludes variceIla-zoster and polyoma viruses. 13 Epstein-Barr 
virus (EBV) may cause disease throughout the first year post
transplant. 14 The opportunistic fungi can similarly be ob
served to cluster with Candida and Aspergillus species, caus
ing infections in the first 2 to 3 months posttransplant15,16 
whereas Cryptococcus neo formans, Histoplasma capsulatum, 
Coccidiodes immitis, and Pneumocystis carinii most often oc
cur later during the first year. 17,18 

After the first 6 to 12 months the majority of transplant re
cipients will exhibit similar patterns of infectious disease mor
bidity as the general population, with frequent respiratory in
fections secondary to pneumococcal infections, viral influenza, 
and uncomplicated UTIs. However, opportunistic infections can 
occur at any time, and increased immunosuppression secondary 
to treatment of acute rejection may increase the susceptibility to 
and alter the temporal pattern of these less common infectious 
agents. A high index of suspicion for the presence of infection 
must be maintained at all times when assessing the immuno
suppressed patient, as the typical localizing signs of infection 
and inflammation may be blunted or even absent due to the anti
inflammatory action of the immunosuppressive regimen. 

An important component of the transplant process is the pre
operative assessment of both the recipient and donor for infec
tious disease that may cause complications in the newly im
munosuppressed recipient. With respect to the donor, active 
infection invariably precludes use of the organ and therefore an 
irnportant evaluation is the determination of the CMV and EB V 
serological status because these agents are readily transmitted 
to the seronegative recipient. The prevalence of both of these 
agents is on the order of 90% in the adult population. Conse
quently, the CMV seronegative recipient is at high risk of de
veloping a primary infection following transplantation, in par
ticular if the donor is CMV seropositive. Whether multiagent 
prophylactic antiviral therapy will reduce the burden of disease 
in the seronegative graft recipient is currently the subject of 
study, but a number of centers are increasing the duration of 
intravenous (IV) antiviral prophylaxis for this group of patients. 
Cultures of organ preservation fluid are routinely performed, 
but appropriate antibiotic therapy can ordinarily prevent posi
tive cultures from resulting in clinically significant disease. 19 A 
thorough pretransplant history and physical examination of the 
recipient is essential to minimize the risk of infectious compli
cation secondary to a latent or indolent infectious process. Rou
tine viral studies are obtained, vaccinations are brought up to 
date, and appropriate perioperative prophylaxis is employed. 

Bacterial Infections 

Bacterial infections are common in the first 30 days post
transplant, often being related to the surgical intervention it
self. The risk of nosocomial bacterial infection is related to 
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the site of surgery as weIl as to the site of and continued pres
ence of any catheters, lines, drains, endotracheal tube, or other 
breaks in the skin. The most common sites of infection are 
the urinary tract, surgical site, lungs, and the blood stream. 
The risk of nosocomial bacterial infection is directly related 
to host factors including underlying diseases such as diabetes 
or cirrhosis, obesity, and chronic pulmonary disease, as weIl 
as to technical and management factors including the preop
erative preparation, length and technique of operation, pres
ence of a hematoma or seroma, and need for prolonged uri
nary catheterization, prolonged mechanical ventilation, or 
prolonged central venous catheterlzation. Surgical complica
tions such as anastomotic leaks are invariably associated with 
serious bacterial infections as weIl. 

The urinary tract is a common site of bacterial infection, 
in particular in the bladder-drained pancreas transplant recip
ient. Bacteriuria may be detected in up to 83% of renal trans
plant patients20 with an attendant increased risk of systemic 
sepsis and wound infection. The rate of bacteriuria in the 
bladder-drained pancreas transplant population is not estab
lished, but is thought to be similar, and one group of investi
gators has documented that - 30% to 40% of such patients 
develop UTIs during the first 3 years posttransplant.21 The 
most common pathogens isolated are gram-negative aerobes, 
enterococci, and Candida spp. The risk factors associated with 
increased incidence of UTIs include prolonged catheterization, 
hemodialysis, and antibiotic prophylaxis in excess of 48 
hours.22 The use of ureteral stents is associated with an in
creased rate of UTIs. 23 The use of prophylactic trimethoprim
sulfamethoxazole (TMP-SMX) is common in transplant pa
tients, primarily to decrease the risk of several opportunistic 
pathogens including P. carinii, Toxoplasma gondii, Listeria 
monocytogenes, and Legionella pneumonia; however, this 
practice likely also reduces the risk of UTIs caused by more 
typical pathogens in renal and bladder-drained pancreas trans
plant patients receiving this therapy.24 Diagnosis of UTI in 
the transplant patient is based on clinical suspicion and uri
nalysis and culture. The typical findings of dysuria, hesitance, 
and frequency are often absent, with the only clinical mani
festations of the UTI potentially being fever or an elevated 
white blood cell count. Treatment is often empirical and broad 
spectrum, in particular during the first months posttransplant. 
An increased risk of bacterial or fungal UTI is not ordinarily 
seen in recipients of other solid-organ allografts who do not 
require a long duration of urinary catheterization. 

Infection of the surgical site is potentially a source of ma
jor morbidity and occasional graft loss and mortality in the 
solid organ transplant patient. Surgical site or wound infec
tions are classified according to the structures involved. In
fections above the fascia are superficial, infections below the 
fascia are deep, and combined infections involve elements of 
both the superficial and deep compartments of the wound.25,26 
Perioperative antibiotics are given to decrease the risk of sur
gical site infection and in general include a broad-spectrum 
antibacterial agent and fluconazole. Antibiotics are typically 
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continued for 24 to 72 hours posttransplant although data to 
support this practice and the specific selection of agents are 
lacking. In many series, pancreas allografts recipients exhibit 
a high rate of wound infection with a 10% to 40% superfi
cial, 15% to 22% deep, and 8% combined infection rate.27,28 
At one center, low rates of such infections have been reported 
(2.4%) with the exception of patients who undergo conver
sion from bladder to enteric exocrine draining in whom the 
wound infection rate was 1 %.29 These wound infections carry 
a great potential morbidity and a substantial mortality and re
quire an aggressive approach to diagnosis and therapy. In ad
dition, retransplantation of such patients is associated with a 
high rate of recurrent infection often due to the same 
pathogens,3° and the use of pancreata from obese donors has 
been associated with infection as well.3l 

Pathogenic microbes are predictable based on the type of 
operation undertaken. Wound infections in renal and bladder
drained pancreas transplantation are caused by the endoge
nous flora of the skin and bladder: gram-positive and -nega
tive aerobes, respectively, with occasional Candida and 
enterococci. However, pancreas transplant wound infections 
are often polymicrobial with frequent gram-positive, fungal, 
and resistant gram-negative pathogens present. These infec
tions require broad-spectrum antimicrobial therapy with a car
bapenem or extended-spectrum penicillin along with van
comycin or linezolid, and often amphotericin B if fungi are 
identified. 

The diagnosis of wound infection is often subtle and find
ings may be limited to fever, elevated white blood count, or 
wound drainage with a deceptively innocuous appearance. 
Any wound drainage should be examined by gram stain and 
culture, and suspicion or evidence of infection should result 
in opening of the wound. In addition, imaging should be un
dertaken to rule out an infection in the deep surgical space 
with prompt exploration and/or drainage should that result be 
obtained. Delays in diagnosis or appropriate therapy can lead 
to substantial morbidity and mortality in this patient popula
tion. Prolonged, broad-spectrum antimicrobial therapy is em
ployed and immunosuppression is minimized in potentially 
life-threatening abdominal infections. Early consideration of 
re-exploration, potentially with graft pancreatectomy, should 
occur. 

The development of postoperative pneumonia varies with 
the type of transplantation and is associated with a marked 
mortality of 20% to 60%.32,33 Renal transplantation is asso
ciated with the lowest incidence (1 % to 2%) and lung trans
plantation with the highest (22%). The rate of postoperative 
pneumonia after pancreas transplantation is not clearly de
fined but is thought to be approximately 5%. The most com
mon pathogens identified are the gram-negative aerobes, 
staphylococci, and Legionella spp. Frequently, Candida or 
CMV may be obtained along with bacterial pathogens, in par
ticular in the first 2 to 3 months posttransplant. These find
ings are clinically significant, and active CMV pneumonitis 
is a significant risk factor for the development of concurrent 
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bacterial pneumonia. Several risk factors may be at play that 
may predispose the patient to the development of pneumonia. 
These may include prolonged mechanical ventilation, thoracic 
surgery, pulmonary edema, and intense immunosuppression 
or treatment of acute rejection. Pleural effusions should be 
aggressively drained and cultured because the progression of 
an infected effusion to empyema in a transplant patient is as
sociated with high mortality. 

Bacteremia in the transplant population, as in the general 
hospital population, may occur secondary to seeding along a 
vascular access device or as a result of hematogenous spread 
from another source. Urinary tract infection, SSI, and pneu
monia are risk factors for the development of bacteremia, as 
is prolonged vascular catheterization. Additional risk factors 
include receiving a cadaveric allograft, leukopenia, and anti
rejection therapy. Bacteremia in the immunosuppressed pa
tient may present as fever, leukocytosis, or leukopenia. Con
sequently, obtaining blood cultures among patients who 
develop these symptoms and signs is mandatory. Suspicion 
of bacteremia should prompt removal and culture of in
travascular devices and a source for other primary sources 
of sepsis. Because the mortality associated with bacteremia 
and septic shock in transplant patients exceeds 50%, broad
spectrum antimicrobial therapy, an aggressive approach to 
source control, and the minimization of immunosuppression 
all are indicated in these patients. 

Several atypical bacterial infections are seen in the solid 
organ transplant population. These include mycobacteria such 
as Mycobacterium tuberculosis, Nocardia spp., and L. mono
cytogenes, all of which are associated with high rates of mor
bidity and mortality. Mycobacterial infections are 50 to 100 
times more frequent in the transplant population than they are 
in the general population and can be fatal in 30% of cases. 
Most occur with in the first 6 to 12 months after transplanta
tion and are associated with intense immunosuppression and 
antirejection therapy.34 Infection typically is related to reac
tivation of latent disease or transmission with the transplanted 
graft. Unfortunately, establishing the diagnosis is complicated 
by the lack of areaction to skin testing due to exogenous im
munosuppression. Consequently, clinical suspicion must be 
high, and bronchoscopic evaluation with biopsy, acid-fast 
stain, and culture should be employed when mycobacterial in
fection is suspected. Treatment is multidrug therapy with iso
niazid, ethambutol, rifampin, and other agents. Isoniazid pro
phylaxis should be considered in high-risk patient populations 
and individuals with a history of significant exposure or in
completely treated disease. 

Listeria monocytogenes may be associated with pneumo
nia, bacteremia, or, most ominously, with meningitis in the 
transplant population. Listeria has been associated with a 26% 
mortality in renal transplant patients; consequently, a thor
ough evaluation of any immunosuppressed patient must be 
undertaken when there is clinical suspicion of meningitis, and 
empirical therapy for meningitis should include appropriate 
coverage of this pathogen (e.g., ampicillin plus an aminogly-
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coside).35 The extended-spectrum penicillins will also pro
vide adequate coverage. 

Nocardia infection most commonly presents with pul
monary symptoms and signs but disseminated disease may 
involve the skin, eye, and brain. The c1inical picture is often 
nonspecific in that patients may develop fever, chills, malaise, 
occasional cough, dyspnea, headache, or mental status 
changes either alone or in combination. These infections carry 
a mortality of 25% to 50% and must be aggressively diag
nosed and treated.36 The diagnosis is made by microscopic 
examination of sputum or lung (or on occasion brain) biopsy 
tissue aided by Kinyoun and Ziehl-Neelsen staining. Treat
ment is with high-dose TMP-SMX and an aminoglycoside 
(such as amikacin) with continued treatment with oral TMP
SMX, preferably for life. 

FungalInfections 

HistoricaHy, solid-organ transplantation has been associated 
with a significant risk of fungal infection. However, the inci
dence of fungi as pathogens has increased in the era of broad
spectrum antibacterial prophylaxis and empirical therapy, and 
an increased incidence of resistant fungal infections also has 
been observed. Fungal infections are most common foHow
ing liver and pancreas transplantation, where the incidence 
approaches 40%.37 These infections are less common fol
lowing renal transplantation, where only 5% of transplants 
will be complicated by a fungal infection. Invasive fungal in
fections are associated with a mortality of 30% to 50% in this 
patient population. As noted previously, the majority of fun
gal infections occur during the first 3 to 4 months after trans
plant during the period of intense immunosuppression. 
Sources of fungal pathogens inc1ude endogenous pathogens 
in the oral cavity and gastrointestinal (GI) tract or soil or
ganisms in the environment. 

The most common fungal pathogens are various species of 
Candida.38 Candidal overgrowth of the oral and GI tract is 
common and prophylaxis is often empIoyed consisting of top
ical nystatin or c1otrimazole. Risk factors associated with in
vasive candidal disease inc1ude diabetes, neutropenia, intense 
immunosuppression, and prolonged administration of antibac
terial antibiotics. Despite prophylaxis, severe oropharygeal or 
esophageal candidal infection can occur, the latter requiring 
fluconazole or amphotericin B therapy for 10 to 14 days. Can
didemia is most often associated with the presence of chronic 
in-dwelling catheters, and its identification in the bloodstream 
mandates catheter removal and treatment with an antifungal 
agent for 14 to 21 days. Tissue-invasive candidiasis also can 
occur, although most often it is in the setting of a perforation 
of the GI tract, an anastomotic breakdown, a deep surgical 
site infection, or a concomitant GI infection such as CMV 
gastroenteritis or colitis. 

Widespread use of triazole agents such as fluconazole has 
led to more frequent isolation of resistant Candida species 
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such as C. glabrata, kruseii, and parapsilosis. Most invasive 
Candida infections should be treated with amphotericin B, al
though a new antifungal agent, caspofungin, shows great 
promise in the treatment of Candida and invasive aspergillo
sis (see below). Caspofungin is an echinocandin that acts to 
block the synthesis of 1,3 ß-D-glucan, an essential element of 
the fungal ceH wall. It is weH tolerated with a side effect pro
file that compares favorably to amphotericin B. Importantly, 
caspofungin and amphotericin B appear to act in an additive 
manner, and cross-resistance has not been identified. Clinical 
trials comparing caspofungin and amphotericin in patients 
with human immunodeficiency virus and oral or esophageal 
candidiasis show equivalence with trends toward superior out
comes among patients receiving caspofungin.39,40 It is highly 
likely that this will be an important drug in treating invasive 
fungal infections in solid-organ transplant patients. 

Aspergillosis will occur in 1 % to 4% of transplant patients, 
most commonly in liver and lung transplants. Half of these 
patients will go on to develop disseminated disease and these 
individuals exhibit a mortality rate in excess of 80%.41 Most 
patients with aspergillosis present in a similar fashion to pa
tients with atypical bacterial pneumonia. The high-risk set
ting of lung or liver transplantation or the failure to respond 
to appropriate antibiotic therapy in a lower risk patient should 
prompt an invasive diagnostic approach. The diagnosis is es
tablished by staining and microscopic visualization after tis
sue biopsy, and amphotericin B therapy should be initiated. 
Invariably, patients will require 1.5 to 2 g of drug therapy, 
and surgical intervention may be required in refractory cases 
or among patient who exhibit recrudescence. Patients who ex
hibit renal dysfunction either before or during therapy are can
didates for liposomal amphotericin B treatment, although it 
is extremely expensive. Itraconazole also is employed,42 and 
increasingly caspofungin is used in refractory cases. Dissem
ination to the central nervous system (CNS) may result in 
brain abscesses that are nearly uniformly fatal, although sur
vivors are reported after antifungal therapy and neurosurgical 
resection.43 

Other fungi seen as pathogens in solid organ transplant pa
tients inc1ude C. neofonnans, C. immitis, Blastomyces der
matitidis, H. capsulatum, and the Mucor and Rhizopus spp. 
Infections with these fungi occur in specific settings and pres
ent as specific syndromes that should be considered by the 
c1inician caring for the immunosuppressed patient. 

Cryptococcus neoformans is the second leading cause of 
invasive fungal infection in solid organ transplant patients. 
This pathogen may cause pneumonia or meningitis, and pa
tients with pulmonary disease often have CNS involvement 
as weH. Skin nodules are on occasion seen. Diagnosis is by 
India ink staining and by testing for cryptococcal antigen in 
cerebrospinal fluid or sputum. Treatment with amphotericin 
B foHowed by oral fluconazole should be implemented.44 

Coccidioides immitis is endemic in the Southwestem 
United States and Mexico. Between 7% to 9% of solid organ 
transplant patients residing in this area will develop coccid-
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iomycosis with an associated mortality of 25% in pulmonary 
cases and up to 70% in disseminated cases.45 The presenta
tion of disease is variable as multiple organ systems may be 
involved. The diagnosis must be made by microscopy, anti
gen detection, or culture of tissue. The treatment is prolonged 
amphoteriein B therapy. 

Histoplasmosis and blastomycosis are endemie to the 
American Midwest in the Mississippi and Ohio River valleys. 
Invasive disease, either reactivation of latent fungi or new in
fection, occurs in up to 2% of solid-organ transplant recipi
ents, with the highest incidence in the endemie area. Invasive 
disease spreads from the lungs to the skin and bone marrow. 
Biopsy and culture may be obtained from skin lesions if pres
ent or from bone marrow. Amphotericin Bor itraconazole are 
used as therapy.46 

Mucor and Rhizopus spp. are soil fungi that, when inhaled, 
may cause a highly morbid invasive rhinocerebral or dis
seminated infection in the profoundly immunosuppressed pa
tient and in diabeties with poor glycemic control. The diag
nosis is established by biopsy, and treatment is surgical 
debridement with adjuvant antifungal therapy with ampho
tericin B with the occasional addition of 5-flucytosine, itra
conazole, or rifampin.47 

Viral Infections 

Viral infections are increasingly recognized as an important 
cause of morbidity and mortality in solid-organ transplant pa
tients. Viruses that are endemic and of little clinical concern 
in the wider population may produce an overwhelming in
fection in the host with suppressed cellular immunity. The re
cent appreciation of the immunomodulatory effect of several 
opportunistic viral pathogens provides even more reason for 
continued development of effective prophylaxis, diagnosis, 
and treatment modalities for this class of infective agent. Im
munosuppressed transplant recipients may develop clinieally 
important viral infections by reacti vation of latent virus, trans
mission of virus via the donor graft or via blood transfusion, 
or exposure to virus in the environment. 

The human herpes viruses are important pathogens in the 
solid-organ transplant population (Table 9.2.3.1). These 
viruses commonly cause disease during periods of the maxi
mal immunosuppression, in particular early after transplant 
and after antirejection therapy. These agents include many of 
the most important viral pathogens facing the immunosup
pressed patient including CMV, EBV, the herpes simplex 
viruses (HSV-I and HSV-2), and the varicella-zoster virus 
(VZV). 

Cytomegalovirus infection affects 30% to 75% of patients 
following solid-organ transplant, primarily occurring within 
2 weeks to 3 months posttransplant. The highest risk for CMV 
infection occurs in seronegative recipients receiving a graft 
from a CMV-seropositive donor (the D+IR- graft).48 Lung 
and heart-Iung transplant recipients have the highest rate 
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TABLE 9.2.3.1. Human herpes viruses. 

Virus Eponym Clinical syndromes 

HHV-l Herpes simplex virus-l Mucocutaneous disease, 

HHV-2 Herpes simplex virus-2 

HHV-3 VZV 

HHV-4 EBV 

HHV-5 CMV 

HHV-6 Roseola (6B) 

HHV-7 
HHV-8 Kaposi agent 

primarily oral-labial 
ocular keratitis, 
HSV encephalitis 

Mucocutaneous disease, 
primarily genital 
ocular keratitis 

Chickenpox, "shingles," 
pneumonitis, encephalitis 

Infectious mononuc1eosis, 
hepatitis, pneumonitis, 
PTLD, Burkitt's lymphoma 

Mononuc1eosis, pneumonitis, 
hepatitis, gastroenteritis, retinitis 

Childhood febrile exanthema, 
mononuc1eosis, encephalitis, 
pneumonitis, disseminated disease 

No clear clinical entities 
Cutaneous lymphomas 

of CMV disease at 50% to 80% incidence. Pancreas and 
kidney-pancreas transplant patients have a 50% incidence, 
and isolated kidney, heart, or liver transplant recipients face 
an 8% to 35% risk of developing active CMV disease.49 The 
most severe disease is primary infection, as seen in the D + IR -
population. Superinfection is typically intermediate in sever
ity, and reactivation of latent disease is most often compara
tively mild. 50 The range of clinical disease is vast, ranging 
from asymptomatic infection-detectable only by change in 
anti-CMV titer or isolation of virus in blood, urine, or sputum
to invasive disease that may affect lung, liver, pancreas, in
testine, or retinas. A typieal mild infection will produce a 
mononucleosis-like syndrome including fever, malaise, and 
myalgias, often accompanied by leukopenia. More severe dis
ease will clinically manifest differing signs and symptoms de
pending on the site(s) of invasive infection. Gastrointestinal 
u1ceration with occasional hemorrhage is seen in GI disease, 
CMV pneumonitis may produce respiratory insufficiency and 
failure, CMV hepatitis may lead to liver failure, and CMV re
tinitis may produce vision changes leading to blindness. 

Previously, the diagnosis was established by observing an 
increase in anti-CMV titer by fourfold or by direct observa
tion of CMV inclusion bodies in biopsy specimens. More re
cently these techniques have been supplanted by the rapid 
"shell-vial" culture, in whieh virus is grown in culture with 
fibroblasts and examined by immunofluorescence microscopy 
after incubation with anti-CMV immunofluorescence-linked 
monoclonal antibody.51 A rapid antigenemia assay is also 
available that measures the levels of the pp65 CMV antigen 
in sampie fluid, but accurate results depend on the presence 
of anormal white blood cell count.52 More recently the poly
merase chain reaction (PCR) has been used to measure viral 
copy number in peripheral leukocytes, and, like the antigen
emia assay, may perrnit early diagnosis of subclinical CMV 
infection in at-risk patients.53 Authors differ in preference be-
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tween these two modalities, but it is clearly useful to have 
both techniques in the diagnostic armamentarium. 

Given the high prevalence and significant morbidity of 
CMV disease, prophylaxis with IV followed by oral ganci
clovir for several months posttransplant is commonly prac
ticed. Additional prophylaxis is routinely given with initia
tion of antirejection therapy. Several randomized clinical 
trials have shown ganciclovir prophylaxis to be superior to 
prophylaxis with acyclovir in preventing both reactivation and 
primary CMV disease in solid organ transplant patients, in
cluding pancreas and kidney-pancreas transplant recipi
ents.54-57 A second approach to this problem, so-called "pre
emptive therapy," is the assiduous monitoring of at-risk 
patients with protocol antigenemia or PCR assays followed 
by empirical therapy with ganciclovir should levels rise above 
a predetermined threshold. This approach, while somewhat 
cumbersome, has also led to reductions in the burden of CMV 
disease in liver transplant patients,58,59 and some combina
tion of prophylaxis and surveillance with empirical therapy is 
currently practiced in most transplant centers. Close moni
toring with pre-emptive therapy has not been shown to be su
perior to treatment based on symptomatic disease in renal 
transplant patients60 and consequently the main focus in this 
population is on prophylaxis. Ganciclovir prophylaxis is used 
for lung, heart-Iung, and heart transplantation as well,61,62 but 
there are little data to guide the practice of surveillance and 
pre-emptive therapy in these patient groups. Similarly, there 
are limited data to guide therapy in pancreas transplantation, 
and practice in this patient population is based on studies in 
groups of recipients of other allografts. 

Tissue-invasive CMV infection should be treated with IV 
ganciclovir for 2 weeks, following which either oral ganci
clovir or oral valganciclovir should be continued for 4 weeks 
to prevent recurrence. Anti-CMV immune globulin is avail
able and is commonly added to ganciclovir for the treatment 
of serious life-threatening invasive CMV infection, although 
studies of this agent are limited to its use in prophylaxis and 
are equivocal in showing efficacy.63,64 Foscarnet (trisodium 
phosphonoformate) is used in those rare instances where gan
ciclovir-resistant strains of CMV are isolated as this drug pro
vides similar efficacy to ganciclovir but is associated with a 
higher toxicity profile.65 

The herpes simplex viruses commonly cause mucocuta
neous disease of the oropharynx and buccal mucosa (HSV -1) 
and the genitalia (HSV-2). In profoundly immunosuppressed 
patients these agents may cause disseminated disease, in
cluding hepatitis, encephalitis, and pneumonitis. Most of these 
infections are feit to be reactivation of latent virus,66 and the 
highest risk is in lung and heart transplantation. The diagno
sis is established via identification of virus by immunofluo
rescent monoclonal antibody staining or Tzanck smear; cul
tores and rising anti-HSV antibody titers may also be used. 
Treatment with acyclovir should be initiated and continued 
for 2 to 3 weeks. Most epidermal lesions respond to topieal 
therapy, but any evidence of disseminated disease require 
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high-dose IV acyclovir and minimization of immunosuppres
sion. 

Infection associated with EBV is commonly detectable in 
the posttransplant period in solid-organ transplant recipients. 
The most common manifestations of EBV infection include 
the typieal mononucleosis-type syndrome, pneumonitis, and 
hepatitis.67 Diagnosis of EBV infection is made by detection 
of heterophile immunoglobulin (Ig)M antibody in serum or 
by following titers of antibodies to viral capsid antigen or 
early antigens. Polymerase chain reaction is also used to mon
itor viral activity and response to therapy. Treatment with acy
clovir should be undertaken (or ganciclovir when CMV in
fection is also suspected). Severe invasive disease is also 
treated with reduction in immunosuppressive therapy. The 
most important aspect of EBV is its association with post
transplant lymphoproliferative disorder (PTLD), which is dis
cussed below. 

Varicella-zoster virus commonly will emerge from latency 
in immunosuppressed transplant patients to cause an episode 
of shingles.68 Rarely, VZV may cause disseminated infections 
such as pneumonitis and encephalitis. The highest risk of dis
seminated VZV disease is in pediatric transplant patients who 
experience primary infection, which, in this population, has 
an associated 11% mortality.69 Fortunately, the introduction 
of the varicella vaccine has markedly reduced this morbidity 
and mortality, and it is recommended for all pediatric and 
nonimmune transplant recipients prior to transplantation.7o 
Varicella-Zoster virus infections are treated with acyclovir 
with reduction in immunosuppression for severe disseminated 
disease.71 There is no evidence supporting the efficacy of anti
VZV immune globulin in the treatment of severe VZV dis
ease in the immunocompromised patient,69 although it should 
be adrninistered to seronegative solid organ transplant patients 
who are exposed to individuals with active VZV infection. 

The role of HHV -6 as a cause of clinieal disease has yet 
to be clearly established in solid-organ transplant patients. 
There is considerable evidence, primarily in bone marrow 
transplant and stern cell transplant patients, that points to an 
association between HHV -6 and disease, including neurologie 
syndromes, pneumonitis, and a mononucleosis-like immuno
suppressive syndrome that may predispose to other oppor
tunistic infections,72,73 but clear data are not yet available in 
solid-organ transplant recipients. There are reports of associ
ation ofHHV-6 activation with severe CMV disease,74,75 but 
understanding cause and effect in this situation has been 
fraught with difficulty. Human herpes virus-7 and HHV -8 are 
not yet clearly associated with clinical syndromes that pose 
major problems in solid organ transplantation; however, data 
continue to be accumulated. 

Several other viruses cause significant morbidity and mor
tality in solid-organ transplant patients. Adenoviral infection, 
although more common in bone marrow and stern cell trans
plant patients, does occur in solid-organ transplant recipients. 
Invasive adenoviral infection most commonly manifests as 
pneumonitis or hepatitis, both of which are associated with 
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poor prognosis.16 Primary infection with human immunode
ficiency virus (HIV) via organ transplant from an HIV
seropositive donor has been described, and HIV seropositive 
status is a contraindication to organ donation.77 Until recently, 
HIV infection has been considered a contraindication to un
dergoing transplantation, but with the success of long-term 
multidrug therapy for HIV there has been some rethinking of 
this stance although doing so has not gained widespread ac
ceptance.78 Human papilloma viruses may cause disease 
through the development of tissue-specific growth leading to 
benign or malignant processes, including potentially cervical 
cancer, cancer of the vulva and perineum, condyloma acumi
natum, laryngeal polyposis, and nonmelanotic skin cancer. 
Respiratory syncytial virus may produce a fulminant pneu
monia in both adult and pediatric transplant patients. This di
agnosis is made by exarnination of nasopharyngeal washings, 
and more severe cases may be treated with ribavirin. 

Parasitic Infections 

Several common parasitic infections are seen in immunosup
pressed solid-organ transplant patients. Pneumocystis carinii is 
a common cause of pneumonia in immunosuppressed patients. 
Pneumocystis carinii pneumonia (PCP) is associated with pro
found defects in cellular immunity and normally is seen with 
CD4+ T cell counts lower than 200/jLL.79 These indices are 
often seen with OKT3 therapy for acute rejection. Prophylaxis 
with TMP-SMX makes this a rare entity; however, patients 
who do not receive prophylaxis due to allergy or noncompli
ance should be promptly evaluated for PCP should they pres
ent with respiratory illness, as untreated PCP has a high mor
tality. Diagnosis is typically made by bronchoscopy and 
broncho-alveolar lavage (BAL) with methenarnine-silver stain 
of washings or by transbronchial biopsies. The characteristic 
alveolar and interstitial changes seen on chest radiograph are 
late findings and a normal film should not delay further eval
uation and therapy. Empirical therapy is normally started prior 
to established diagnosis with IV TMP-SMX or inhaled pen
tarnidine. Dapsone is also used in patients with sulfa sensitiv
ity. Concurrent CMV infection is common, and CMV inves
tigative studies should be undertaken in patients who fail to 
respond promptly to appropriate therapy for PCP. 

Toxoplasma gondii is seen in immunosuppressed transplant 
patients, presenting as brain abscess with neurologic 
changes.80 This entity is seen late in the posttransplant pe
riod, while brain abscess presenting in the early posttransplant 
period is more likely to be funga1. 81 Cardiac transplant pa
tients seem to be at greatest risk, possibly due to the presence 
of T. gondii cysts in donor myocardial tissue. Transplantation 
from cardiac allograft donors who are seropositive for T. 
gondii is normally accompanied by prophylactic treatment 
with pyrimethazine and sulfadiazine for 3 to 6 months. Treat
ment is with pyrimethazine and sulfadiazine, and mortality is 
high in patients with established CNS abscesses. 
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Posttransplant Lymphoproliferative 
Disorders 

Posttransplant lymphoproliferative disorders' encompass a 
broad range of pathologies from simple lymphoid hyperpla
sia to aggressive monoclonal B-celllymphomas. Epstein-Barr 
virus infection plays a central role in the etiology of these dis
orders, accounting for the inclusion here in a discussion of 
infectious complications of transplantation. In particular, pri
mary EBV infection occurring after transplantation and im
munosuppression has been associated with a markedly in
creased risk for the development of PTLD.82,83 Other risk 
factors include active CMV disease,84 CMV D+/R- mis
match,82 increasing intensity of immunosuppression,85,86 and 
possibly hepatitis C virus infection87 and recipient cytokine 
gene polymorphisms.88 Posttransplant lymphoproliferative 
disease are least common in adult renal transplant recipients 
and most common in children receiving small-bowel allo
grafts, with pancreas and kidney-pancreas transplant patients 
exhibiting intermediate risk (chapter 9.2.5). Posttransplant 
lymphoproliferative disorders most commonly occur early af
ter transplantation, concurrent with the most intense im
munosuppression and with the use of anti-T cell therapy for 
acute rejection. However, a subset of PTLD occurs late (sev
eral years) after transplant. These late-occurring neoplasms 
appear to be related more to patient age, duration and inten
sity of immunosuppression, and type of graft than to the more 
typical risk factors seen in early onset disease. 

The clinical presentation of PTLD varies widely, as might 
be expected from the wide range of pathology encountered 
with this entity. Many patients will experience fever, sweats, 
and myalgias as the only symptoms. Weight loss, diarrhea, 
and symptoms of upper-respiratory infection are also com
mon. Some but not all will develop lymphadenopathy. Cen
tral nervous system involvement, which occurs in up to 20% 
of cases,89 will often manifest as mental status changes. Gas
trointestinal disease may be silent or may present as abdom
inal pain, GI bleeding, perforation with peritonitis, or bowel 
obstruction. Intrathoracic PTLD has a characteristic radi
ographic appearance of multiple circumscribed pulmonary 
nodules that may or may not be accompanied by mediastinal 
lymphadenopathy. Posttransplant lymphoproliferative disor
der in the allograft itself can present similarly to acute rejec
tion, and making this diagnosis correctly on biopsy is essen
tial as the therapeutic approach to these two entities is 
diametrically opposite, one from the other. 

Biopsy of the lesion is the gold standard in making the di
agnosis of PTLD. Biopsy specimens are histologically graded 
based on cell morphology and nodal architecture and assessed 
for clonality and EBV positivity. Special stains are used to 
identify cell origin. Biopsies should be reviewed by patholo
gists farniliar with PTLD as well as with allograft rejection 
and opportunistic infection with reference to consensus con
ference standards for the grading and classification of 
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PTLD.90 Histological classification is at present by the Har
ris standard formulation.91 Ebstein-Barr virus serology does 
not typically add to the diagnostic work-up of PTLD, with 
many false negatives in established primary EBV infec
tion.92,93 Sirnilarly, peripheral cytology is not helpful in mak
ing the diagnosis.94 Patients suspected of harboring PTLD 
should have imaging of the head, thorax, and abdomen. 

Currently, there are little clinical data directing the optimal 
prophylaxis regimen against PTLD. Clearly, it is important to 
identify the high-risk patients (children, liver and bowel trans
plant recipients, EBV -positive recipients, patients receiving 
intense anti-T-cell therapy for rejection) and monitor them 
closely. Sirnilarly, OKT3 therapy should not be started in 
high-risk patients without a clear biopsy diagnosis of acute 
rejection. Both antiviral agents and passive immune transfer 
with anti-EBV immune globulin have been proposed as pro
phylaxis against PTLD, but data supporting these approaches 
is at present lacking. Several trials are ongoing to establish 
the best approach.95 Intriguingly, the improvements in base
line immunosuppression preventing acute rejection appear to 
decrease the frequency of PTLD, likely by reducing the fre
quency of OKT3 or other cytolytic therapy.96 

Treatment of established PTLD is variable depending on 
the clinical situation and histological diagnosis of each indi
vidual patient. There are no trials to guide therapy; hence, a 
graded, individualized approach is taken. Ordinarily, im
munosuppression is reduced to minimal levels and specific 
therapy directed at the neoplasm is instituted. Between 25% 
and 50% of patients will show regression of their PTLD af
ter reduction in immunosuppression.97,98 Surgical interven
tion is clearly indicated for GI PTLD, which manifests as an 
acute abdomen. Surgical debulking of tumor burden has also 
been utilized in amenable cases,99 as has radiotherapy. 100 
Medical approaches to treating PTLD include antiviral med
ications,101 interferon-a,102,103 immunoglobulins,83,101 stan
dard, low-dose, and high-dose chemotherapy protocols, 104, 105 
and-most recently-monoclonal antibodies directed against 
B-cell surface markers such as CD19 and CD20 (ritux
imab)YJ6,107 In unusual cases, immunomodulatory therapy 
with adoptive transfer of cytotoxic T cells sensitized to EBV 
has been attempted with some success.108 At present, there is 
no consensus approach to these challenging patients, and a 
graded, individualized approach is warranted until the issue 
is clarified by trials. Late-onset PTLD, occurring at greater 
than 1 to 2 years posttransplant will often not respond to the 
reduction in immunosuppression and medical therapy used in 
early onset disease. This neoplasm is often EBV negative and 
is difficult to treat due to the infectious complications of the 
aggressive chemotherapy that is often required. Sirnilarly, 
CNS involvement may be a marker for potential refractori
ness to therapy, possibly due to the relatively privileged im
mune site. Treatment options here include intrathecal admin
istration of interferon-a and anti-B cell antibody therapy 
along with local radiotherapy, but the prognosis remains 
guarded.89,109 
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9.2.4 
N onirnmunologic Endocrine Graft Dysfunction 
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The effect of the host alloimmune response on graft function 
and survival has been extensively studied. (See chapters 9.2.2, 
11, and 13.1 for information on temporary or chronic endocrine 
graft dysfunction due to acute or chronic rejection, recurrence 
of autoimmune type 1 diabetes, vascular complications, infec
tion, or graft pancreatitis.) But, relatively little attention has been 
paid to endocrine graft dysfunction due to causes other than re
jection or recurrence of autoimmune diabetes. 

Endocrine graft dysfunction manifests most commonly as hy
perglycemia and, more rarely, as hypoglycemia. Note that the 
term "endocrine graft dysfunction" may be a misnomer because 
causes not primarily related to the graft itself may lead to hy
perglycemia (e.g., administration of diabetogenic drugs, new de
velopment of an insulin-resistant state) or hypoglycemia (e.g., 
insulin autoantibodies). 

Adequate pancreas graft function can be stringently defined 
by fasting blood glucose levels in the normal range without any 
need for supplemental exogenous insulin or oral hypoglycemic 
agents. Conversely, pancreas graft nonfunction can be defined 
by the need for supplemental insulin or oral hypoglycemic 
agents to maintain glucose levels in anormal or near-normal 
range. Such dear-cut definitions ignore pancreas recipients who 
might still derive some benefit from a partially functioning graft 
(e.g., avoidance of ketoacidotic complications without requir
ing insulin). Nonetheless, they reflect the standards used for out
come analysis of other solid-organ grafts. Similar standards 
should, ideally, also be applied to other modalities of insulin re
placement therapy, such as islet allotransplants. 1 

Hyperglycemia 

Primary Nonfunction 

Primary nonfunction is weH defined and routinely reported for 
other solid-organ transplants, such as the kidney and liver. But, 

its true incidence for pancreas transplants remains unknown. 
Primary nonfunction is typically defmed by the absence of graft 
function after other causes of early graft failure (e.g., vascular 
graft thrombosis, hyperacute rejection) have been mIed out. For 
pancreas transplants, primary nonfunction entails the perma
nent need for insulin posttransplant. In the recent literature, only 
one study directly addresses this issue.2 According to that large, 
single-center series of 1,084 pancreas transplants, the incidence 
of primary nonfunction was 0.5% and advanced donor age was 
identified as a risk factor.2 In contrast, one case report of a pan
creas recipient who never became insulin-independent post
transplant described the problem as posttransplant type 2 dia
betes.3 That case study illustrates the difficulties associated with 
diagnosing primary nonfunction and the lack of a widely ac
cepted definition in the field. 

It is a matter of speculation whether the incidence of pri
mary nonfunction after pancreas transplants is tmly as low as 
reported (0.5%). If it is that low, the reason may be the more 
stringent selection criteria for pancreas donors as compared 
with other solid-organ donors. In addition, primary nonfunc
tion of other solid-organ grafts usually correlates with longer 
preservation times and the use of older donors. However, 
those two donor-related risk factors for primary nonfunction 
of extrapancreatic solid-organ grafts are also significant risk 
factors for early technical failure of pancreas grafts.4 It may 
be that pancreas grafts fail because of technical complications 
(e.g., graft thrombosis, infection) before primary nonfunction 
can even be diagnosed. 

Other causes of early pancreas graft nonfunction (e.g., 
hyperacute rejection, graft thrombosis) can be mled out if 
C-peptide, insulin, and proinsulin levels are elevated and if 
the proinsulin-to-insulin ratio is elevated. In one report of two 
pancreas recipients who never achieved insulin independence 
(and whose grafts would thus fulfiH the stringent definition 
of primary nonfunction), fasting proinsulin levels were ele-
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vated, indicative of premature insulin release due to metabolic 
stress. However, it is unc1ear whether such laboratory find
ings predict irreversible graft 10ss.5 

Delayed Endocrine Graft Function 

For extrapancreatic solid-organ grafts, delayed endocrine 
graft function requires a temporary substitute for, or medical 
support of, the recovering graft: posttransplant dialysis (for 
kidney transplants), plasmatic coagulation factors (liver), or 
inotropic agents (heart). Surprisingly, for pancreas transplants 
delayed endocrine graft function has received little attention. 
The few reports that address this phenomenon describe a vari
able incidence.6--8 

In general, delayed endocrine graft function can be defined 
by a temporary discrepancy, early posttransplant, between the 
graft' s functional, physiological capacity and the recipient' s 
functional, physiological needs. For most solid-organ grafts, 
the recipient' s physiological demands are not significantly 
higher immediately posttransplant as compared with the pe
riod after hospital discharge. For example, kidney and heart 
grafts do not face a significantly different "workload" over 
time (except for the consequences of the hypermetabolic
hyperdynarnic state induced by the transplant operation itself). 

But, pancreas grafts are unique with regard to their workload 
over time. Besides the usual sequelae of procurement and preser
vation, pancreas grafts face an organ-specific host of factors that 
antagonize the restitution of early posttransplant euglycernia. 
Obesity and dyslipidernia (caused by diabetes) can increase in
sulin resistance. Urernia, as present in simultaneous pan
creas-kidney recipients with end-stage diabetic nephropathy, 
can also increase insulin resistance. Recipients with systernic 
venous graft drainage have hyperinsulinernia. Metabolic control 
after systernic venous drainage and after portal venous drainage 
of the pancreas graft effluent is equally adequate; nevertheless, 
an overall higher amount of insulin may be necessary after sys
ternic venous drainage to achieve the same metabolic effect, ef
fectively increasing the metabolic stress on the pancreas. 

Further, the denervation of the pancreas graft may-:-at least 
hypothetically-impair posttransplant secretory responses. 
The consequences of the transplant operation itself, and its 
resultant stress and hyperglucagonemia, can increase the de
mand for insulin. So can infusion of glucose-coritaining so
lutions or total parenteral nutrition. In addition, prednisone, 
cyc1osporine, and tacrolimus, all administered posttransplant, 
decrease glucose tolerance and can have adverse effects on 
the islets themselves. Moreover, dirninished insulin secretion 
(as in the case of a pancreas graft recovering from ischernia
reperfusion injury) can in itself decrease sensitivity to insulin, 
independent of concornitant hyperglycernia. 

Given this vast array of factors working against the en
docrine allopancreas, in particular, early posttransplant (e.g., 
due to high-dose steroids, slowly resolving urernia), it is sur
prising that so few detailed reports address the quality of im
mediate endocrine graft function. Delayed endocrine graft 
function rates of 3% to 69% have been reported.6--8 However, 
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all but one8 of those reports did not specify the indications 
for, or the doses and duration of, insulin administration.6,7 

The one exception did address insulin administration in a 
more systematic fashion: In that report, blood glucose levels 
were maintained below 150 mg/eIL for the first 2 weeks post
transplant using continuous insulin infusion as necessary.8 

Delayed endocrine graft function was defined by the amount 
of insulin needed to achieve that metabolic goal. With con
tinuous insulin infusion (akin to a variation of the euglycernic 
hyperinsulinernic c1amp technique), the incidence of delayed 
endocrine graft function was relatively high: 69%. It was as
sociated with pretransplant recipient weight > 80 kg, donor 
age over 45, and cardiocerebrovascular and nontraumatic 
causes of donor death. Interestingly, the incidence of acute 
pancreas rejection episodes was sirnilar for recipients with 
and without delayed endocrine graft function. In contrast, past 
studies of kidney recipients have shown that delayed graft 
function is associated with a higher incidence of rejection.9 

Nevertheless, in the continuous-infusion study, pancreas graft 
survival at 3 years was significantly lower for recipients with 
delayed graft function. The study's authors conc1uded that the 
increased rate of pancreas graft failure after delayed endocrine 
graft function was a consequence of insufficient functional 
reserve (e.g., older donors), rather than of increased im
munogenicity. Of note, in simultaneous pancreas-kidney re
cipients delayed function of the pancreas did not correlate 
with delayed function of the simultaneously transplanted kid
ney. Thus, pretransplant reduction of recipient weight and 
careful donor selection are important to optimize early post
transplant endocrine graft function. 8 

Clearly, additional investigations in this vastly underex
plored field are necessary. Reliable methods must be devel
oped to assess endocrine graft function of the donor pancreas 
be/ore explantation. Also crucial is assessment of the recipi
ent' s overall endocrine requirements (inc1uding the sum of in
sulin resistance and the derangemeht of glucose homeostasis 
caused by immunosuppressants). Functional matching of a 
donor and recipient pretransplant would allow expansion of 
the donor pool and further improve long-term outcome of pan
creas transplants. 

Late Pancreas Graft Dysfunction 

Even less is known about the true incidence and causes of 
late (> 4 weeks posttransplant) endocrine dysfunction sec
ondary to causes other than acute or chronic rejection and re
currence of type 1 diabetes (Table 9.2.4.1). 

Isolated case reports have been published about pancreas 
recipients who developed type 2 diabetes posttransplant with 
and without any identifiable cause (e.g., new onset of obe
sity).3,1O,1l Administration of diabetogenic drugs may playa 
role. Theoretically, it is also possible that a cadaver pancreas 
donor was destined to develop type 2 diabetes later in life. 
Pancreases from such donors may be more prone to dys
function in the recipient, in particular when placed under phar
macological (e.g., corticosteroids) or immunologic (e.g., re-
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TABLE 9.2.4.1. Causes of late endocrine graft dysfunction 
resulting in hyperglycernia. 

Chronic rejection 
Late acute rejection 
Graft pancreatitis 
New onset of type 2 diabetes 

Insulin-resistant state 
Impaired insulin secretion 

Drug side effects 
Corticosteroids 
Calcineurin inhibitors 

Tacrolimus 
Cyclosporine 

Vascular complications 
Late graft thrombosis (arterial > venous) 
Arteriovenous fistula 
Mycotic pseudoaneurysm 
Preanastomotic arterial stenosis 
Intragraft atherosclerosis and stenosis 
Graft arterial aneurysm 

Recurrence of type I diabetes 
Infections 

Systernic 
Local (e.g., intra- or perigraft abscess) 

jection) stress. Pancreatitis and vascular complications per
taining to the recipient' s or graft' s vasculature mayaiso on 
occasion be responsible for endocrine dysfunction (Table 
9.2.4.1) (see also chapter 9.2.2). 

Glucose intolerance with "normal" fasting C-peptide and 
free insulin levels, with or without elevated fasting proinsulin 
levels and an elevated proinsulin-to-insulin ratio, may indi
cate graft dysfunction under metabolic stress conditions.5,12 
If acute or chronic rejection cannot be ruled out as a cause of 
the endocrine dysfunction, a pancreas biopsy may be indi
cated. In bladder-drained recipients, preserved urinary amy
lase production at or near baseline provides an additional 
means to differentiate nonimmunologic from immunologic 
late pancreas graft dysfunction. 

Treatment of recipients with late endocrine dysfunction in
cludes addressing the underlying cause if possible, (e.g., insti
tuting a weight loss regimen). Selected recipients may benefit 
from steroid withdrawal and a switch from diabetogenic im
munosuppressants (cyclosporine and tacrolimus) to those with
out notable impact on glucose metabolism (e.g., sirolimus). 
Medical treatment, as in any other type 2 diabetic patient, 
should aim at enhancing insulin secretion (e.g., with sulfony
lureas), improving insulin action (e.g., with thiazolidinediones), 
and insulin administration, as necessary. Intensive treatment 
may even induce at least a transient remission of the endocrine 
graft dysfunction, according to one case report. 13 

The rare recipient who experiences isolated pancreatic ex
ocrine burnout is a diagnostic and prognostic challenge. In blad
der-drained normoglycemic pancreas recipients, burnout man
ifests as progressive and persistent loss of urinary amylase 
production in the absence of acute rejection. In the only reported 
case series, no endocrine abnormalities had been observed at 
the time burnout was diagnosed or during the relatively short 

follow-up (mean, 20 months),I4 Future studies with longer fol
low-up will need to investigate whether the observed dissocia
tion between (decreased) exocrine and (stable) endocrine func
tion predicts eventual late endocrine graft failure. 

Hypoglycemia 

About 25% to 50% of pancreas recipients report occasional 
symptoms of hypoglycemia, as late as several years post
transplant. 15- 19 A few studies have documented hypo
glycemia in pancreas recipients reporting hypoglycemic 
symptoms. 15,17,20,21 But, the significance of those findings is 
unclear because blood glucose levels were measured after an 
intravenous glucose pulse or a liquid meal rather than under 
"real-life" conditions. 17,20 Moreover, hypoglycemia does not 
always correlate with clinical symptoms and can thus be 
asymptomatic. 19 However, severe hypoglycemia that results 
in loss of consciousness or requires intervention is rare. 

At least six different mechanisms have been proposed for 
hypoglycemia after pancreas transplantation. First, in recipi
ents with systemic venous drainage hypoglycemia may be due 
to the absence of the hepatic first-pass effect of pancreatic 
hormones, resulting in increased uptake of glucose by mus
cle, decreased hepatic gluconeogenesis and glucose release, 
and systemic hyperinsulinemia.22 

Second, other investigators have suggested that an elevated 
insulin antibody titer may cause hypoglycemia. 15,20,21 Anti
insulin antibodies may induce hypoglycemia by prolonging 
the half-life of circulating insulin, with the relatively large 
amount of antibody-bound insulin serving as a reservoir. Af
ter free insulin is cleared, it would be replaced by insulin dis
sociating from the circulating antibody, hence maintaining an 
inappropriately high free insulin concentration. Alternatively, 
the insulin bioactivity may be potentiated by the ability of the 
antibodies to cross-link insulin to the insulin receptors. Or, 
anti-insulin antibodies may be anti-idiotypic and capable of 
self-activating the insulin receptors.21 

Third, partially defective counterregulatory responses to 
hypoglycemia may be involved. After a successful pancreas 
transplant, glucagon responses to hypoglycemia are restored 
to normal. In contrast, epinephrine secretion, which is par
tially defective in type 1 diabetics who undergo a pancreas 
transplant, improves but is not restored to the levels observed 
in nondiabetics during a hypoglycemic challenge.23 These 
findings may explain the occasional manifestation of post
transplant hypoglycemia. Interestingly, in arecent report on 
two pancreas recipients with docurnented hypoglycemia the 
glucagon response to hypoglycemia was noted to be blunted.24 

The report' s authors postulated that altered hepatic glucose pro
duction (seen in type 1 diabetics who do not undergo a trans
plant) persists posttransplant. However, their fmdings contra
dict the demonstration by other studies of (1) normalization of 
counterregulatory mechanisms to hyperglycemia, at least with 
respect to the glucagon response,23,25,26 and (2) normalization 
of hepatic glucose production.27 
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Fourth, a more recent study postulated that the hypo
glycemia seen in pancreas recipients may be a reactive post
prandial hypoglycemia. 15 

Fifth, hypoglycemia has been associated, in at least one in
stance, with an inflammatory pseudotumor of the pancreas 
graft.28 

Sixth, severe hypoglycemia was observed in one recipient 
who had developed nesidiodysplasia of the pancreas graft.29 

Fortunately, the vast majority of hypoglycemic episodes 
are clinically benign and self-limiting. The reason may be that 
symptom responses to hypoglycemia are fully restored in re
cipients of functioning pancreas grafts.23 If symptoms persist, 
the diagnosis of hypoglycemia must first be confirmed by 
means other than ahorne glucometer (which can deliver 
falsely low results): Glucose measurements must be assessed 
by a regular laboratory. For most pancreas recipients with 
confirmed hypoglycemic episodes, dietary modification (e.g., 
increased intake of complex carbohydrates, increased meal 
frequency) should suffice. Only under exceptional circum
stances should diazoxide, somatostatin, glucagon, or trans
plant pancreatectomy be necessary.21.29,30 
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9.2.5 
Posttransplant Malignancies 

Steven Paraskevas, farnes E. Coad, and Rainer W.G. Gruessner 

De novo malignancies, a proven and undeniable risk for 
chronically immunosuppressed solid-organ transplant recipi
ents, are seen with increasing frequency now that outcomes 
have improved and patient survival routinely extends into 
decades. The malignancies posing the most significantly in
creased risk for recipients treated with cyclosporin A have 
been outlined by Penn and Brunson1: skin cancers, Hodgkin's 
lymphoma, and Kaposi' s sarcoma. Other histologie types, 
more common in the general population, pose no increased 
risk for transplant recipients. Certain malignancies, notably 
posttransplant lymphoproliferative disorder (PTLD), are pe
culiar to solid-organ transplant recipients. The known risk fac
tors include viral infection-such as Epstein-Barr virus 
(EBV), human papilloma virus (HPV), and cytomegalovirus 
(CMV}-in combination with immunosuppression, including 
antilymphocyte preparations. 

PTLD 

PTLD, a spectrum of diseases of the lymphoid cell lineage, 
often affects solid-organ transplant recipients. It is variously 
categorized by histopathologie, molecular, and clinical char
acteristics. The incidence in transplant recipients ranges from 
0.8% to 20%. The precise incidence, diagnosis, and treatment 
rely extensivelyon the method of classification. EBV, a mem
ber of the herpes virus family, has been implicated in the 
pathogenesis of Burkitt' s lymphoma, carcinoma of the na
sopharynx, and Hodgkin's disease. In immunosuppressed 
transplant recipients, EBV infection plays a crucial role in the 
development of PTLD.2 After prlmary EBV infection from 
an EBV-positive donor to an EBV-negative recipient, the 
most common risk factors for the development of PTLD are 
the use of antilymphocyte antibody preparations and concur-

rent CMV.3 EBV-driven B-cell proliferation spans a wide 
range of clinical and pathologie manifestations, from more 
benign and reversible polyclonal proliferation to malignant 
lymphomas. 

Two strains of EBV are known, together accounting for an 
almost ubiquitous exposure in the general population. In 
Western industrialized countries, the incidence of EBV im
munity reaches 90% by age 40.4 EBV-I and EBV-2 differ in 
their expression of genes encoding the nuclear antigens des
ignated as EBNA-2, -3A, -3B, and -3C. They also differ in 
their geographic distribution, with EBV-I being more com
mon in the Western hemisphere and EBV-2 found in Africa 
and New Guinea.5 In immunocompetent individuals, EBV in
fection is held in check by cytotoxie T cells and perhaps by 
natural killer (NK) cells as well.6 Humoral immunity has also 
been documented.1 

EBV Infection and Pathogenesis 
of B-Cell Transformation 

Transmission of EBV from a seropositive donor to a naive 
recipient is virtually 100%.8 Infection of B cells with EBV 
begins with the binding of outer envelope glycoproteins with 
the cell surface marker CD21. Infected B cells express adhe
sion molecules, B-cell activation markers, and latent viral pro
teins.9 Latent infection, without the replication or release of 
virus particles, results in the expression of 11 viral genes: 6 
nuclear proteins called EBNAs; 3 integral membrane proteins, 
LMP-I, -2A, and -2B; and 2 small EBV-encoded non
polyadenylated RNAs, EBER-I and EBER-2. 1O The latter two 
are also highly expressed and are useful in identifying infected 
cells. The linear EBV genome circularizes to form an epi
some, resulting in the transformation of B cells and their au
tonomous growth. 
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Nonually, cells expressing EBV antigens are eliminated by 
cytotoxie T lymphocytes (CTLs); CD8+ CTLs directed 
against viral markers are seen in high numbers in seroposi
tive, healthy individuals. 11 Several mechanisms are used by 
the EBV-infected B cell to evade the immune response. In
fected B cells fail to express B7, a molecule required for co
stimulatory T-cell activation. In addition, some fonus of la
tent infection result in the expression of a single viral gene, 
EBNA-l. This gene includes a promoter sequence protecting 
it from the HLA class 1 antigen processing pathway and is 
thus unavailable for presentation to CD8 + CTLs. After a 
solid-organ transplant, the CTL response is blunted further by 
the administration of antilymphocyte preparations, which can 
result in the release of cytokines known to favor B-cell growth 
(such as interleukin-6 [IL-6]) and cytokines inhibiting the T
cell response (such as IL-1O).12 The degree of viral load has 
been thought to correlate with primary infection and with the 
development of PTLD in solid-organ transplant recipi
ents. 13,14 Antibody levels correlate poorly with infection, but 
transplant recipients, in particular those who develop PTLD, 
have low or absent levels of anti-EBNA antibodies. 

Transfonuation of B cells gives rise initially to polyclonal 
expansion. Differential sensitivity to host CTLs may result in 
oligoclonal or monoclonal characteristics in the lesion as cer
tain clones gain a growth advantage. Cytogenetic abnonuali
ties are accumulated, in partieular those involving proto-onco
genes or mutations in tumor suppressor genes. Frank neoplastic 
transfonuation ensues, resulting in a monoclonal malignancy.15 

Classification 

After their first description in solid-organ transplant recipi
ents in 1968,16 the recognition slowly grew that these PTLD 
lesions were lymphoid tumors capable of regression. The first 
PTLD classification system, proposed by Frizzera et al. in 
1981, relied purelyon histologic criteria,17 as did subsequent 
modifications, as weIl as a new schema proposed by Nalesnik 
et al. 18 The first classification system using genotypie data 
was introduced in 1989 by Locker and Nalesnik.19 This sys
tem was the first to recognize the importance of EBV DNA 
incorporation and the clonality of the infected cells. But it is 
now obsolete, given the recognition of other fonus of PTLD, 
such as T-cell PTLD and EBV-negative PTLD. A still more 
comprehensive classification system was introduced in 1995 
at the Workshop of the Society of Hematopathology.2o This 
system recognizes three basic categories of PTLD: benign le
sions, B-cell PTLD, and T-cell PTLD. The B-cell category is 
further divided into (1) plasmacytic hyperplasia, (2) poly
morphie PTLD, and (3) malignant lymphoma and multiple 
myeloma (Fig 9.2.5.1). 

Plasmaeytie Hyperplasia 

Histologically, lesions in this subcategory show preservation of 
the nonual lymph node architecture, with smaIl, minimally 
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atypicallymphoid cells proliferating in the interfollicular area. 
This subcategory includes lesions that are polyclonal and do 
not usually express immunoglobulin (Ig) gene rearrangements. 
Similarly, mutations to proto-oncogenes or tumor suppressor 
genes are rare in this subcategory. Evidence of EBV infection 
is common and can be either monoclonal or polyclonal. In gen
eral, the prognosis for these lesions is good: Recurrence is rare. 

Polymorphie PTW 

This is the most common subcategory of PTLDs. These lesions 
show obliteration of nonual histologic architecture by a poly
morphic cell population; some areas have a monotonous cel
lular appearance. Also, some areas of necrosis are common. At 
the molecular level, Ig gene rearrangements are common, but 
proto-oncogene alterations are not. Clonal EBV infection is 
seen in most cases. These lesions classically appear within 1 
to 2 years posttransplant as stage I, 11, or, III disease. Multi
agent chemotherapy is the treatment of choiee if the lesions do 
not regress with areduction in immunosuppression. 

Malignant Lymphoma and Multiple Myeloma 

In this subcategory, lesions are clinically and histologically 
similar to the malignant lymphoma seen in immunocompe
tent individuals. Lesions are largely diffuse, large-cell lym
phomas or multiple myelomas. Histologically, they appear as 
monotonous cell populations destroying the nonual architec
ture of the tissues in which they appear. Extranodal sites are 
frequently involved, including the central nervous system, ab
dominal viscera, and solid-organ allograft. Multiple myeloma 
lesions contain malignant-appearing plasma cells. Most of 
these lesions demonstrate B-cell phenotypie markers and have 
clonal rearrangements of Ig heavy and light chains. They also 
consistently express structural alterations of proto-oncogenes 
or tumor suppressor genes. These lesions typically have a 
more aggressive clinieal course: They are more advanced at 
presentation and less responsive to multi agent chemotherapy. 

T-CellPTW 

T-celliesions are a rare variety of PTLD, with a small num
ber of cases reported. 21-24 They usually occur much later (me
dian, 5 years posttransplant) than the B-cell variety (median, 
<1 year). Allograft involvement is rare with T-celliesions, 
in contrast to B-celliesions. EBV-positive cases, accounting 
for <50% ofT-cell PTLD, tend to occur later than non-EBV
associated PTLD. EBV infection of T cells may be mediated 
by the CD2l receptor.25 Clinically, T-cell PTLD lesions tend 
to behave more aggressively than the three more common 
types mentioned above. 

Clinical Presentation 

The most common manifestation of PTLD is viral illness with 
fever, pharyngitis, myalgia, and lymphadenopathy, usually 



FrGURE 9.2.5.1. (A) PTLD: hyperplastic type 
with expansion of the B- and T -eell regions 
with arehiteetural maintenanee (CD3 im
munostain with darker T -eell regions and 
pale B-eell follic1es). (B) PTLD: polymor
phie type with a heterogeneous speetrum of 
small and large eells (hematoxylin and eosin 
stain). (C) Monomorphic posttransplant lym
phoma: diffuse, large-eell type, B-eell phe
notype with intermixed nonneoplastie small 
T eells (hematoxylin and eosin stain). 
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within the first year posttransplant. Localized adenopathy may 
on occasion be seen, but widespread disease is more common 
at the time of presentation. Other clinical aspects depend on 
the organ system involved. Primary allograft involvement as 
the presenting feature is seen in roughly 17% of kidney allo
graft recipients with PTLD, 9% of liver recipients, and 60% 
to 80% of lung and intestinal allograft recipients with PTLD. 
Allograft involvement as a whole is common in kidney re
cipients. Reart allograft involvement is rare. 

Because PTLD may present with allograft dysfunction in 
the first few months posttransplant, the diagnostic challenge 
is to differentiate it from acute rejection: The respective treat
ments are at opposite ends of the therapeutic spectrum.26,27 
In the pancreas, one study recently found that with acute re
jection were inflammatory infiltrates composed of mixed 
small and large activated T cells, with a minority of other cell 
types (usually eosinophils and neutrophils). The areas of in
volvement typically included acini; acinar cell damage was 
the hallmark. Arterial wall involvement was common (man
ifesting as endotheliitis), as was ductal inflammation. In 
biopsy specimens positive for PTLD, the infiltrates consisted 
of a substantial proportion of atypical B cells. They involved 
the pancreatic parenchyma randomly, without affinity for the 
acini, were often nodular, and involved peripancreatic tissue. 
Arterial walls were spared, although venous endotheliitis was 
seen. Other studies have found other markers to be useful in 
distinguishing PTLD from acute rejection, such as in situ hy
bridization for EBER.28 

Radiologically, PTLD in the pancreas may present as non
specific or diffuse allograft enlargement, as reported by 
Meador et al.29 The differential diagnosis for this finding in
cludes graft pancreatitis or rejection-conditions that may be 
excluded only by biopsy results or by the presence of extra
or intra-allograft focal masses. 

Treatment 

Reduced Immunosuppression 

The first and most essential step in PTLD treatment is to re
duce immunosuppression. Starzl et al. first described this ap
proach in the early 1980s.3o Most centers still report regression 
of poly- and monoclonal EBV-associated lesions in 23% to 
86% of patients whose primary or only therapy is reduction of 
immunosuppression.31 Such a great variation in effectiveness 
may be due to the array of definitions of PTLD and the inclu
sion, in some reports, of lesions that would otherwise be con
sidered to represent benign hyperplasia. Still, a substantial num
ber of recipients will respond to reduced immunosuppression 
alone, usually within 2 to 4 weeks. The goal of this approach 
is to allow re-establishment of the population of CTLs capable 
of attacking EBV-infected cells. Interestingly, solid-organ re
jection has rarely been reported in this context, a testament to 
the deep state of immunosuppression exhibited by these recip
ients. In our series at the University of Minnesota, none of the 
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pancreas recipients experienced rejection as a result of reduced 
immunosuppression. For pancreas recipients, as for kidney and 
liver recipients, it is sufficient to stop calcineurin inhibitors, 
azathioprine, and/or mycophenolate mofetil and only continue 
prednisone at maintenance levels. Rowever, for heart, lung, and 
intestinal recipients maintenance of low levels of calcineurin 
inhibitors is recommended because of the greater risk and se
quelae of rejection.31 

In arecent study of 42 adult solid-organ transplant recipi
ents who developed PTLD and whose treatment involved re
duced immunosuppression, Tsai et al. identified some prog
nostic factors associated with failure of this approach. Of 30 
recipients treated with reduced immunosuppression alone, 19 
(63%) experienced complete remission of their PTLD (me
dian time, 3.6 weeks). Multivariate analysis showed that an 
elevated lactate dehydrogenase ratio, organ dysfunction, and 
multiorgan PTLD involvement were independent prognostic 
factors associated with lack of response to reduced immuno
suppression. Of those 30 recipients, recipients with none of 
these prognostic factors had a response rate of 89% (16/18); 
with one prognostic factor, 60% (3/5); and with two or three 
prognostic factors, 0% (0/7).32 Univariate analysis showed 
that low-grade PTLD also contributed to favorable response 
but did not contribute independent information when other 
factors were considered. Other studies have also exarnined 
prognostic factors, albeit less thoroughly. In one study, the 
incidence of allograft rejection was about 39%; these rejec
tion episodes were easily treated, with only one case of graft 
10ss.33,34 

Cytotoxic Chemotherapy 

The need for chemotherapy appears to be increased in adult 
pancreas recipients and in those of any age who develop 
PTLD more than 2 years posttransplant; both of these sub
groups are less like1y to respond to a reduction of immuno
suppression. Some authors have suggested that identifying 
molecular markers (such as oncogene expression or tumor 
suppressor gene mutation) may offer a chance to identify, at 
the time of PTLD diagnosis, those recipients likely to require 
and respond to cytotoxic chemotherapy. The agents used vary 
from center to center, but most centers closely duplicate their 
protocols for true malignant lymphomas. Routine use of 
chemotherapy is controversial and is usually reserved for 
monomorphic, aggressive lesions appearing late after trans
plantation. 

Antibody Therapy 

An anti-CD20 chimeric human-murine monoclonal antibody, 
rituximab, is potentially useful for treating CD20-positive 
B-cell lesions. CD20 is not normally expressed on hematopoi
etic stern cells or other cell types. Anecdotal reports have been 
published on the efficacy of this antibody in PTLD in gen
eral35,36 and in pancreas transplantation in particular.37 In a study 
by Milpied et al.,38 26 of 32 patients treated with this antibody 
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were solid-organ transplant recipients, inc1uding 1 kidney-pan
creas recipient. In most cases, the antibody was used as primary 
therapy in conjunction with reduced immunosuppression. The 
response among the solid-organ recipients was 65%, inc1uding 
two partial responses. The projected l-year survival of the re
sponders was 73%. More recent case reports have suggested a 
role for rituximab in conjunction with the antiviral cidofovir, in 
the treatment of PTLD with central nervous system (CNS) in
volvement.39 To date, no multicenter randomized controlled 
clinical trials reported on the efficacy of this antibody. But it re
mains promising, both as first line and as salvage therapy, with 
few reported side effects. The utility of rituximab in treating 
non-CD20-expressing lesions is unknown. 

Antiviral Agents 

The theoretical advantage of antiviral therapy lies in its po
tential prevention, rather than treatment, of EBV -induced 
PTLD. Both acyc10vir and gancic10vir effectively inhibit EBV 
genome replication in vitro.40 These agents help suppress the 
lytic phase of EBV replication, but their effect on the latent 
phase, in which proliferation of transformed B cells occurs, 
is limited.3 Nonetheless, and despite limited evidence-based 
support, antivirals remain a routine component of PTLD treat
ment regimens. 

However, if the lytic phase accounts for much of the viral 
replication preceding c1inical PTLD, then there would be a 
role for antivirals in PTLD prevention as well.41-43 Mea
surement of the EBV viral load by quantitative polymerase 
chain reaction (PCR) assays showed a 30- to 40-fold increase 
in this parameter in transplant patients with PTLD, as com
pared with those with normallatency.44-46 Kenagy et al. es
timated that the EBV viral load rises 1 to 4 months before di
agnosis of PTLD,44 an estimate that other studies have 
supported.45,47 Davis et al. ascribed the lower than expected 
incidence of PTLD in EBV-seronegative recipients of a 
seropositive organ as due, in part, to the preventive effects 
of gancic1ovir48; they suggested that while EBV infection 
may not be prevented, it may be contained to a point that is 
manageable for the immunosuppressed host. Green et al. de
veloped a protocol for EBV viral load monitoring using pre
emptive gancic10vir and CMV immune globulin; the inci
dence of PTLD in their pediatric intestinal transplant 
recipients dropped from 40% to 11 %.49,50 The association of 
CMV infection with subsequent PTLD has been noted, al
though a mechanism by which CMV might assist B-cell trans
formation has not been identified.51 The effect of antivirals 
on the development of PTLD may be mediated by their ef
fect on CMV or by a direct effect on lytic EBV replication. 

Surgery 

Surgical resection of PTLD lesions is useful in certain cir
cumstances, usually if gastrointestinal involvement is isolated, 
with or without perforation, and if local growth compresses or 
compromises vital structures. If PTLD is disseminated, the 
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role and effectiveness of surgical therapy is largely limited to 
the control of acute symptoms. 18 

Radiation 

Radiation therapy remains the primary and most effective 
treatment for PTLD in the context of CNS disease. It has been 
of limited value in the control of lesions elsewhere. 

Interferon-a 

Limited c1inical experience suggests a potential role for in
terferon-a (IFN-a)-based regimens in the treatment of PTLD. 
Davis extensively reviewed the use of interferon in PTLD.52 
Its potential mechanisms inc1ude inhibition of viral replica
tion, tumoricidal activity that may inc1ude increased expres
sion of Fas ligand, increased cytotoxicity of NK cells, and en
hanced HLA expression that may increase T -cell cytotoxicity. 
No randomized trials have been performed, but the most ex
tensive experience suggests a response rate approaching 40% 
to 50%.53 In that study by Davis et al., acute rejection pre
cipitated by IFN therapy was reported in about 30% of solid
organ recipients; it was easily treated with steroids and ces
sation of IFN therapy. Rejection was also considered a marker 
of restored immune system function, although long-term fol
low-up showed complete responses to be rare. 

Passive Immunotherapy 

Intravenous Ig (IVIg) has been used as an adjunct to IFN-a 
in a number of case reports.54-56 Its use sterns from the recog
nition that PTLD is associated with decreased or absent lev
els of antibodies against EBNAs45,57 and that increasing lev
els of antibodies are associated with a decline in EBV viral 
load.45 

Anecdotal reports have described some success with adop
tive immunotherapy using EBV-specific, partially HLA
matched CTLs of unrelated donor origin58 or using autolo
gous CTLs isolated and expanded in vitro.59 Other authors 
using IL-2-lymphocyte activated killer (LAK) cells derived 
from pancreas recipients have reported marked, long-standing 
regression of PTLD lesions.6o All these approaches are, in 
essence, an attempt to res tore the specific immunologic de
fect that allowed PTLD to develop initially. The particular 
difficulties faced in treating solid-organ recipients with EBV
specific CTLs inc1ude isolating and expanding recipient cells 
or inducing them to function in immunosuppressed individu
als without compromising the graft. The efficacy of these pro
tocols is variable, and although promising, they have yet to 
be evaluated in formal trials. 

PTLD in Pancreas Transplantation: 
Reported Experience 

Few reports focus on PTLD after pancreas transplants, in con
trast to the extensive published series on liver, kidney, and 
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thoracic transplants. Most reported cases of PTLD are men
tioned in larger multi organ series, which rarely inc1ude more 
than one or two pancreas recipients (Table 9.2.5.1). Keay et 
al. described four cases of early onset PTLD, each present
ing within 62 days after a pancreas transplant.61 The use of 
OKT3 for induction immunosuppression was associated with 
PTLD; the use ofThymoglobulin was not. The absence of an
tiviral prophylaxis was significantly associated with PTLD; 
seroconversion for CMV was not. Treatment varied with the 
severity of PTLD, but inc1uded reduced immunosuppression 
and pancreas allograft removal in all four cases. In the two 
cases of intermediate severity (polymorphic PTLD), IFN-a 
and IVIg were added to high-dose anti viral therapy; in the 
most severe case (monomorphic PTLD and malignant lym
phoma), chemotherapy was given. All four recipients had a 
favorable course and remained PTLD-free for at least 1.5 
years after treatment. 

Kroes et al. reported PTLD in a simultaneous pancreas
kidney recipient.62 Diagnosed 15 days posttransplant, it man
ifested as generalized lymphadenopathy; computed tomogra
phy revealed an edematous pancreas graft and multiple per
fusion defects in the kidney graft. Given its acuity and early 
onset, immunosuppression was stopped, both grafts were re
moved, and the recipient was treated with anti-CD19 mono
c10nal antibody, y-globulin, acyc1ovir, and IFN-a. The re
cipient had been seronegative several months pretransplant 
but apparently contracted EBV recently pretransplant from 
her companion, as suggested by PCR and Western blot analy
sis of EBNAs 1 and 6. Primary infection by EBV has, in gen
eral, been assumed to occur via the donated organ. This case 
showed that additional risk exists for recipients who undergo 
induction immunosuppression during aperiod of primary in
fection with a coincident phase of B-cell proliferation. 
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PTLD in Pancreas Transplantation: 
The University of Minnesota Experience 

From January 1989 through December 2001, 1,172 patients 
underwent pancreas transplants at the University of Min
nesota: 235 pancreas transplant alone (PT A) recipients; 422 
pancreas after kidney (PAK) recipients; and 515 simultane
ous pancreas and kidney (SPK) recipients. In that time span, 
we diagnosed 15 recipients with PTLD. The lesions covered 
the spectrum from polymorphic disease to malignant B- and 
T-cell lymphomas. Recipient and tumor characteristics are 
outlined in Table 9.2.5.2. 

At the time of their first transplant, recipients ranged in age 
from 27 to 48 years (mean, 41 ± 2). For those with the B
celliineage lymphomas, the mean time to PTLD diagnosis in 
pancreas (SPK, PAK, and PTA) recipients was 1.5 ± 0.5 
years, which compared unfavorably to kidney transplant alone 
(KTA) recipients (5.2 ± 1.2 years) and liver recipients (3.8 ± 
1.6 years). The difference was not significant, but a shorter 
latency period for all pancreas recipients was suggested (P = 

0.07). Recipients with T-celliesions exhibited a wide range 
of latency periods: 6.7 ± 2.8 years for pancreas (SPK, PAK, 
and PTA) recipients vs 16.6 ± 3.2 years (P = 0.04) for kid
ney (KTA) recipients. No T-celliesions were seen in liver or 
small-bowel recipients. 

Over time, the latency period has decreased in the more re
cent immunosuppressive era (1994 through 2001) vs the ear
lier era (1989 through 1994) (2.4 ± 0.9 vs 5.5 ± 3.5 years). 
This finding may suggest a progression toward more aggres
sive disease as immunosuppression becomes more potent. Lib
ertiny et al. made similar observations in kidney recipients.63 

They documented an increase in the incidence ofPTLD, which 
was primarily due to an increase in early lesions. In our ex-

TABLE 9.2.5.1. Reported eases of PTLD in panereas (PAK, PTA) and panereas/kidney (SPK) reeipients. 

Series 

Walker et al. 64 

Kroes et al.62 

Martinenghi et al. 86 
Keay et al.61 

Draehenberg et al. 28 

Davis,52 

Davis et al.53 

O'Dwyer et al.37 

Milpied et al. 38 
Tsai et al.32 

Egidi88 

No. of patients Cell Histologie 
reported type findings 

4 B 2 polymorphie, 

2 
4 

4 

3 

4 
5 

B 

B 
B 

B 

B 

B 
B 
B 

4B 
I T 

2 monomorphie 
Polymorphie 

Monomorphie 
I plasmaeytie hyperplasia, 

2 polymorphie, I monomorphie 
3 polymorphie, 1 monomorphie, 

immunoblastie lymphoma 

*Treatment included redueed immunosuppression in all eases. 
RTX, radiation therapy; ehemo, ehemotherapy. 

Treatment* 

Antivirals, ehemo 

Graft removal, antivirals, 
anti-CDl9, IVIg, IFN-a 

Graft removal, antivirals, 
IVIg,lFN-a, ehemo 

Graft removal, ehemo for 
monomorphie disease 

Rituximab, IVIg, IFN-a, 
ehemo 

Rituximab 
Rituximab 
Antivirals, ehemo in 3/4 
2 graft panereateetomy, 

I graft nephreetomy, 
4 antivirals and 
IVIg; 1 ehemo and RTX 
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perience, the increasing incidence of early lesions cannot be 
ascribed to the increased use of antilymphocyte preparations, 
one of the known risk factors for PTLD. An exarnination of 
the 15 University of Minnesota cases showed that the use of 
antilymphocyte preparations such as Minnesota antilympho
cyte globulin (MALG) , antithymocyte globulin (ATG), and 
OKT3 decreased over time. In era 1 recipients who developed 
PTLD were exposed to a mean of 25 ± 5 doses each and in 
era 2 to a significantly lower 10 ± 0.8 doses each (P < 0.05). 

Organ-specific differences were also seen with respect to 
patient survival (P = 0.07) (Fig 9.2.5.2). In pancreas recipi
ents, PTLD appears to carry a more severe prognosis. The 
50% cumulative survival time was 0.16 years in pancreas re
cipients, in contrast to 1.7 years for kidney recipients. With 
follow-up periods of up to 9 years, 57% of liver or small 
bowel recipients were stillliving at the end of 2001. The 50% 
cumulative survival times, stratified for B- and T-celliesions, 
are shown in Table 9.2.5.3. Of interest, pancreas recipients 
had shorter survival times with B-celliesions than kidney re
cipients but longer survival times than the kidney recipients 
with T-celliesions. Because of the small numbers involved, 
these recipients are asymmetrically distributed in time, with 
the pancreas recipients being much more recent. Improved 
chemotherapy or more aggressive treatment may account for 
the difference in survival. B-cell lesions are in general asso
ciated with greater long-term survival, but no significant dif
ference was seen between pancreas recipients with B- vs T
cell lesions (Cox-Mantel test) (Fig 9.2.5.3). Similarly, no 
difference was seen between pancreas recipients with EBER
vs EBER + lesions. 

To evaluate the effect of the latency period on prognosis, 
the 15 recipients with PTLD were stratified by length of the 
latency period; Kaplan-Meier survival curves were compared 
using the Cox-Mantel test. Two analyses were conducted, us
ing 1 year posttransplant, then 3 years, as the defining limit 
of early onset. Both analyses showed a significant difference 
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TABLE 9.2.5.3. Organ-specific survival for recipients with PTLD, 
University of Minnesota, 1988-2001 

50% Cumulative survival time (y) 

Cell type 

B 
T 

Pancreas 

0.09 
1.2 

Kidney 

3.7 
0.14 

Liverlsmall bowel 

>9 
N/A 

in survival rate: The early onset lesions in all cases were as
sociated with a significantly decreased survival time (Fig 
9.2.5.4). Other published series have described a similar trend 
in mortality with early onset PTLD.64 

Widespread involvement was common in the 15 recipients, 
with most lesions involving extranodal sites at the time of 
presentation. Several cases involved bone marrow at the time 
of diagnosis; the incidence was c10se to 50% in the 10 recip
ients with B-celliesions (vs only 6% ofkidney recipients with 
PTLD and none of the liver recipients with PTLD in the Uni
versity of Minnesota series [P = 0.05]). In pancreas recipi
ents, the mean number of organs involved at diagnosis was 
3.7 ± 2.0. This number was significantly greater than in liver 
or small-bowel recipients (2.0 ± 1.5) or in kidney recipients 
(1.7 ± 1.2) (P = 0.007). Gastrointestinal involvement was 
seen in 4 of the 15 pancreas cases, with liver involvement ap
pearing in 3 more; it was associated with a diminished sur
vival rate and a more fulminant c1inical course, whether or 
not gastrointestinal morbidity was observed. Central nervous 
system involvement was not associated with a high mortality 
rate; survival in such recipients exceeded 12 months. 

Perhaps the most salient characteristic of the 15 recipients 
with PTLD was the relatively high proportion of T-cellle
sions. Although rare in other graft types, the incidence of T
cell PTLD in the University of Minnesota series was 33%. In 
two recipients, EBV + T-cell PTLD was documented. This is 
a rare variant, with only 16 cases reported in the literature.25 

• Kidney 

• Liver I Sm. bowel 

... Pancreas 

HaURE 9.2.5.2. Kaplan-Meier sur
vival curves for all solid-organ trans
plant recipients with PTLD at the 
University of Minnesota, 1989-
2001, grouped by type of organ 
transplant. Data points indicate cen
sor times. Differences between the 
three groups approached significance 
(P = 0.07). Pancreas (PAK, PTA) or 
pancreas-kidney (SPK) transplant 
recipients had a markedly lower sur
vival than either kidney recipients or 
liver or small-bowel recipients. 
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FIGURE 9.2.5.3. Kaplan-Meier survival 
curve for pancreas recipients with PTLD at 
the University of Minnesota, 1989-2001, 
grouped by cell type. Data points indicate 
censor times. There was no significant dif-
ference between the two groups (P = 0.19). 

FIGURE 9.2.5.4. Kaplan-Meier survival 
curve for pancreas recipients with 
PTLD at the University of Minnesota, 
1989-2001, grouped by disease la
tency. Data points indicate censor 
times. (A) Dnset of disease within 1 
year posttransplant was defined as 
early; the difference in survival be
tween early and late was significant 
(P = 0.015). (B) Early onset was de
fined as within 3 yearS; Again, the dif
ference between groups was significant 
(P = 0.001). 
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The University of Minnesota series excluded plasmacytic 
hyperplasia, focusing only on mono- and polymorphic PTLD 
and on malignant lymphoma. These entities represent a con
tinuum of disease, so false elevation of incidence or longer 
survival times may resuIt from the inclusion of more benign 
lesions. Clearly, a strict standardized approach to diagnosis 
and reporting of these cases is mandated, so that meaningful 
interpretation of treatment protocols can be made. 

Solid Tumors 

Solid tumors occurring after pancreas transplants include (1) 
those involving the graft, (2) those involving the urinary tract, 
and (3) systemie tumors. 

Graft-Related Tumors 

Graft-derived tumors remain more a theoretical than areal 
risk to pancreas recipients. The organ commonly associated 
with the development of primary tumors posttransplant is the 
liver; anecdotal reports of renal cell carcinoma after kidney 
transplants have also been published.65,66 A single case of 
pancreatic adenocarcinoma was reported in an SPK recipient, 
a 45-year-old male who received both grafts from a 55-year
old male donor.67 At 3.5 years posttransplant, the recipient 
had an ileal perforation; the excised bowel showed moder
ately differentiated adenocarcinoma of pancreatic origin. The 
explanted pancreas was diffusely infiltrated with tumor; after 
DNA sequencing, the tumor was identified as of donor ori
gin. Despite cessation of all immunosuppression and treat
ment with cisplatin, IL-2, and interferon, the cancer pro
gressed and the recipient died 11 months after diagnosis. With 
continuing efforts to expand the cadaver organ pool and the 
resulting increase in donor age limits, careful attention to or
gan-specific risk factors and proper assessment of the pan
creas at procurement are ever more important. In this reported 
case, the pancreas was normal at procurement but the donor' s 
age was a risk factor for harboring occuIt tumor. 68 

In the transplanted pancreas, no reported cases of insuli
noma or other endocrine cell tumors have been reported. Hy
poglycemia is a relatively frequent consequence of a pancreas 
transplant, occurring in up to 50% of recipients,69-71 but no 
cases have been definitively linked to pancreatic microade
nomas. Proliferative stimuli may be exerted on islets by 
chronic metabolic stress, as illustrated in an animal model of 
transplanted ß-cell transformation.72 Semakula et al. reported 
nesidioblastosis in a pancreas allograft that was associated 
with hypoglycemia.13 In their study of a recipient with severe 
posttransplant hypoglycemia, the explanted pancreas showed 
small islets budding off ductules; intralobular islet cell ag
gregates; and large, hyperchromatic islet cell nuclei, or "ne
sidiodysplasia." These proliferating islet lesions and associ
ated ductal cells stained positive for the islet neogenesis 
associated protein (INGAP).74 

S. Paraskevas, J.E. Coad, and R.W.G. Gruessner 

Another site of potential risk is the duodenum of the bladder
drained pancreas (see chapter 8.2.2). The primary evidence 
of such a risk is the reported incidence of tumors in ileal con
duits and bladder augmentations, where the transforming 
agent has been the chronie exposure of intestinal epithelium 
to urine.15 In a study of pathologie changes in transplanted 
duodenal tissue from cadaver pancreaticoduodenal grafts, 
Nakhleh et al. described a variety of conditions (such as ep
ithelial necrosis, crypt loss, reactive atypia, intraepithelial in
flammation, and villous atrophy) but no metaplastie or neo
plastie changes.16 Nghiem et aP7 exarnined graft duodenal 
biopsies from seven pancreas recipients up to 6 years post
transplant. They observed blunting of the villous epithelium 
and a variety of chronie inflammatory cellular infiltrates. Of 
the seven recipients, four showed benign lymphoid aggregates 
in the lamina propria. One recipient' s duodenum showed in
testinal metaplasia on days 34, 402, and 558 posttransplant. 
The natural history of this phenomenon requires further study 
with longer follow-up times. Filmer and Spencer found the 
mean time to development of neoplasia in ileal conduits to be 
18 years.15 

Urinary Tract Tumors 

The long-term effects of urinary diversion of graft exocrine 
secretions are not weIl known, given the relative dearth of 
long-term follow-up in this population of pancreas recipients. 
Animal models and clinieal experience point to several risk 
factors that promote transitional epithelial proliferation: al
tered pH, bacterial overgrowth, chronic bladder irritation, and 
bladder augmentation with other mucosal surfaces. 

The carcinogenic effects of urinary tract infections,78 of el
evated urinary pH, and changes in urinary sodium and potas
sium concentrations 79 have been observed in rats. All these 
risk factors, as weIl as chronic chemical irritation by pancre
atic enzymes, are found in bladder-drained pancreas recipi
ents. Given the additional setting of chronic immunosuppres
sion, some authors advocate routine cystoscopic evaluation of 
all recipients after 5 years posttransplant. 80 

Whang et al. reported a single case of multiple adenomas 
in a recipient' s bladder 3 years posttransplant. When the ade
nomas recurred after endoscopic resection, the recipient un
derwent enteric conversion with good resuIts. 81 Adenomas have 
been linked to chronic infection, CMV, and trauma and have 
occurred after kidney transplants.82 They are actually meta
plastic lesions with no malignant potential but have been mis
taken for well-differentiated adenocarcinomas of the bladder.83 

Systemic Tumors 

Some solid tumors are clearly associated with the immuno
suppressed state and others are more common in solid-organ 
transplant recipients. Nonetheless, the majority of known ma
lignancies are no more frequent in transplant recipients than 
in the general population. Skin malignancies, the most com-
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TABLE 9.2.5.4. Skin malignancies in pancreas recipients, University of Minnesota, 1989-2001. 

Age No. Time to 
at Tx of diagnosis Histological Survival Patient status 

Patient (y) lesions posttx (y) findings (y) on Dec 31, 2001 

37 13 M 4 Alive 
2 30 11 6 Dead (other causes) 
3 33 17 2 Alive 
4 38 17 SC 2 Alive 
5 37 2 2, 8 BC, SC 15, 9 Alive 
6 33 2 12, 14 SC 3, 2 Alive 
7 43 5 4,4,6,9,10 SC 11, 11,9, Alive 

6, 5 
8 36 4 SC 10 Alive 
9 41 1 SC 11 Dead (other causes) 
10 44 6 SC 7 Alive 
11 33 12 SC 2 Alive 
12 35 1 8 BC 5 Alive 
13 34 2 4, 5 SC 9, 8 Alive 
14 24 2 4, 6 BC 7, 5 Alive 
15 34 3 SC 8 Alive 

M, melanoma; SC, squamous cell; BC, basal cell; Tx, transplant. 

mon, are 4 to 21 times more likely in transplant recipients than 
in the general population, with a squamous:basal cell type ra
tio of 1.75:1. Kaposi's sarcoma, while relatively uncommon, 
is still 400 to 500 times more likely in transplant recipients, 
being virtually unknown in the general population.84 

In the University of Minnesota series, 51 tumors were di
agnosed in pancreas recipients. Of these, 23 were skin can
cers, including 15 squamous cell carcinomas, 4 basal cell car
cinomas, 1 melanoma, and 3 unspecified (Table 9.2.5.4). Of 
the non skin tumors, the most common site was the breast, the 
primary tumor in seven cases (five recipients) (Table 9.2.5.5). 

Patient survival with skin malignancies has been uniformly 
good. From 1978 through 2001, no deaths due to malignancy 
were recorded. Mean time to diagnosis was 7.7 :±: 1.0 years 
posttransplant. The mean patient survival time since initial di
agnosis, censored for nonmalignancy-related deaths, was 

7.0 :±: 1.2 years. As shown in Table 9.2.5.4, several recipients 
had multiple skin tumors. In addition, one developed a 
melanoma followed by carcinoma of the breast; two others 
developed nonskin tumors (one parotid, one uterine). These 
three lesions were treated surgically and all three recipients 
were alive at 2,4, and 6 years after surgery (as of the end of 
2001). 

Less favorable prognoses are seen with non skin solid tu
mors. As outlined in Table 9.2.5.5, 14 recipients in the Uni
versity of Minnesota series developed solid tumors. The mean 
age at transplant was 36.7 :±: 1.7 years. These lesions were di
agnosed at a mean of 8.0 :±: 1.3 years posttransplant (range, 
0.5 to 15 years). The majority required surgical therapy, and 
mean survival time after initial diagnosis was 3.3 :±: 0.9 years. 

Of note, the University of Minnesota series did not docu
ment any cases of Kaposi's sarcoma, even though it accounts 

TABLE 9.2.5.5. Nonskin malignancies in pancreas recipients, University of Minnesota, 1989-2001. 

Time to Patient 
Age at diagnosis Survival status on 

Patient tx (y) Cancer site posttx (y) Treatment (y) Dec 31, 2001 

37 Breast 15 Surgery, RTX 2 Alive 
2 25 Breast 10 Surgery, chemo 3 Dead 
3 34 CNS 13 RTX 3 Alive 
4 35 GI 10 Surgery, chemo 3 Dead 
5 36 GI 11 None < 1 Dead 
6 43 Parotid gland 10 Surgery 4 Alive 
7 40 Breast 11 Surgery, RTX 6 Alive 
8 34 Breast 8 RTX, chemo 3 Dead 
9 42 Testicle (seminoma) Surgery 12 Alive 
10 34 Uterus 7 Surgery 7 Alive 
11 36 Uterus 7 RTX 2 Alive 
12 38 Lung None <1 Dead 
13 50 Oral cavity <1 Surgery 1 Alive 
14 30 Breast 2 Surgery, RTX 2 Alive 

RTX, radiation therapy; chemo, chemotherapy; Tx, transplant. 
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for more than 3% of all neoplasms in solid-organ transplant 
recipients.85 Touraine et al. reported aseries of six such pa
tients among their recipients of "kidney and/or pancreas" 
transplants.86 The type of transplant in the six cases was not 
specified. All six rapidly recovered with reduced immuno
suppression, although chemotherapy, surgical resection, radi
ation, and IFN-a were also used. No patients died of Kaposi's 
sarcoma, but four developed rejection. Martinenghi et al. 
reported aseries of 9 neoplasms occurring in 7 of 73 
kidney-pancreas recipients between 1.5 and 73 months post
transplant.87 The cancer-free actuarial survival rate was 92% 
at 3 years and 85% at 6 years. Their series induded two cases 
of PTLD and one hepatocellular carcinoma (the latter in a re
cipient with chronic hepatitis C infection). The only two non
skin malignancies in their series were one case of carcinoma 
of the breast and one case of small-cell carcinoma of the 
lung.87 

It is estimated that more than 50% of malignant tumors de
veloping in solid-organ transplant recipients are related to the 
immunosuppressed state.84 Rejection rates are higher in pan
creas recipients than in kidney or liver recipients, yet it is un
dear if higher doses of immunosuppressive drugs or more ag
gressive induction protocols result in a higher incidence of 
neoplastic disease. The bulk of the pancreas transplant expe
rience is recent, and, as these recipients age, malignant tu
mors will become more common. 

In pancreas recipients, the incidence of PTLD is compara
ble to that in kidney recipients, but its dinical course is 
markedly more aggressive and survival is decreased. Pancreas 
recipients appear to have earlier-onset PTLD, as weH as a 
higher proportion of T -cellIesions; this susceptibility may be 
as much related to the disease as to the innate susceptibility 
of diabetic transplant recipients. Although rare, solid tumors 
of the pancreas graft or urinary tract may become more preva
lent because of chronic irritation of the duodenum and tran
sitional epithelium. The complete care of pancreas recipients 
must therefore involve regular surveillance for urothelial and 
systemic tumors, in particular as graft survival extends past 
5 years. A high index of suspicion for these rare yet devas
tating problems is essential. Proper identification of individ
uals at risk for PTLD and other forms of malignant disease 
begins at the time of recipient selection. Increased efforts at 
monitoring and preventive therapy are currently the only tools 
to effectively decrease the impact of PTLD and other malig
nancies. 
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