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History and Biology of Simultaneous
Pancreas Kidney Transplantation

A New Day: Kelly and Lillehei

In December 1966, William Kelly and Richard Lillehei
transplanted the first human pancreas as part of a simulta-
neous pancreas kidney (SPK) transplant procedure per-
formed in a 28-year-old patient at the University of
Minnesota (see Chap. 5) [1]. While the patient unfortu-
nately succumbed to a fatal pulmonary embolus, the proce-
dure marked a revolution in the surgical management and
treatment of patients with diabetes [1]. To this date, pan-
creas transplantation without concomitant kidney trans-
plantation remains the only near-curative option for patients
with complicated insulin-dependent diabetes [2]. The ini-
tial enthusiasm triggered by the technical success of the
procedure was markedly challenged by a significant rate of
medical and surgical complications resulting from graft
rejection and loss [2]. Nevertheless, an improved under-
standing of transplantation biology, coupled with the inno-
vation of novel and more potent immunosuppressant
agents—most notable agents being cyclosporine in 1983
and antithymocyte globulin in 1999—facilitated the
reemergence of pancreas with or without kidney transplan-
tation as a surgical option for patients with complicated
insulin-dependent diabetes mellitus [2].

Stalwart Progress Towards Success

Advances in transplantation immunology and biology were
accompanied by notable technical modifications, refine-
ments, and improvements to the procedure of pancreas trans-
plantation [2]. The initial transplant reported by William
Kelly and Richard Lillehei consisted of a duct-ligated seg-
mental pancreatic graft, transplanted with a kidney from a
deceased donor in a 28-year-old uremic patient with type 1
diabetes [1, 3]. The second transplant by the same group in
1966 included the donor’s entire pancreas with duodenal
segment transplanted to a 32-year-old recipient’s left iliac
fossa extraperitoneally (see Chap. 5) [1, 3, 4]. The first pan-
creatic transplant with urinary drainage was performed in
November 1971 by Marvin Gliedman from New York, with
drainage through the native ureter [3, 5]. Merkel subse-
quently performed a segmental pancreas transplant alone
with end-to-side ductoenterostomy in 1973 [3, 6]. The tech-
nique of bladder drainage of pancreatic exocrine secretions
was initially reported in 1983 by Hans Sollinger at the
University of Wisconsin, and transiently became the drain-
age procedure of choice from the mid-1980s to the mid-
1990s as it allowed for monitoring of urinary amylase levels
as a marker for rejection of the pancreatic graft [2]. The sur-

gical approach of whole organ pancreaticoduodenal grafts
with enteric drainage of pancreatic exocrine secretions, as
initially described by Richard Lillehei, was reintroduced in
1984 by Thomas Starzl and remains the more popular drain-
age approach to this date [3, 7]. The substantial complica-
tions associated with bladder drainage of pancreatic exocrine
secretions including dehydration, hematuria, acidosis, uri-
nary tract infections, and bladder injury have in fact resulted
in conversion from bladder to enteric drainage in a signifi-
cant number of patients (see Chap. 29) [2]. All of these
refinements coupled with the innovations in transplantation
immunology and biology resulted in improved outcomes and
a progressive reemergence of SPK transplantation as the sur-
gical cure for diabetes mellitus [2].

Indications for Simultaneous Pancreas
Kidney Transplantation

Selection Criteria: Be Thoughtful and Smart

Selection criteria for SPK, pancreas alone (PTA), and pan-
creas after kidney (PAK) transplantation vary between trans-
plant centers. SPK transplantation is usually offered for
patients with insulin-dependent diabetes and advanced
chronic kidney disease (CKD) or end-stage renal disease
(ESRD), with some patients receiving PAK transplantation
(see Chap. 23) [8-10]. Patients who suffer from hypoglyce-
mic unawareness and have brittle diabetes with wide fluctua-
tions in blood glucose levels, or very poor quality of life
resulting from their diabetes may be candidates for pancreas
transplantation alone (PTA) (see Chap. 24) [8-10].

Recipient native renal function determines the type of
transplant an individual receives. Patients who are approach-
ing ESRD and have living kidney donors may consider
undergoing a preemptive living donor kidney transplant fol-
lowed by a PAK at a later time; there is well-established
patient and graft survival benefits of using transplantation as
the primary mode of renal replacement therapy [11-13]. The
effects on survival also carry over to the kidney graft in pre-
emptive SPK transplants [14, 15]. So, if a patient can be
maintained off dialysis and has a GFR <20 mL/min, waiting
for a preemptive SPK transplants may provide the same ben-
efit without having to utilize their living donor. Some
additional considerations favoring waiting for preemptive
SPK transplant over living donor kidney transplant (LDKT)
followed by PAK include avoidance of risks associated with
a second surgery and decreasing immunological challenges.
However, if patient is unable to stay free of dialysis, a PAK
transplant can still provide some benefit on kidney graft sur-
vival [16].

The most basic requirements for SPK are very simple:
kidney failure and insulin-dependent diabetes. SPK and
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PAK transplantation are performed most commonly in
patients with type 1 diabetes, as the insulin resistance and
high insulin need of type 2 diabetic patients was histori-
cally thought to be too high to be overcome by the pan-
creas graft. However, with increasing experience, we now
know SPK and PAK transplantation can be quite success-
fully performed in patients with non-type 1 diabetes, who
have an insulin requirement and meet certain selection
criteria [8—10]. Indeed, the outcomes of SPK among
patients with type 2 diabetes are now excellent compared
to patients with type 1 diabetes (see Chaps. 66 and 71) [8,
9]. Evidence of patient and graft survival benefits with
SPK transplants in patients with type 2 diabetes vs. kid-
ney transplant alone has been mixed; outcomes are defini-
tively better compared to deceased donor kidney transplant
(DDKT) and may be as good as LDKT [17-19]. With the
added quality of life benefits of freedom from insulin and
dialysis, eligible patients with type 2 diabetes and ESRD
should certainly be considered for SPK transplantation.
Candidates with type 2 diabetes for SPK most commonly
meet the following criteria: body mass index (BMI) less
than 30 kg/m?, age less than 65 years, on insulin with a
total daily insulin requirement <1 unit/kg/day, kidney fail-
ure, and a fasting C-peptide level less than 10 ng/mL
[8-10].

The majority of SPK transplants are usually performed
after patients have initiated dialysis treatment. It is important
to note that while the majority of patients who undergo SPK
transplantation have diabetic nephropathy, patients may have
nephropathy from other coexisting conditions. Therefore,
the patient’s CKD or ESRD does not need to be a result of
diabetic nephropathy to qualify for SPK transplantation if
the patient suffers from insulin-dependent diabetes [8—10].

While the above selection criteria are important to con-
sider, it is critical that the accepting surgeon be thoughtful
about candidacy. For example, BMI alone in an otherwise
well-appearing and very functional young person should not
preclude transplantation. Alternatively, chronologic age
alone should not preclude SPK in older patients who are very
functional (see Chap. 66). Further, C-peptide has highly vari-
able methods of testing and diagnosis and should not itself
guide judgment about acceptance or denial for SPK
transplantation.

Pretransplant Cardiac Risk Assessment

Coronary artery disease is common in patients with diabetes
and kidney failure (see Chap. 27). Further, because SPK is a
major vascular operation, patients undergoing SPK carry the
highest cardiac risk according to revised cardiac risk index
(RCRI) [20-22]. Moreover, cardiac stress testing can be
inaccurate in the diabetic kidney failure patient [23-25]. For

these reasons, the authors stress the importance of assessing
not only cardiac function and stress response, but also coro-
nary architecture. In the authors’ center, coronary calcium
scoring as well as left heart catheterization is considered for
SPK candidates. This protocolized approach has yielded a
near-zero rate of significant postoperative myocardial isch-
emia [26].

Donor Selection Criteria

In many ways, pancreas donor selection has been made arti-
ficially challenging. There is substantial literature address-
ing donor selection criteria (see Chap. 12). The informed
transplant surgeon, however, should take note that many of
these publications restrict use of potential SPK transplants
by suggesting that organs need to be perfect. The challenge
is that, particularly with the pancreas, there remains sub-
stantial subjectivity in visual pancreas inspection and thus
acceptance.

In the overwhelming majority of SPKs, the pancreas and
kidney are from the same deceased donor. In these cases, the
decision to accept an SPK is largely driven by pancreas,
rather than kidney, quality. This is because surgeons tend to
be more selective for the pancreas rather than the kidney. At
the authors’ center, the inclusion criteria for pancreas accep-
tance include: KDPI <60% and BMI <40. This has the effect
of including largely younger, thinner donors.

Visual inspection of the pancreas is important. Once the
donor is entertained by the surgeon, they should request a
visual description of the donor organ from the recovering
surgeon, if they themselves are not procuring. Common
visual descriptors of pancreatic transplants include edema,
fat, vasculature, and texture. Indeed, it is quite common for
more selective surgeons to rule out a pancreas for transplant
based on “edema” or “fat content,” yet these are understud-
ied, and what studies exist include few objective metrics.
What is important for the accepting surgeon to evaluate is a
hard, shrunken pancreas consistent with prior pancreatitis or
a pancreas encapsulated in abdominal fat. Further, arterial
supply to the pancreas can be quite important. For example,
if the liver is being recovered for transplant, but there is a
replaced right hepatic artery that travels through the head of
the pancreas, the pancreas is commonly not usable. It is
advised that novice, accepting pancreas surgeons discuss
complex cases with senior partners prior to declining their
acceptance.

There are several important considerations for the accep-
tance of the SPK. Critically, the SPK includes a pancreas and
kidney. Thus, both organs must be of acceptable quality.
Further, because delayed graft function of the kidney after
SPK can cause surgical challenges such as pancreas swelling
and significant reactive ascites from poor fluid clearance, it is
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optimal to choose kidneys that work immediately. For the
pancreas, avoiding donors with a history of pancreatitis is
advised.

Reports of pancreas donation from donors <10 years old
did show some good results, but may be technically difficult
because of the size of the vessels and thus increased throm-
bosis risk in theory (see Chap. 29) [27]. Similarly, pancreas
grafts from obese donors with BMI >30 kg/m? have worse
short- and long-term outcomes due to a variety of factors
including graft quality, increased risk of technical failure,
and surgical complications (see Chap. 66). Pancreas from
DCD donors have been demonstrated to have similar out-
comes as DBD donors if selected for carefully and procured
by an experienced surgeon (see Chap. 68). HLA-matching
also appears to have less effect on graft outcomes with HLA-
mismatching having no impact on long-term graft survival
despite more episodes of rejection (see Chap. 66) [28]. So,
while the transplant community awaits more defined consen-
sus on expanded donor criteria, careful considerations of all
of the donor and recipient factors, even when utilizing non-
standard donors, can lead to success.

Efforts to increase the donor pool, particularly for hyper-
sensitized recipients, have prompted interest in living-donor
SPK transplants (LDSPK) (see Chaps. 37-39). In this case, a
single kidney and the tail of the living donor’s pancreas are
procured for transplant. Although technical failure rates were
high with initial attempts, the success rate is now reasonably
high and with meticulous selection. Indeed, there is a true
risk of development of diabetes in the donor, although this is
likely minimal [29, 30]. The process of obtaining both grafts
from the same donor while ensuring good recipient outcome
requires experience and resources that is not widely
available.

An alternative to obtaining both graft from the same liv-
ing donor is a simultaneous deceased donor pancreas and liv-
ing donor kidney (SPLK) transplant [31]. This allows the
recipient to be free from insulin and dialysis with a single
procedure without the complications of a living donor pan-
creas transplant. The logistics of this procedure are challeng-
ing as they require the donor to be on call, and as many as
three simultaneous ORs. Nonetheless, in several studies, the
long-term survival of the kidney in SPLK exceeds that of
SPK from a deceased donor.

Contraindications to SPK

With regard to recipients, severe vascular disease may pro-
hibit successful SPK transplantation. For example, concen-
tric bilateral iliac arteriosclerosis, or the absence of suitable
outflow from prior caval ligation or thrombosed iliac veins
may contraindicate transplantation. Further extensive prior
abdominal surgery with limited access to an enteric conduit

would also preclude an SPK transplant. Relative contraindi-
cations include multiple prior transplants as well as inflam-
matory bowel disease, and these should be assessed on a case
by case basis. There are few absolute contraindications to
SPK donors. However, these include the transmission of
HIV or cancer from donor to recipient, as is true for other
solid organs as well. The transplantation of a pancreas from
a donor with diabetes is also contraindicated.

SPK Patient Advocacy: Insights of Organ
Allocation to Support Your Patient

Organ allocation can dramatically affect the ability for a
patient to receive a kidney transplant, a pancreas trans-
plant, or both. For example, there are approximately
90,000 patients in the United States listed for a kidney
transplant at the time of this writing (December 2020). In
comparison, only several thousand are listed for an SPK
transplant. Importantly, as of 2020, the availability of the
pancreas guides the allocation of the kidney such that the
kidney follows the pancreas (see Chap. 7). To this end, the
wait times for SPK are far shorter than are the wait times
for kidney transplantation alone. To advocate for the best
patient outcome, it is often beneficial to offer SPK to eli-
gible patients who will not survive long enough to receive
a kidney transplant alone. A common scenario encoun-
tered in our hospital is a 60-year-old diabetic patient not
yet on dialysis. In this case, the candidate will need to sur-
vive about 6 years on dialysis and insulin, in the hopes of
receiving a deceased donor kidney alone. Alternatively, if
the patient were to be offered an SPK, he may be trans-
planted sooner with better quality organs (e.g., lower kid-
ney donor profile index, (KDPI)), avoiding the attendant
risks of chronic renal failure. To this end, the larger SPK
operation represents an “investment” that the patient
makes up-front to avoid the challenges of remaining on the
waitlist.

Outcomes of Simultaneous Pancreas Kidney
Versus Kidney Only Transplantation

Diligence Yields Improvement

Whereas diabetes and renal failure were near uniformly fatal
in the early days of pancreas transplantation, mortality fol-
lowing pancreas transplantation is now estimated to be 4% at
1 year and 9% at 5 years, largely driven by cardiovascular
deaths [32]. The biggest improvements in SPK outcomes
were realized in the mid-1990s, when tacrolimus’ availabil-
ity was mirrored by improvements in surgical techniques
(see Chap. 66).
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SPK transplant recipients have improved long-term sur-
vival as compared to deceased-donor kidney only transplant
recipients at 8-year follow-up (72% vs. 55%) [32]. Data also
suggest that patients undergoing SPK transplantation have
comparable long-term survival when compared to patients
undergoing living-donor kidney transplantation at 8-year
follow-up (72%) [18]. The 1-year and 10-year graft survival
rates for SPK transplant recipients are estimated to be 86%
and 54%, respectively [33]. Better graft outcomes are
observed in cases of younger donors, younger recipients
with lower BMI as well as lower cardiovascular disease bur-
den, with the most common reported causes of graft loss fol-
lowing pancreas transplantation being thrombosis (31%),
chronic rejection (21%), and acute rejection (15%) [34].
Successful pancreas transplantation leads to long-term inde-
pendence from insulin requirement, improved glucose
metabolism, improved lipid metabolism, as well as improved
endothelial function [35-39]. Successful pancreas transplan-
tation also results in multiple improvements in the microvas-
cular complications resulting from chronic diabetes,
including the prevention and improvement of diabetic
nephropathy, as well as the stabilization and improvement of
diabetic neuropathy [40—48]. To date, data are insufficient or
equivocal regarding the impact of pancreas transplantation
on diabetic retinopathy and the chronic macrovascular com-
plications resulting from diabetes (see Chaps. 60, 62, and 63)
[40-48].

Surgical Techniques of Simultaneous
Pancreas and Kidney Transplantation

Elegance and Challenge

Surgical transplantation of a pancreas and kidney combines
challenging elements of general surgery, urology, and vascu-
lar surgery. It is an exciting and educational procedure that
can be safely performed by competent residents and fellows
under the watchful eye of a skilled staff member. Indeed, the
SPK is among the most gratifying operations we perform, as
it transforms the life of the patient with diabetes and renal
failure.

Since the first pancreas transplant in 1966, surgical tech-
niques for SPK have undergone significant transformation
which contributed to improved outcomes (see Chap. 29).
Several considerations need to be taken into account when
performing SPK transplants: Pancreatic procurement, vascu-
lar inflow and outflow, pancreatic exocrine drainage, and
placement of the kidney. However, optimization of a suc-
cessful SPK transplant begins with meticulous graft prepara-
tion on the “backbench”. Indeed, this operation is as elegant
as it is technically challenging.

Pancreas Procurement: An Unappreciated
Nuance of the Successful SPK

Pancreas procurement is covered elsewhere in this textbook
(see Chaps. 14-16). The generally accepted technique for
pancreas procurement results in a graft which includes a seg-
ment of the donor duodenum cradling the head of the pan-
creas, the whole pancreas including the portal vein, splenic
artery and the superior mesenteric artery (SMA) stumps, as
well as the spleen (Fig. 22.1).

The preparation of the donor pancreas for an SPK is very
similar to that of a solitary pancreas transplant. Occasionally
the placement of the kidney will affect the backtable prepara-
tion of the pancreas, however. For example, if the surgeon is
planning an ipsilateral SPK, they may want to consider por-
tal venous drainage of the pancreas. If so, the pancreas back-
bench procedure will need to include the extension of the
arterial Y graft in order to have sufficient length on the artery.

Preparation of the pancreas allograft begins by inspection
to assess graft quality inclusive of anatomic variants and sur-
gical damage (see Chap. 17). Next, the spleen is removed
during which time the splenic vessels are ligated, or doubly
ligated in the case of the splenic artery and vein. Care should
be taken during graft preparation to avoid cutting into the
pancreatic parenchyma in order to prevent pancreatic ductal
leaks. The approach to peripancreatic fat varies, but the
authors’ practice is to excise all excess fat, to avoid signifi-
cant reperfusion injury (Fig. 22.2).

The duodenal stump is then addressed. The duodenum,
functionally, does not need to be very long in the recipient.
It is simply the conduit of pancreatic effluent to the recipient
jejunum. Excess duodenum is trimmed using GIA staplers
and a short segment of duodenum around the pancreatic
head should remain for anastomosis. The staple lines may

Fig. 22.1 Pancreas fully prepared for transplantation. Duodenal staple
lines oversewn, nice demonstration of donor Y-graft
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Fig. 22.2 Peripancreatic fat. This organ is quite usable, but the fat
should be cut away prior to transplantation

be reenforced with interrupted or running suture, imbricat-
ing the two stapled ends of the duodenum. The primary rea-
son to oversew the ends is to prevent bleeding rather than
leak.

Donor SMA and splenic artery stumps should be of good
quality and adequate length to allow for reconstruction via a
Y graft. Because most pancreas donors are young and
healthy, donor vessel quality is not typically a concern.
However, it is not unreasonable to decline the transplant of a
pancreas for low quality, atherosclerotic, or damaged ves-
sels. Damage during recovery may not only affect the exter-
nal aspect of the vessels, but the intima as well. For example,
arterial dissections may occasionally occur from too much
traction on the vessels during explant. Complex arterial
reconstructions can be attempted, such as backtable interpo-
sition grafts using redundant additional iliac vessel under the
instruction of experienced pancreas surgeons (Fig. 22.3).

The common iliac artery with its bifurcation to the inter-
nal and external iliac arteries is the most commonly used
conduit for the Y-graft. However, if the donor iliac arteries
are heavily calcified or are not available, the brachioce-
phalic trunk, carotid arteries, or arteries from banked donor
vessels can also be considered. Depending on the size

Fig.22.3 Interposition graft for external iliac artery Y-graft for recov-
ery related arterial dissection first identified on the backtable

match, the internal iliac artery is typically anastomosed to
the splenic artery and the external iliac artery to the SMA
using fine, prolene sutures. It is important to remember that
the flow of a vessel is proportional to diameter, but inversely
so to the length. So, keeping your inflow short is generally
preferred. The vessels should be trimmed to minimize the
amount of redundancy and risk of kinking, but there should
be enough length to avoid excess tension on the
anastomosis.

Should the surgeon prefer portal venous drainage, the
arterial conduit will need to be extended using the seg-
ment of external iliac artery discarded after it was cut
back from the anastomosis to the donor graft SMA
(Fig. 22.4). In this case, the Y-graft common iliac artery is
anastomosed end-to-end with the divided segment of the
external iliac artery.

The portal vein should be short. The portal vein is mobi-
lized from surrounding connective tissue such that there is no
twisting or kinking when the vein is distended after reperfu-
sion. Once this is complete, the graft is tested for leaks.

The kidney allograft should be cleaned of any excess
perinephric fat. Identifying and clearing fat off of the renal
hilum structures to ensure adequate length without twisting
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Fig.22.4 Extension of common iliac vessel for portal venous drainage
technique. Artery should be quite long to reduce tension on the SMV
anastomosis

or kinking of the vessels is critical for laminar flow. Because
the surgeon is performing an SPK, not just a kidney trans-
plant alone, it is important to stop and strategize about the
amount of target vessel required for dissection in the recipi-
ent ahead. For example, if the kidney has multiple arteries,
it may affect the surgeon’s decision to place it on the left,
right, or perhaps more proximally or distally on the recipi-
ent’s iliac system. Each of these elements is critical to the
success of the SPK.

Implantation of the Pancreas and Kidney:
Standard Approaches Yield Standard Results

Several approaches to the SPK transplant have been debated
over the years (see Chap. 29). In this regard, the best
approach is the standard approach with which the surgeon
is most familiar. At present, the commonest approach to
SPK is via a midline laparotomy from the xyphoid process
to the symphysis pubis. This is the current practice of the
authors.

We commonly state that the pancreas allograft is placed
in the right iliac fossa, but given systemic outflow to the
cava and short portal vein, the organ sits just right of mid-
line. A Cattell-Braasch maneuver for right-sided medial-
ization of the viscera exposes the right common iliac
vessels and the IVC. The IVC is cleared of retroperitoneal
tissue just above its bifurcation and the right common iliac
artery is also dissected free as it crosses over the IVC to
allow for adequate space for clamping of the vessels and
anastomosis. The pancreas allograft is positioned in the
“head up” position, with the pancreatic head cephalad.
Some surgeons prefer “head down” as this allows them
access to the bladder, should bladder drainage of the pan-
creatic effluent be required. However, in the modern era
there is almost no reason to do so. In support of the “head
down” approach, it may allow for a more anatomic side-to-
side duodenjejunostomy for enteric drainage, a bit more
distal on the recipient’s small bowel. The authors use a
“head up” approach.

Pancreas Ahead of Kidney

For a standard systemically drained pancreas, and a left-
sided kidney, the pancreas is transplanted first (see Chap.
29). The authors believe this is wise, as it provides more time
after reperfusion to allow the small vessels of the pancreas to
distend and open up. In this way, the surgeon can be more
comfortable that hemostasis is achieved during a singular
operation.

Vascular anastomoses of the pancreas begin with donor
portal vein to the IVC in an end-to-side fashion. The portal
vein should be trimmed so that after completion of the anas-
tomosis, the pancreas is anchored in place without signifi-
cant movement or kinking of the vein, minimizing the risk of
venous thrombosis. The portal vein can also be anastomosed
to the common or external iliac vein. Arterial inflow of the
pancreatic allograft comes from the right common iliac
artery through its anastomosis with the Y-graft. Upon vascu-
lar reperfusion, care should be taken to achieve adequate
hemostasis as there can be significant bleeding from the
residual peripancreatic tissue.

Ipsilateral SPK Considerations

If the surgeon is performing an ipsilateral SPK with systemic
drainage (see Chap. 29), care must be taken to ensure the
pancreas is high enough up on the cava, so not to crowd the
subsequently transplanted kidney. If the pancreas is sewn to
the common or external iliac vein on the right, it will likely
require that the kidney is transplanted on the left.
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To Roux or Not to Roux

While enteric drainage was debated widely, it is now stan-
dard to perform a duodenojejunostomy versus bladder drain-
age. Enteric drainage can be done with or without a
Roux-en-Y loop. The benefit of a Roux-en-Y loop at the
index operation is that it reduces bowel contents passing by
the pancreatic-enteric anastomosis, perhaps reducing the risk
of a bowel leak. However, the leak rate is quite low in the
modern era, and as such does not warrant (in the authors’
opinion) routine additional enteric anastomoses during the
primary operation.

First, a segment of jejunum approximately 40 cm from
the ligament of Treitz is identified. The segment of bowel
should comfortably reach the donor duodenum under no ten-
sion. Clamping proximal and distal recipient bowel is done
to avoid spillage. The donor and recipient bowel segments
are positioned so that the anastomosis is located on the
antimesenteric edge. A two layered, hand-sewn anastomosis
is done, leaving an adequate lumen for pancreatic exocrine
drainage.

Hemostasis and a Word of Warning

Once the pancreas transplant is performed, and prior to the
kidney transplant, it is the firm recommendation of the
authors that time is spent thoughtfully assessing the trans-
planted pancreas for hemostasis. The kidney will take
approximately 45-60 min to transplant, and during this
time, the surgeon will have limited ability to see the pan-
creas. In this regard, it is possible to lose substantial blood if
your pancreas is not hemostatic. Beyond bleeding, it is criti-
cal that the surgeon consider the pancreas lie at this point in
the operation. Indeed, to perform the kidney transplant, the
surgeon will need to retract the pancreas laterally, to the
right. As such, it is critical that one appreciate how much
laxity and stretch can be applied to the newly transplanted
pancreas. It is possible to crush, thrombose, or injure the
pancreas while retracting it in order to perform the kidney
transplant.

The Kidney Transplant: Right or Left

The renal allograft can be placed on the left or the right. It is
very common to place the kidney on the left; however, this
requires that the surgeon dissects the left-sided iliac vessels.
Alternatively, it is possible to place the kidney on the right
(ipsilaterally), regardless of whether the pancreas is on the
vena cava or the SMV. In this case, minimal additional dis-

section is required. However, placement of the kidney and
pancreas together can sometimes be a challenge. When both
organs are placed on the same side, they need to “nest” well,
and they are likely to touch. It is important for ipsilateral
transplants to envisage the geometry of the organs’ end posi-
tion prior to sewing them in. If they are too crowded once
they are reperfused, tension or pressure on either organ may
lead to leaks, bleeds, or thromboses. Presuming the surgeon
elects to place the kidney distal to the pancreas, there is no
risk of reducing blood flow to the transplanted pancreas
while clamping the external iliac arteries for the kidney.
However, clamping the distal vessels after the pancreas
transplant does create temporary artificial pancreatic graft
hypertension and may lead briefly to swelling or bleeding.

Regardless of sidedness, mobilization of the external iliac
vessels, the venous, followed by the arterial anastomosis is
completed. The ureter is implanted via a cystotomy at the
dome of the urinary bladder. The use of a ureteral stent is
optional. The kidney may be “retroperitonealized” by either
raising a flap of the peritoneum or by tacking the descending/
sigmoid mesentery to the pelvic side wall.

Intra- vs. Extraperitoneal Graft Placement

Some of the challenges of intraperitoneal placement of the
allografts include difficulties in subsequent graft biopsies
which can be challenging if not impossible and risks associ-
ated with entering the peritoneum such as bowel injury and
secondary bowel obstruction. Extraperitoneal graft place-
ment in SPK transplants has been described and can be done
through two Gibson incisions [49] or via a lower midline
incision (see Chap. 29) [50]. The peritoneum is swept medi-
ally to reveal the iliac vessels bilaterally to which the vascu-
lar anastomosis for the grafts is performed. This could
require the pancreas graft to be placed head down towards
the pelvis. As such, exocrine drainage would require a duo-
denocystotomy [51, 52] (bladder) or duodenoileostomy after
the peritoneum is opened [49]. Extraperitoneally placed pan-
creas graft has the benefit of being easy to image using ultra-
sound, as there is minimal interference from overlying bowel
gas, and allows for safe and easy biopsies [51]. Kidney grafts
would be placed in the contralateral iliac fossa.

As described above, a generous midline incision has the
benefit of excellent exposure of the vascular anastomosis
sites. When placing the organs intraperitoneally, the bowels
are more easily accessible for duodenal anastomosis and any
peri-graft fluid can be absorbed by the peritoneum [49]. In
addition, no muscles are divided which can reduce postop-
erative pain. Further, midline incisions have a decreased like-
lihood of wound infection compared to Gibson incisions
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[53]. Technical errors leading to surgical complications can
have significant consequences such as diffuse intra-
abdominal infection, significant bleeding, and bowel obstruc-
tion requiring reexploration. On the other hand, the
peritoneum is capable of managing infection, in general, bet-
ter than the retroperitoneum. Regardless of location, the
authors suggest avoiding infection after a pancreas transplant
whenever possible.

Portal Versus Systemic Venous Drainage

In general for SPK and solitary pancreas transplantation, the
consensus on the ideal venous drainage for a pancreas trans-
plant has trended towards systemic drainage (see Chap. 29).
However, there are certainly benefits of both techniques, par-
ticularly for the SPK when compared with solitary pancreas
transplantation [54]. Systemic venous drainage is achieved
as described earlier and can be to the vena cava or the iliac
veins. On the other hand, portal venous drainage, established
by Gaber et al., generally suggests outflow to the superior
mesenteric vein [43].

The rationale for portal drainage is based on the venous
outflow of the native pancreas. In the native pancreas, pan-
creatic outflow gets first pass metabolism through the liver.
When the pancreatic allograft is sewn to the cava (systemic
drainage), first pass metabolism does not occur. Indeed, in
the native pancreas, the liver clears approximately 50% of
secreted insulins. Portal drainage of the pancreas transplant
is thought to avoid hyperinsulinemia and its complications
such as insulin resistance and dyslipidemia due to a more
physiologic insulin delivery [55, 56]. In addition, Philosophe
et al. found that grafts with portal venous drainage experi-
enced significantly lower rates of rejection and significantly
higher graft survival at 36-months follow-up. However, more
recent data show similar graft survival regardless of the type
of venous drainage [57-59], and systemic venous drainage
has again become more common (see Chap. 66) [33].

A common technique for portal drainage is anastomosis
end-to-side to the recipient superior mesenteric vein below
the transverse mesocolon. Then, through a small window in
the mesentery of the ileum or jejunum, the end of the Y-graft
is passed through and anastomosed to the right common iliac
artery [60]. The pancreas is positioned with the duodenum
cephalad and exocrine drainage is managed through an
enteric anastomosis.

SPK and Portal Drainage
This technique has particular relevance in the SPK. For

example, if the surgical team is planning to use right-sided
(ipsilateral) arterial inflow for both the pancreas and the kid-

ney, using portal drainage may be favorable. Indeed, ipsilat-
eral placement avoids crowding of the pancreas with kidney,
even when both organs are on the same side. Because the
portal drained pancreas resides among loops of bowel, it may
be harder to see with an ultrasound or more challenging to
biopsy. For patients with thick mesenteries (high BMI), prior
gastric bypass, or congenital malrotation, portal drainage is
generally not recommended as the geometry of the SMV’s
lie may be unfavorable.

Bladder Versus Enteric Drainage

After 1984, pancreas transplant enteric effluent was com-
monly managed using a bladder anastomsosis [61-64]. While
bladder drainage allowed monitoring of urinary markers of
rejection and placed the allograft in an optimal position for
immune monitoring via transvesical biopsy, cystitis and ure-
thritis, bladder leaks, and metabolic acidosis from loss of
bicarbonate were common (see Chap. 29) [10, 65]. Up to
40% of allografts utilizing bladder drainage thus met criteria
for conversion to enteric drainage [2, 10]. In the mid-1990s
when thymoglobulin induction therapy became standardized,
the benefits of urinary immune monitoring no longer out-
weighed the risks associated with bladder drainage, and the
general preference for exocrine drainage shifted to enteric
drainage. Indeed, enteric drainage achieves a more physio-
logic exocrine profile. UNOS data from 2006 to 2016 demon-
strate that over 90% of pancreas grafts during this time period
utilized enteric over bladder drainage (see Chap. 66) [2, 66].

Bladder Related SPK Insights

For patients with SPK, as compared to solitary pancreas
transplantation, there are specific concerns to remember with
regard to bladder drainage. For example, if the kidney trans-
plant fails but the pancreas still works, the surgeon should be
prepared that the patient will still have 500-1000 mL per day
of pancreatic effluent in the bladder, which is not diluted by
urine. In rare circumstances, this condition may lead to blad-
der ulceration, pain, rupture, and emergency surgery
(Fig. 22.5).

Jejunal Versus Duodenal Drainage

During an SPK, enteric drainage may be via the duodenum
or jejunum. While a donor duodenum to recipient jejunal
anastomosis is more common, there are some centers who
prefer recipient duodenal outflow (see Chaps. 31 and 32).
The disadvantage of jejunal drainage is the lack of
access for endoscopic immune monitoring of the allograft,
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Fig. 22.5 Enteric conversion of bladder drained pancreas who pre-
sented, after kidney failure, with perforated bladder requiring emer-
gency surgery. Pancreas was still functioning

as well as jejunal tethering. Indeed, duodenal drainage uti-
lizing anastomosis of the donor duodenum to the second or
third portions (D2/D3) of recipient duodenum is an alter-
native enteric drainage modality to address this disadvan-
tage. This was first described by De Roover et al. from the
group in Liege, Belgium in 2007 [67]. The technical feasi-
bility of this approach and the theoretical advantages of
duodenal drainage are described [67, 68]. While there are
clear advantages regarding the technical ease of immune
monitoring using endoscopic biopsy, this approach has not
demonstrated improvement in clinical outcomes and there
is a theoretical increased risk in complications from enteric
leak [68, 69]. A recent single institution retrospective
review of 241 pancreas transplants, including 125 utilizing
duodenoduodenostomy and 116 with duodenojejunos-
tomy, demonstrated comparable patient and graft survival
with a median follow-up of 59 months [70]. These out-
comes continue to require further study in a prospective
fashion. The vast majority of initial pancreas transplants at
this time continue to utilize jejunal drainage. The feasibil-
ity of duodenal drainage does, however, expand options in
pancreas re-transplantation [68, 70, 71]. In the context of
SPK, either approach is appropriate, and the surgeon
should choose the procedure with which they are most
comfortable.

Pancreas Re-transplantation

Pancreas re-transplantation has been considered of higher risk
for technical failure and rejection in comparison to kidney re-
transplantation; however, as the frequency of re-transplantation
increases, more studies have reported favorable outcomes in
carefully selected patients (see Chaps. 66 and 70) [72-76]. In

a large series described by Rudolph et al., risk of technical
failure and patient death in pancreas re-transplantation is simi-
lar to primary pancreas transplantation [77]. Timing of re-
transplantation does remain controversial, with conflicting
evidence in small series describing early versus delayed re-
transplantation [78-80]. Early allograft loss is most frequent
due to allograft thrombosis, which occurs in 5-10% of pan-
creas transplants [2]. Technical considerations including geo-
metric positioning of the allograft to avoid twisting or torsion
of the vascular supply are paramount to the prevention of pan-
creas allograft thrombosis, as is the prevention of intraopera-
tive and postoperative hypoperfusion. The technical approach
to re-transplantation must consider these same factors and also
address any technical contributions to failure of the primary
allograft [65, 76, 77]. Use of portal venous drainage and con-
sidering alternate approaches to enteric drainage are options to
improve technical outcomes in re-transplantation. While a
left-sided pancreas allograft can be placed, this must be done
with caution given the geometric position and angling of the
vascular anastomoses required, increasing the risk of throm-
bosis and allograft loss. Individualization of the surgical
approach and the timing of re-transplantation should be per-
formed given the patient’s comorbidities and etiology of initial
allograft failure. Pancreas re-transplants following surgical
complications in the first allograft have significantly improved
allograft survival, while those placed following a nonsurgical
failure trend toward reduced survival [81, 82]. Importantly, re-
transplantation of the pancreas allograft in patients with a kid-
ney allograft has been shown to prolong survival of the kidney
allograft [73].

SPK After Prior Transplantation

Re-transplatation with SPK after SPK, or SPK after kidney
transplant, carries specific risks largely related to patient
selection and anatomy. For example, if your patient had a
prior successful SPK that failed after many years, they will
have also to be subject to immunosuppression for a very long
time. In this way, understanding frailty and tissue quality is
important. With regard to anatomy, it is critical ahead of SPK
after kidney or SPK transplant to obtain cross-sectional
imaging to ensure the surgeon has a thoughtful plan for oper-
ative execution. To this end, the authors highly recommend a
senior partner to assist with preoperative and more complex
pancreatic transplant cases.
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