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Abstract

Background: For experimental basic research, standardized
transplantation models reflecting technical and immuno-
logic aspects are necessary. This article describes an experi-
mental model of combined pancreas/kidney transplanta-
tion (PKTx) in detail. Materials and Methods: Donor rats
underwent en bloc pancreatectomy and nephrectomy. Re-
vascularization was performed using the aorta with the su-
perior mesenteric artery and the inferior vena cava with the
portal vein. Exocrine drainage of the pancreas took place
over a segment of the duodenum which was transplanted
side-to-side to the jejunum. The kidney vessels were trans-
planted end-to-side. The ureter was anastomosed by patch
technique. Postoperatively, serum parameters were moni-
tored daily. Biopsies for histopathology were taken on days
5,8 and 12. Results: All 12 recipients survived the combined
PKTx without serious surgical complications. One thrombo-
sis of the portal vein led to organ failure. Blood glucose levels
were normal by the 3rd postoperative day. The transplanted
duodenal segment showed slight villous atrophy, and the
kidneys were well perfused without vascular complications.

The anastomosis between ureter and bladder was leakproof.
Conclusions: Excellent graft function and survival rates can
be achieved due to simplified operation technique and short
operation time. It may thus have high clinical relevance to
immunologic issues within the scope of basic research.
Copyright © 2009 S. Karger AG, Basel

Introduction

Experimental microsurgical technique using intraop-
erative microscopy enables abdominal operations and or-
gan transplantations to be performed in rats. Continuing
research in microsurgery has considerably expanded ex-
perimental surgery and given new impulses to clinical
surgery [1-4]. Whole-organ pancreas transplantation in
the rat was first described by Lee et al. [3, 4] in 1972. Since
that time the basic technique has been modified and ex-
tended to be used for a variety of indications and experi-
ments. Simultaneous en bloc pancreaticoduodenal kid-
ney transplantation is being applied with increasing fre-
quency in the treatment of diabetes mellitus type I and
selected cases of type II [5-8]. A review of the literature
ofisolated pancreas transplantation in rat models showed
that different techniques or modifications can be applied
(2, 4,9, 11-13]. However, pancreas transplantation in the
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Fig. 1. After removing the pancreas from
the intestinal adhesions the duodenum
was ligated below the head of the pancreas
and removed.

rat remains a complex technical procedure and requires
profound knowledge of microsurgical techniques [13]. A
surgical technique in extension of this — simultaneous
combined pancreas/kidney transplantation (PKTx) - is
described here. This novel surgical technique for com-
bined PKTx is carried out in a rat model that closely re-
sembles the anatomic-functional situation of a pancre-
atic/kidney graft in man. The technique requires a mi-
croanastomosis between the portal and right renal veins
with a circular cava patch of the donor organ and cava
vein of the recipient. Morphological aspects of simultane-
ously isografted organs are unchanged when compared
with separately transplanted organs. This technique pro-
vides a useful experimental model for studying several
technical, functional and histopathological aspects in
combined PKTx in diabetic patients. It is also useful for
studying the early phases of ischemic/reperfusion graft
injuries. The presented microsurgical technique is reli-
able and reproducible — and it represents the first report-
ed experimentally combined PKTx. This technique for
combined PKTx in the rat may be adopted according to
surgeons’ experiences and preferences, as well as their re-
search objectives.

Materials and Methods

Animals

For donor and recipient operations male Lewis (RT) rats
(Charles-River Wiga GmbH, Sulzfeld, Germany) were used to
avoid graft rejection. The body weight of the rats was 140 £ 20 g,
whereas the weight of the recipient was 20 g more than the donor
weight, which makes combined PKTx easier.

246 Eur Surg Res 2009;43:245-251

Preoperative Care and Anesthesia

The rats were kept in Macrolon cages (Ehret GmbH, Emmen-
dingen, Germany) at a room temperature of 19-24°C and illumi-
nated from 6 a.m. until 6 p.m. They were fed with water and pel-
lets (Altromin 1324 standard diet, Lage, Germany). Rats were
fasted for 4 h before surgery. Inhalation anesthesia was adminis-
tered by a semiopen system with isoflurane via nasal mask. The
mask had been designed from a perfusor syringe, from which the
plunger had been removed. The open end of the syringe was se-
curely placed over the nose of the rat. The depth of anesthesia
could be modified by changing isoflurane concentration. The fol-
lowing schedule was used: Carbofen® 4 mg/ml s.c. preoperatively
on the day the operation was performed followed by a single dai-
ly dose on the 2nd and 3rd postoperative days. Postoperative an-
algesia was done with novaminsulfon (Metamizol®) 50 mg/kg
i.m., and every 6 h the animals received 2 drops p.o. until the 3rd
postoperative day.

Donor Surgical Technique

Preparation of the Pancreas

After shaving the abdominal wall a median laparotomy was
performed. The laparotomy site was secured with four abdominal
retractors and the xiphoid was fixed cranially. First, the tail of the
pancreas was prepared and the spleen was mobilized. After re-
moving the pancreas from the intestinal adhesions, the duodenum
was ligated below the head of the pancreas and taken out (fig. 1).
After surgical exposition of the celiac axis and the superior mes-
enteric artery, the abdominal aorta was prepared, and the left gas-
tric artery and the hepatica artery were identified and ligated. At
this stage, arterial perfusion of the pancreas and the duodenal seg-
ment was ensured via superior mesenteric artery, celiac axis, ga-
stroduodenal and splenic arteries. Finally, the vena porta was dis-
sected following ligation of the splenic vein. Venous outflow was
then maintained by inferior mesenteric vein and portal vein.

Preparation of the Kidney
Dissection of the right kidney started from the margo lateralis
to the central hilum. After removing the fatty tissue surrounding
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Fig. 2. The organs were then removed and
kept in cold preservation solution at 4°C
for 1 h (pancreas preservation).

renal arteries, the veins and the ureter were identified and ligated.
The blood vessels were cut leaving a maximum stump length and
the ureter was harvested with a patch of bladder tissue. Continu-
ous urine outflow from the ureter was a reliable sign to monitor
kidney function.

Perfusion and Explantation of Pancreas and Kidney

To begin the perfusion of the donor operation, a microvessel
clip (Mehdorn-Biemer, Aesculap AG&Co. KG, Tuttlingen, Ger-
many) was placed on the aorta above the celiac axis. A 24-gauge
perfusion catheter (Venflon 2, ABOC Health Care Company,
Helsingborg, Sweden) was inserted into the aorta. The perfusion
was performed with cold Ringer’s lactate fluid at 4°C with 50 IU
heparin. Perfusion pressure was 100 mm Hg, which is equal to the
physiologic aortic pressure of the rat. 40 ml of the perfusion fluid
was administered, corresponding to the 6-fold organ weight for
equilibration. The suprahepatic vena cava was then incised to en-
able blood and perfusion outflow. The organs were then removed
and kept for 1 h in cold preservation solution at 4°C (fig. 2).

Recipient Surgical Technique

Organ Transplantation (Pancreas)

The transplantation procedure began identically to the donor
operation with the aorta clamped distal to the celiac axis using
microclips. The recipient’s pancreas was completely isolated by
interrupting arterial and venous blood flow by ligature and elec-
trocoagulation after laparotomy and abdominal exposition (liga-
tures: Aa. pancreaticoduodenalis superior et inferior; electroco-
agulation: the rest of the vessels). Anastomosis of the abdominal
aorta (recipient) with the aortic segment of the donor was per-
formed using a running suture in side-to-end technique in 8 *
1.5 min (mean * SD) (fig. 3). In the same way, the venous ana-
stomosis of a vena cava segment to the vena cava (recipient) was
completed in 6 * 1 min. After declamping of the aorta and vena
cava, reperfusion started. The warm ischemic time was 17 + 2.5
min. The position of the transplanted pancreas was in the right
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upper abdomen and the duodenal segment was connected side-
to-side with the jejunum of the recipient through a running su-
ture with 7/0 Prolene (fig. 4). Finally, the anastomosis was covered
with the omentum.

Kidney

The recipient’s kidneys were isolated by ligature of the renal
arteries and veins. To prevent urinary reflux, the recipient’s right
and left ureters were ligated. After dissection of the aorta and the
inferior vena cava segment, both arteries and veins of the kidneys
were ligated and the recipient showed acute renal dysfunction.
Now the aortic and venous patches on the allograft kidney were
anastomosed to the aorta and the vena cava. The time for anasto-
mosis was 5 min on the arterial side and 6 min for the vein. The
median warm ischemic time was 14 * 2.0 min. After declamping,
the kidney showed complete reperfusion with a homogeneous
pink color. Ten minutes later, all recipients showed urine produc-
tion via the ureter. Finally, the ureter was inserted into the bladder
with a single-stitch suture (9/0 Ethilon, not resorbable, monofil,
Ethicon, Germany).

Postoperative Care

After the transplantation, the recipients were put into single
cages with infrared radiation, and received water and food. For 12
days postoperatively, the recipients were observed and the body
weight and the health status were documented. Daily laboratory
analyses (creatinine, urea, lipase, amylase and blood glucose)
were performed. To ensure regular hemodilution, the recipients
received daily 2 ml physiological NaCl 0.9%. On day 5 and day 8,
biopsies from the transplanted organs were obtained by mini-
laparotomy. On day 12, recipients were sacrificed after final ve-
nous blood analysis and registration of the body weight. A blood
plasma sample was shock-frozen and stored in liquid nitrogen
(-80°C). Transplanted organs were removed for histopathologi-
cal examination and fixed in 3.7% buffered formalin solution
(Merck, Darmstadt, Germany).
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Fig. 3. Anastomosis between abdominal
aorta (recipient) and the aortic segment of
the donor was performed with a running
suture using side-to-end technique.

Fig. 4. The position of the transplanted
pancreas was in the right upper abdomen
and the duodenal segment was connected
side-to-side with the jejunum of the recip-
ient through a running suture. Finally the
anastomosis was covered with the omen-
tum.

Results

In all transplanted pancreas organs on postoperative
day 5, cell infiltration between the lobes with macro-
phages and some granulocytes was found histopatholog-
ically. On day 8, regular pancreas tissue was diagnosed
without inflammatory infiltrations (fig. 5). In the duode-
nal segment in two cases a small villous atrophy was seen
with no other pathological signs (fig. 6). On day 12, four
transplanted pancreas grafts showed interlobular cell in-
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filtration, consisting of lymphocytes and macrophages,
spreading to the exocrine pancreas tissue. At that time
point, in all organs, proliferation of fibroblasts and iso-
lated macrophages on the endothelium, but without en-
dothelialitis, were found. In 1 recipient, irreversible graft
loss occurred by thrombosis of the portal vein (outflow
of the transplanted pancreas). The recipient’s own pan-
creas and kidneys showed total necrosis on day 5 after
transplantation. All kidney grafts showed excellent per-
fusion at day 5. No complications such as bleeding,
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Fig. 5. On day 8, regular pancreatic tissue was diagnosed without
inflammatory infiltrations. Hematoxylin and eosin staining.
Magnification X400.

thrombosis or kinking were seen in the other 11 cases
(fig. 7). Serum creatinine dropped to 1.7 £ 0.3 mg/dl on
day 3 and reached normal values (0.9 % 0.1 mg/dl) on day
5 (table 1). A similar course was found for urea.

In all recipients blood glucose was normal on day 5
after transplantation (5.7 mmol £ 0.5); however, on post-
operative day 9, hyperglycemia caused by thrombosis of
the portal vein from the pancreas was diagnosed (8.0
mmol) in 1 recipient. During the first 3 days, all animals
showed weight loss of 25%, which they subsequently re-
gained 12 days later.

Discussion

The combination of pancreas and kidney transplanta-
tion in selected patients with type I diabetes, and hemo-
dialysis is the therapy of choice [5-7]. However, despite its
clinical success, combined pancreas/kidney transplanta-
tion is a major operation, and its results were formerly
associated with high morbidity [6]. By now, substantial
improvements in transplant medicine have led to more
than 21,000 transplanted pancreas organs worldwide.
Technical and immunological features of the combined
PKTx and resulting complications underline the neces-
sity of experimental research, especially transplant mod-
els identical with clinical aspects of transplantation.

The transplantation model presented here achieves
perfect simulation of the clinical process, and is easily
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Fig. 6. In the duodenal segment of 2 cases, a small villous atrophy
was seen with otherwise no pathological signs. Hematoxylin and
eosin staining. Magnification X200.

.
Color version available online

Fig. 7. All kidney grafts showed excellent perfusion on day 5. He-
matoxylin and eosin staining. Magnification X400.

Table 1. Plasma values after transplantation on days 5, 8 and 12
(% standard deviation; n = 12)

Day after PKTx  Creatinine Blood glucose Lipase
(n=12) mg/dl mmol/l U/l

Day5 0.97x0.1 57%05 201.0x13.5
Day 8 0.85%0.09 55%0.7 143.7£12.2
Day 12 0.8%0.1 4.9%0.6 126.4%14.0

Eur Surg Res 2009;43:245-251 249



reproducible with low rates of mortality and complica-
tion, resulting in high graft survival. Therefore, this
model has high clinical relevance to technical and immu-
nological issues of transplantation medicine. The tech-
nique developed and described here is reliable and pre-
sents the first report of this method of combined PKTx.
The single pancreas transplantation was first regarded as
experimental therapy for patients with type I diabetes for
two decades since its first description in 1967, because
graft survival compared to liver and kidney transplanted
patients were clearly worse [6]. Due to progress in trans-
plantation medicine, currently more than 21,000 single
pancreas transplantations with patient and graft survival
in 95 and 87.5% combined with kidney transplantation
were registered in the International Pancreas Transplant
Registry [5-7]. Since the first successful kidney trans-
plantation in Boston in 1954 between identical twins,
more than half a million patients in 1,400 specialized
centers underwent transplantation [8, 14]. The special
quality of technique and immunology of the combined
PKTx requires experimental basic research. In particular,
standardized and reproducible models which reflect
technical aspects are needed. Transplanted pancreas or-
gans with intestinal drainage of exocrine secretion in the
syngeneic animal transplantation model have an advan-
tage over models without drainage of exocrine secretion.
All morphologic alterations due to this technique were
considered to be a consequence of graft rejection, and in
iso-transplanted organs this will be interpreted as techni-
cal failure [2-4, 15, 16]. Formerly, the drainage of secre-
tion in pancreas transplantation was ensured via the duo-
denum of the donor, in which the oral side was closed and
the aboral side was connected end-to-side with the first
jejunal loop of the recipient [4]. For morphologic
examination of rejection signs, a model with intestinal
drainage is thought to be more favorable according to
established clinical procedures. This is mainly because
lymphatic cell infiltration and remodelling processes as
observed in syngeneic transplants would not be detected
in pancreaticoduodenal transplants [11]. The transplant
model presented here resembles side-to-side duodenoje-
junostomy that is tailored to the clinical procedure.
Furthermore, the model of combined PKTx allows the
comparison of different transplantation components of
the pancreas, kidney and duodenum with respect to re-
jection characteristics. Also concerning transplantation
order, time factor and exocrine pancreas drainage the
model is comparable to the daily clinical course. Vascular
anastomosis with the aorta and inferior vena cava of both
transplanted organs as described has mainly been per-
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formed in children, but there is no disadvantage com-
pared to the technique in adults by using the external il-
iac artery. Arterial inflow is provided through the celiac
axis and venous outflow through the inferior vena cava.
Thus complications of the portal anastomosis, the num-
ber of anastomoses and operation time will be markedly
reduced [3, 4, 17-20]. In one recipient venous thrombosis
of the vena portae occurred, and the graft waslost 10 days
after transplantation. Typical complications, such as
postoperative bleeding, kinking of the vessels, pancreati-
tis or anastomotic leak, were not observed.

Research in the field of transplantation immunology
in small animal models is adapted to clinical praxis. Or-
gan transplantation in rats is a well-established proce-
dure because the genetic characteristics have been inves-
tigated, and body weight allows the transplantation of
vascularized organs using microsurgical technique [4].
On the basis of clinical transplantation microsurgical as-
pects of combined PKTx were presented in detail using
an experimental model and illustrated with original pic-
tures and drawings.
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