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ABSTRACT

Background and Objectives: Laparoscopic surgery has
rapidly expanded in surgical practice with well-accepted
benefits of minimal incision, less analgesia, better cosmet-
ics, and quick recovery. The surgical technique for kidney
transplantation has remained unchanged since the first
successful kidney transplant in the 1950s. Over the past
decade, there were only a few case reports of kidney
transplantation by laparoscopic or robotic surgery. There-
fore, the aim of this study is to develop a laparoscopic
technique for kidney transplantation at the region of the
native kidney.

Methods: After initial development of the laparoscopic
technique for kidney transplant in cadaveric pigs, 5 live
pigs (Sus scrofa, weighing 45–50 kg) underwent lapa-
roscopic kidney transplant under general anesthesia.
First, laparoscopic donor nephrectomy was performed,
and then the kidney was perfused and preserved with
cold Ross solution. The orthotopic auto-transplant was
subsequently performed using the laparoscopic tech-
nique. The blood flow of the kidney graft was assessed
using Doppler ultrasonography, and urine output was
monitored.

Results: The laparoscopic kidney transplant was success-
ful in 4 live pigs. Immediate urine output was observed in
3 pigs. The blood flow in the kidney was adequate, as
determined using Doppler ultrasonography.

Conclusion: It has been shown that laparoscopic kidney
orthotopic transplant is feasible and safe in the pig model.
Immediate kidney graft function can be achieved. A fur-
ther study will be considered to identify the potential

surgical morbidity and mortality after recovery in a pig
model before translating the technique to clinical human
kidney transplantation.
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INTRODUCTION

The use of laparoscopic surgery has been widely ex-
panded in clinical surgical practice. In the kidney trans-
plant field, it is well accepted that laparoscopic donor
nephrectomy has equal kidney graft function with mini-
mal incision, less analgesia, better cosmetic appearance,
and quick recovery.1–5 The surgical technique for kidney
transplantation has remained unchanged since the first
successful kidney transplant in the 1950s.6 The kidney is
routinely placed in the iliac fossa with the renal artery
being anastomosed to the iliac artery and the renal vein
end being anastomosed to the side of the external iliac
vein. The disadvantage of this technique is that the kidney
graft is vulnerable to injury or trauma because it is ex-
posed to the front of the pelvis. It also becomes very
challenging when a third or fourth subsequent kidney
transplant is required because of adhesions around the
iliac vessels from previous transplant surgery. Therefore,
the aim of this study is to develop a laparoscopic tech-
nique for orthotopic kidney transplant. We predict that
laparoscopic kidney transplant will have the advantages
of equal graft function, a smaller incision, less pain, a
better cosmetic appearance, a quicker recovery, and a
shorter hospital stay compared with conventional open
surgery.

METHODS

The study was approved by the animal ethics committee
of the university. The study consists of 2 parts. In part 1
the laparoscopic technique for kidney transplant was de-
veloped on 10 cadaveric pigs that were used for other
studies. The technique development included the justifi-
cation of port position and vessel anastomosis. In part 2
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the laparoscopic kidney transplant was performed in live
pigs.

Animals

Ten cadaveric pigs were used after a study conducted by
the department of respiratory medicine. The lungs of the
pigs were removed by the respiratory medicine team for
histopathology. Approval was obtained from the animal
ethics committee of the university for this secondary
study. Five live pigs (Sus scrofa, 2 male and 3 female pigs),
weighing 45 to 50 kg, were transported to the Large
Animal Facility of the university 2 weeks before surgery
for acclimatization. The pigs were housed in a pen above
the floor. They were fed a maintenance diet (Grower;
Westfeeds Pty Ltd, Bentley, Australia) and allowed free
access to tap water. Daily care was provided by the staff of
the Large Animal Facility. The pigs were euthanized by
intravenous injection of pentobarbital (160 mg/kg) at the
end of the study.

Anesthesia

Food was withheld for 12 hours before anesthesia and
surgery, but the pigs were allowed free access to water.
Anesthesia was induced with a combination of Zoletil (4.4
mg/kg) and xylazine (2.2 mg/kg) by intramuscular injec-
tion in the neck. An auricular vein was cannulated, and
propofol (1 mg/kg) was administered intravenously to
achieve an adequate depth of anesthesia for tracheal in-
tubation. The trachea was intubated with a cuffed endo-
tracheal tube (Portex Soft Seal Cuff, 8.0-mm inner diame-
ter; SIMS Portex Ltd, Hythe, United Kingdom). Anesthesia
was maintained with isoflurane delivered in 100% oxygen.
Mechanical ventilation was commenced immediately after
oral intubation of the trachea with a tidal volume of 10 to
15 mL/kg and peak inspiratory pressure �25 cm of water.
The respiratory rate was adjusted to achieve normocapnia
(end-tidal carbon dioxide level, 35–45 mm Hg). The
depth of anesthesia was assessed subjectively by a veter-
inary anesthetist throughout the procedure and altered
accordingly. The auricular artery was also cannulated
for direct blood pressure measurement. In addition, a
central line catheter was inserted into the left jugular
vein (7-French, 2-lumen catheter; Arrow International,
Reading, Pennsylvania) for measurement of central ve-
nous pressure and delivery of intravenous fluid therapy
(Hartmann solution and Gelofusin). Pancuronium was
administered (0.1 mg/kg intravenously) for neuromuscu-
lar blockade. The observations were continuous including
oxyhemoglobin saturation, end-tidal carbon dioxide level,
invasive blood pressure, central venous pressure, pharyn-

geal temperature, and electrocardiogram. The parameters
were recorded every 5 minutes.

Surgical Procedure

After general anesthesia, the pig was placed in the right
decubitus position. The camera port was inserted via a
small open incision (1.5 cm) at a site to the left of midline
and above the umbilicus. The other ports were placed
under vision; the sites of the ports are shown in Figure 1.
The left kidney was identified and the bowel dissected
medially. The renal artery and vein and ureter were ex-
posed and dissected. The renal artery was dissected to the
origin of the aorta and the renal vein to the origin of the
vena cava to obtain the best possible vessel exposure.
This facilitated the subsequent auto-transplant. The left
kidney was mobilized free from its attachments. The ure-
ter was divided first at the level of the lower pole. At this
point, 1,500 IU of heparin was given intravenously. A
small low midline incision (6 cm) in the abdomen was
created by longitudinally cutting the skin and fascia at the
midline. Then, the muscular layer was opened through
the left para-midline (Figure 2). The peritoneal layer
remained intact at this stage. The renal artery and vein
were clamped with an endoscopic Bulldog device (B.
Braun Melsungen AG, Melsungen, Germany) and divided.
The kidney was then delivered by opening the perito-
neum via the incision and perfused on the back table
immediately with cold (4°C) Ross perfusion fluid (Orion
Laboratories, Balcatta, Australia) (1 L of Ross solution plus
10,000 IU of heparin). The kidney graft was prepared on
the back table. No. 6-0 Prolene stitches (Ethicon, Somer-
ville, New Jersey) were placed at the upper and lower

Figure 1. Positions of ports.
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corners of the renal vein as marking stitches, thus facili-
tating the manipulation of the vessel during the anasto-
mosis. The kidney was preserved in the cold perfusion
fluid until implantation.

The kidney was then implanted at the orthotopic location
by a laparoscopic technique. The kidney graft was con-
tinuously flushed with cold (4°C) normal saline solution
via an extra 5-mm port during the period of vessel anas-
tomosis. The renal artery was anastomosed end to end to
the renal artery stump and the renal vein was anasto-
mosed end to end to the renal vein stump by No. 6-0
Prolene running sutures (Figures 3, 4, and 5) in the first
4 pigs and by interrupted stitches in the fifth pig (Figure 6).
The venous running suture was tied with a growth factor
margin allowing distension of the venous anastomosis

after reperfusion. The kidney graft was reperfused by
removing the venous Bulldog device, followed by the
arterial Bulldog device. Forty milligrams of furosemide
was given intravenously after kidney reperfusion. The
ureteral catheter that was inserted into the ureter was
brought out via the laparoscopic port for observation of
urine output.

Postoperative Course

The pig remained under anesthesia during the period of
observation. The vital signs were recorded every 5 min-
utes. The urine output was monitored. Doppler ultra-
sonography was performed to check the blood flow in the
kidney graft. Graft nephrectomy was performed by a lapa-
roscopic technique at the end of the observation period.
The pig was then euthanized according to the study pro-

Figure 2. Small midline incision for delivery of kidney graft.

Figure 3. Renal artery end-to-end anastomosis.

Figure 4. Renal vein end-to-end anastomosis.

RA anastomosisRV anastomosis

Figure 5. Renal graft reperfused rapidly and uniformly. The
arrows show renal artery (RA) and renal vein (RV) anastomosis
by running suture.
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tocol. The vessel anastomoses were examined on the
bench table.

RESULTS

The vital signs of all pigs were stable during the surgery
and postoperative observation period. The blood pressure
was stable from 100 mm Hg/60 mm Hg to 140 mm Hg/80
mm Hg. There were no intraoperative complications and
no conversion to open surgery. There was minimum
blood loss in 4 pigs, and 1 pig had more blood oozing
during the anastomosis. The operative time for laparo-
scopic donor nephrectomy ranged from 1 hour 20 minutes
to 1 hour 50 minutes (mean, 1 hour 30 minutes). The time
for renal artery anastomosis ranged from 30 to 40 minutes,
whereas the time for renal vein anastomosis ranged from
25 to 35 minutes. The graft warm ischemic time ranged
from 3 to 5 minutes. The graft cold ischemic time ranged
from 1 hour 50 minutes to 2 hours 20 minutes. Four of five
grafts were reperfused rapidly and uniformly (Figures 5
and 6). Urine output was immediately seen in 3 pigs. The
blood flow in the kidney grafts was satisfactory on Dopp-
ler ultrasonography; the arterial waveforms in the kidney
parenchyma were normal, as was venous flow. On post-
mortem examination, the vessel anastomosis was shown
to be widely patent in 3 pigs (Figure 7), whereas there
was narrowing at the anastomoses of the renal artery and
vein in the other 2 pigs.

DISCUSSION

The use of laparoscopic surgery has expanded rapidly in
clinical surgical practice, replacing conventional open sur-
gery. A laparoscopic technique has also been successfully
used for vessel anastomosis with satisfactory results and
significant benefits to patients.7,8 However, the surgical

technique for kidney transplant has remained unchanged
since the first successful kidney transplant in the 1950s.6

Basically, an open incision is needed at the lower abdo-
men and the kidney graft is placed at the iliac fossa in a
heterotopic position. In this open surgery, the incision is
approximately 15 to 20 cm long and cutting of the mus-
cular layers is unavoidable. Recently, there have been few
reports of heterotopic kidney transplant by laparoscopic/
robotic surgery, which could minimize the incision for
placement of the kidney graft.9–14 However, the disadvan-
tage of these techniques is that the kidney graft is located
at the pelvis, where it is relatively superficial and suscep-
tible to injury during contact sports or trauma. Moreover,
a third or fourth kidney transplant can also be very diffi-
cult because of the formation of adhesions surrounding
the iliac vessels from previous transplant surgery. Open
surgery for orthotopic kidney transplant has been re-
ported in the literature as an effective alternative for those
recipients in whom a heterotopic transplant was inappro-
priate, such as patients with a retained iliac fossa from a
former graft, thrombosis of the iliac vein, or severe arthro-
matosis on the iliac artery.15–18 The long-term patient and
graft survival rates are comparable with those for conven-
tional heterotopic kidney transplant.18 However, open or-
thotopic kidney transplant has not been the favored ap-
proach because it is more difficult when compared with
conventional heterotopic kidney transplant. It usually re-
quires a longer midline incision or use of a posterolateral
lumbotomy, in which massive muscles will be cut.17,18 As
a result, more analgesia is required and the recovery takes
longer. This study has shown that orthotopic kidney trans-
plant can be performed safely by a laparoscopic ap-

RV

Figure 6. Renal graft reperfused rapidly and uniformly. The
arrow shows renal vein (RV) interrupted stitches.

Figure 7. Removed kidney graft after transplantation. The renal
artery and vein anastomoses are patent.
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proach, in which only a small midline (6-cm) incision is
needed. The application of the laparoscopic technique for
human orthotopic kidney transplant could facilitate the
consideration in selected recipients. In particular, it could
be useful for younger recipients who wish to enjoy active
sports and those who have an unsuitable pelvic condition
for heterotopic kidney transplant.

To our knowledge, this is the first report of laparoscopic
kidney orthotopic transplant in a pig model. Obviously, in
this experiment, laparoscopic kidney transplant only re-
quires a small incision (6 cm) in the lower midline for
delivery of the kidney graft in and out. The incision was
created by opening the skin and fascia at the midline and
opening the muscular layer in the para-midline, which
makes the incision function like a valve to effectively
reduce gas leak. This incision is time and cost saving
because it does not need to be closed or sealed to prevent
gas leak, and it thus minimizes the warm ischemic time of
the graft. In this study, we have learned that the laparo-
scopic vessel anastomosis for kidney transplant is safe and
feasible. The quality of vessel anastomosis by the laparo-
scopic technique is reliable on postmortem examination.
Nevertheless, the anastomotic stenosis tends to occur in
the fashion of a continuous anastomosis because the renal
vein wall is very thin and the renal artery is very small in
caliber. This phenomenon was also reported in open
kidney orthotopic transplant in a pig model.19 The inter-
rupted stitch for vessel anastomosis could be considered
in a future study when the laparoscopic suture technique
is improved (Figure 6). This could prevent the possibility
of anastomotic stenosis in this model. Alternatively, the
sutures can be tied after the Bulldog device has been
repositioned, allowing the blood flow through the anas-
tomosis in the renal artery and the growth factor created at
the renal vein anastomosis to prevent the anastomotic
stenosis. It was noticed that the vessel anastomotic time
was longer by the laparoscopic technique. However, this
is a fairly new technique. The laparoscopic instruments
used in this experiment were not fine enough because the
renal artery was usually smaller in caliber (�2–3 mm in
diameter) than those in the human kidney. We believe the
laparoscopic vessel anastomotic time will be reduced dra-
matically with further practice over time and modification
of the laparoscopic instruments. Robotic surgery may
have advantages in vessel anastomosis because of its 3-D
view of the system compared with laparoscopic sur-
gery.11,13,14 It may shorten the vessel anastomotic time,
improve the quality of vessel anastomosis, and minimize
the ischemic-reperfusion injury to the graft. Further stud-

ies will also be of value in determining the technique for
endoscopic vessel anastomosis.

Regarding animal welfare concerns, this model of laparo-
scopic kidney transplant could be applied to other re-
search projects in which the kidney transplant model is
involved, such as ischemic-reperfusion injury with bene-
fits of smaller incision and less requirement for analgesia.
This model could also provide an opportunity for sur-
geons who wish to perform human laparoscopic kidney
transplant to obtain the skill.

A limitation of this study is that the observation of graft
function was performed for only up to 4 hours after
kidney transplant. Further studies have been approved by
our animal ethics committee to investigate the impact of
laparoscopic kidney transplant on morbidity and mortality
in a survival pig model. The pigs and kidney graft function
will be observed for 4 weeks after transplant using the
laparoscopic technique. The graft function will be moni-
tored by regular testing of the serum creatinine level after
laparoscopic kidney transplant. Further information on
safety and feasibility will be provided before application
to human clinical kidney transplant with the laparoscopic
technique. Nevertheless, our initial experience suggests
that the use of the laparoscopic technique could facilitate
orthotopic kidney transplant in selected recipients.
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