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a b s t r a C t

living donor nephrectomy has been developed and 
promoted as a method to address the shortfall in kidneys 
available for transplantation. the classical method to 
procure a kidney from a living donor is the open donor 
nephrectomy performed through a flank lumbotomy 
incision. however, this classical method has negative 
short- and long-term side effects for the donor. these 
disincentives are a drawback for possible donors to donate 
a kidney. therefore, transplant surgeons were stimulated 
to develop new and less invasive techniques. in this 
review several new open and laparoscopic techniques 
are described. Compared with open donor nephrectomy, 
laparoscopic donor nephrectomy has shown superior results 
in terms of postoperative pain, cosmetics, convalescence, 
and return to normal daily activities. no significant 
differences exist between the two approaches in terms of 
complication rates, cost-effectiveness and graft function. 
nowadays, laparoscopic donor nephrectomy has become 
the preferred method for procuring kidney grafts of living 
donors in many centres.
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i n t r o d u C t i o n

Living donor kidney transplantation is superior to deceased 
donor kidney transplantation because of better patient and 
graft survival rates, better cost-effectiveness and improved 
quality of life of the recipient.1-3 However, the donor needs 
to undergo a major surgical operation for the benefit of 
another individual. In living kidney donation there are 
several surgical techniques for taking a renal allograft 
from a living donor. The classical method to procure a 
kidney from a living donor is the open donor nephrectomy 
performed through a flank lumbotomy incision. In 1995, 

Ratner et al. described the laparoscopic technique to 
perform a living donor nephrectomy.4 The minimally 
invasive aspect of this technique was an important factor 
leading to the fast spread of this technique in the surgical 
community and this became the preferred method for 
procuring kidney grafts from living donors in many 
centres. Laparoscopic donor nephrectomy seems to be at 
least as safe and efficacious as open donor nephrectomy.5,6 
In the past years, several modifications to these two 
techniques of living donor nephrectomy have been 
described (table 1). Nowadays, the surgical technique of 
living donor nephrectomy varies greatly between transplant 
centres in European countries. An audit held in 2005 
revealed that 40% of the living donor nephrectomies in 
Western Europe are performed laparoscopically.7 In 2003, 
the percentage of laparoscopies in the United States was 
approximately 67%.8 
To date, evidence of level I studies comparing the different 
available techniques are scarce. In the beginning of 
laparoscopic donor nephrectomy, patient selection bias 
may have existed, especially in reports from centres in 
which both open and laparoscopic donor nephrectomy were 
performed. The more complex donors at that time could 
have undergone open procedures. Therefore meta-analyses 
are also polluted with this bias and conclusions should be 
drawn with caution. In this review we describe different 
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 table 1. Surgical techniques for living kidney donation

open donor nephrectomy technique

- Classical lumbotomy

- Muscle-sparing mini-incision donor nephrectomy

laparoscopic transperitoneal technique (*)

- Laparoscopic donor nephrectomy

- Hand-assisted laparoscopic donor nephrectomy

endoscopic retroperitoneal technique (*)

- Endoscopic retroperitoneal donor nephrectomy

- Hand-assisted Endoscopic retroperitoneal donor nephrectomy

* these techniques can also be performed with robotic assistance.
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surgical techniques and intraoperative and postoperative 
factors related to laparoscopic donor nephrectomy.

s u r g i C a l  t e C h n i q u e s

open donor nephrectomy
The open donor nephrectomy through the lumbotomy 
approach has been the classical method of procuring kidney 
grafts from living donors for many decades. This technique 
is safe, both for the donor and for the kidney, and it is the 
gold standard all new techniques are compared to.
The donor is positioned in a lateral decubitus position 
on the operating table and is flexed at the level of the 
umbilicus to expose the flank fully. The open donor 
nephrectomy is carried out retroperitoneally through a 
15 to 25 cm flank incision below the 12th rib. Resection 
of the distal part of the lowest rib is frequently applied to 
allow suffi cient access to the kidney. After transection of 
the three layers of abdominal muscles, Gerota’s fascia is 
exposed and the kidney is freed from the surrounding 
tissues. The renal vessels are isolated and the ureter 
with sufficient periureteral tissue is divided as distally as 
possible. After the renal vessels are ligated, it is possible 
to immediately extract the kidney from the operative field 
and start cold perfusion on the back-table. In this way the 
warm ischaemia time is very short. With this procedure 
there is limited risk of postoperative intraperitoneal 
complications, such as adhesions, intestinal perforations, 
splenic injuries or bowel obstructions. However, open 
donor nephrectomy significantly injures the abdominal 
wall resulting in significant postoperative pain, a long 
hospital stay, cosmetic problems and slow convalescence.9 
In the long term, side effects include denervation of the 
abdominal wall, incisional hernias and less frequently 
intractable pain. These adverse events are a drawback for 
potential donors to donate a kidney. Therefore, in most 
centres, over the past decade the open donor nephrectomy 
has been replaced by less invasive techniques. 

Minimally invasive open donor nephrectomy
After the introduction of the laparoscopic donor 
nephrectomy there was a stimulus for developing a 
minimally invasive modification of the classical open 
donor nephrectomy, and subsequently the muscle-sparing 
mini-incision donor nephrectomy was developed. This 
operation can be done via an anterior, flank or posterior 
approach with an incision of approximately 7 centimetres. 
With the donor placed in a lateral decubitus position 
and the operation table maximally flexed, a horizontal 
skin incision is made anterior to the 11th rib toward the 
umbilicus. The fascia and muscles of the abdominal wall 
are carefully split between the muscle fibres avoiding harm 
to the intercostal nerves between the internal oblique and 
transverse abdominal muscles. The peritoneum is displaced 

medially and Gerota’s fascia is opened on the lateral side 
of the kidney. The work ing space is limited, therefore long 
instruments are used. The kidney is meticulously dissected 
and arterial and venous structures are identified. After 
dissection, the ureter is divided and sutured dis tally. The 
renal artery and vein are clamped and ligated. 
This approach provides the safety of the conventional open 
technique. This minimally invasive open donor nephrectomy 
results in reduced blood loss, hospital stay and incision-
related complications compared with the classical open donor 
nephrectomy. There is only a marginal increase in operation 
time without compromising graft and recipient survival.10-12 
Lewis et al. performed a prospective study comparing 
traditional open, minimal-incision, and laparoscopic donor 
nephrectomy. Blood loss was significantly higher for open 
donor nephrectomy (842±1439, 260±195, p<0.0001). 
Postoperative intravenous morphine requirements were 
twice as high after open donor nephrectomy than after the 
minimal-incision technique. Donors were able to do domestic 
tasks quicker after minimal-incision than after open donor 
nephrectomy (2±1 vs 4±3, p<0.05). No differences were 
found in recipient outcome.11 However, on comparison with 
laparoscopic donor nephrectomy, minimal-incision donor 
nephrectomy resulted in slower recovery, more fatigue, a 
worse quality of life for the donor but with equal safety and 
function for donor and graft.13-15 

l a p a r o s C o p i C  d o n o r 
n e p h r e C t o M y

The first laparoscopic donor nephrectomy was performed 
by Ratner and colleagues in 1995.4

With the donor placed in a lateral decubitus position and 
the operation table maximally flexed, 4 or 5 trocars are 
introduced. The abdomen is insufflated to 12 mmHg. The 
colon is mobilised and displaced medially. Gerota’s fascia 
is opened and the renal vein and ureter, with sufficient 
periureteral tissue, are identified and dissected. The renal 
artery is identified. Branches of the adrenal, gonadal 
and lumbar veins are clipped and divided. The ureter 
is clipped distally and divided. Then, a low transverse 
suprapubic (Pfannenstiel) incision or midline incision 
is made creating a gate for extraction of the kidney 
later on. The renal ar tery and vein are divided using an 
endoscopic stapler or clips. The kidney is extracted through 
the extraction incision, and flushed with preservation 
fluid and stored on ice. Extraction of the kidney can be 
performed directly through the incision or by using a 
special endoscopic specimen retrieval bag.
Disadvantages of this technique include the steep and 
long learning curve, the risk of bowel injury from 
trocar insertion or during instrumentation, internal 
hernias or hernia through trocar sites and intestinal 
adhesions.16 Injuries to the lumbar vein, renal artery 
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and aorta, pneumomediastinum, splenic injury, and 
adrenal/retroperitoneal haematomas have been reported.17 
Conversion rate from laparoscopic to open surgery is 1.8% 
(range 0 to 13.3%). Approximately half of the conversions 
to open are for bleeding or vascular injury.18 
The laparoscopic technique results in a shorter vascular 
pedicle when compared with the open donor nephrectomy. 
The warm ischaemia time and operating time for 
laparoscopic donor nephrectomy is substantially longer 
than compared with open donor nephrectomy.
Simforoosh et al. reported the first randomised controlled 
trial between open and laparoscopic donor nephrectomy. 
They included 100 donors and reported no differences 
in complications and graft survival. Donors of the 
laparoscopic group were more satisfied and resumed their 
normal activities earlier.2 
Recently, Nicholson et al. randomised 84 donors between 
open and laparoscopic donor nephrectomy (LDN). LDN 
results in less postoperative complications, less pain, 
shorter hospital stay, earlier return to employment without 
differences in renal function or allograft survival.19

Several meta-analysis compare open and laparoscopic donor 
nephrectomy.15,18 The overall results demonstrate that the 
laparoscopic technique is associated with a significantly 
shorter hospital stay, fewer postoperative analgesic 
requirements, improved cosmetics and a quicker return 
to work as compared with open donor nephrectomy. In 
addition, compared with the open technique, laparoscopic 
donor nephrectomy is associated with less donor morbidity 
and similar allograft function and overall safety, but with 
increased costs.18 Laparoscopic donor nephrectomy was 
compared with the mini-incision open donor nephrectomy 
in a study by Kok et al. In this randomised controlled trial 
comparing laparoscopic donor nephrectomy to mini-incision 
muscle splitting open donor nephrectomy, they reported 
longer warm ischaemia time (6 vs 3 min, p<0.001), less blood 
loss (100 vs 240 ml, p<0.001), less morphine (16 vs 25 mg, 
p=0.005) and shorter hospital stay (3 vs 4 days, p=0.003) 
in the laparoscopic group without a statistically significant 
difference in complication rate (intraoperatively 12 vs 6%, 
p=0.49, postoperatively both 6%) and graft survival.13

hand-assisted laparoscopic donor nephrectomy
Hand-assisted laparoscopic donor nephrectomy was 
first utilised to minimise the learning curve of the 
total laparoscopic donor nephrectomy. In addition, the 
hand port provides addition safety to laparoscopic donor 
nephrectomy, because rapid control of eventual massive 
blood loss from major blood vessels is possible due to the 
hand assistance. Different incisions for hand introduction 
have been described, such as a Pfannenstiel incision, a 
midline supraumbilical, periumbilical or infraumbilical 
incision. The hand port can be used partly or totally during 
the operation.

The hand-assisted laparoscopic donor nephrectomy is 
done transperitoneally.20 After open dissection of the 
distal ureter and gonadal vein through a 7 to 8 centimetre 
Pfannenstiel incision the nondominant operator’s hand 
is introduced through a hand port and two trocars are 
placed. The insufflation pressure is maximally 12 mmHg. 
The right or left colon is then mobilised. The renal vein 
and artery are identified and the kidney is mobilised 
from the surrounding tissue. After transecting the ureter 
distally, the renal artery is transected with metal clips or an 
endoscopic stapler which is used to transect the renal vein. 
The kidney is extracted through the Pfannenstiel incision 
and cold flushed and preserved with preservation fluid. 
Potential disadvantages are higher costs because of the 
hand port, a worse ergonomic position for the surgeon 
during operation, a higher rate of wound infections 
and increased traumatic injury to the transplant as a 
consequence of manipulation. Conversion to open surgery 
is 2.97% in the hand-assisted group.21 The most common 
causes for conversion to open surgery include intraoperative 
haemorrhage or vascular injury, difficult kidney exposure 
or an obese donor, vascular staple malfunction, adhesions 
and loss of pneumoperitoneum. Potential advantages 
of hand-assisted laparoscopic donor nephrectomy over 
conventional laparoscopy include the ability to use 
tactile feedback, less kidney traction, rapid control of 
bleeding, fast kidney removal and shorter warm ischaemic 
periods.21,22 Kokkinos et al. performed a meta-analysis 
which compared the total laparoscopic donor nephrectomy 
with the hand-assisted laparoscopic donor nephrectomy. 
They reported a significantly shorter warm ischaemic time, 
operation time and less blood loss for the hand-assistance 
technique. The hand-assisted technique also had a reduced 
intraoperative and postoperative complication rate when 
compared with the total laparoscopic technique, but these 
differences failed to reach statistical significance.21

In addition, the introduction of hand-assisted laparoscopic 
donor nephrectomy broadens the indications for laparoscopic 
living donor nephrectomy to include obese donors and 
donors who have had previous abdominal surgery.23 Wolf 
et al. reported 47% less analgesic use (p=0.004), 35% 
shorter hospital stay (p=0.0001), 33% more rapid return 
to non-strenuous activity (p=0.006), 23% earlier return to 
work (p=0.037), and 73% less pain six weeks postoperatively 
(p=0.004) in the hand-assisted laparoscopy group compared 
with the open donor group.24 Bargmann et al. showed no 
difference between the hand-assisted laparoscopy group and 
totally laparoscopy group in a randomised controlled trial 
regarding intra and postoperative complications.22

retroperitoneoscopic donor nephrectomy
To limit and prevent possible intra-abdominal 
manipulation of the transperitoneal laparoscopic 
techniques, the retroperitoneal endoscopic donor 
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nephrectomy was developed. During this technique the 
peritoneal cavity is not opened. The technique has been 
described with and without hand assistance. The donor is 
placed in the full lateral position, and the retroperitoneal 
space is created using a balloon or the operators hand 
and maintained by carbon dioxide (CO

2
) insufflation with 

a pressure of 12 mmHg. Dissection of Gerota’s fascia, 
perirenal tissue and vascular structures are performed as 
described above. Potential disadvantages are emphysema 
such as pneumomediastinum, pneumothorax and 
pneumopericardium and gas embolism. Three comparative 
studies from Sweden comparing hand-assisted retroperito-
neoscopic with laparoscopic donor nephrectomy revealed 
no differences in intraoperative and postoperative outcome 
for donor and recipient.25-27 However, data on hand-assisted 
retroperitoneoscopic donor nephrectomy are scarce and 
more prospective data on this technique are needed.

robotic-assisted donor nephrectomy
Horgan et al. described their first series of 12 patients 
undergoing robotic hand-assisted laparoscopic donor 
nephrectomy and compared it with the standard 
laparoscopic donor nephrectomy.28 Robotic-assisted 
donor nephrectomy can be performed with or without 
hand assistance. The Da Vinci robotic system has three 
components: a console, a control tower and the surgical 
arm cart. The donor nephrectomy is performed with 
the patient placed in a decubitus position. The operating 
table is flexed to maximise the exposure of the kidney 
during the procedure. Four trocars are placed in the left 
or right side of the abdomen to allow placement of three 
articulated robotic arms, the robotic camera, and the 
standard laparoscopic instrument used for retraction and 
dissection during the procedure. The left or right colon 
is mobilised medially to expose the kidney. Dissection of 
Gerota’s fascia, perirenal tissue and vascular structures are 
performed as described above.
There is only one small study comparing the robot-assisted 
donor nephrectomy to the open donor nephrectomy 
revealing no differences in intraoperative and postoperative 
outcome for donor and recipient.29 This current lack of data 
has to be filled with prospective studies.
The advantage of this technique is the movement of the 
articulated arm of the robot reproduces the action of 
the human wrist, which provides more free mobility. A 
potential disadvantage is the costs.

i n t r a o p e r a t i v e  f a C t o r s

left or right kidney
There is an ongoing discussion whether right or left 
donor nephrectomy is to be preferred. Most centres 
prefer to use the left kidney for living kidney donation 

because the renal vein is longer, which is advantageous 
during implantation.30-32 However, some surgeons 
prefer the right kidney because it is easier to recover 
than the left kidney and the risk of splenic laceration is 
decreased.33 A single-centre randomised controlled trial 
revealed no differences between left- and right-sided 
donor nephrectomy in donor hospital stay, donor quality 
of life, donor and acceptor complication rates, or graft 
survival. However, operation time for hand-assisted 
laparoscopic donor nephrectomy of the right kidney was 
significantly shorter (150 min, range 92 to 219) than that 
of hand-assisted laparoscopic donor nephrectomy of the 
left kidney (180 min, range 117 to 266, 95% confidence 
interval (CI) 3.93 to 46.38, p=0.021).34 Right hand-assisted 
laparoscopic donor nephrectomy is justified if both kidneys 
have similar anatomy.

Multiple renal arteries and veins
Multiple renal arteries are present in 12 to 33%.35,36 In 
earlier studies the implantation of kidneys with multiple 
arteries has been associated with an increased incidence of 
vascular and urological complications, such as thrombosis 
and ureteral ischaemia, and was considered a relative 
contraindication by some.36,37 However, more recent reports 
state that renal transplantation can be performed safely in 
case of multiple arteries.38-40 Special care has to be taken 
with the lower kidney pole accessory renal arteries as they 
often provide substantial blood supply to the renal pelvis 
and ureter in a transplanted kidney and otherwise giving 
urological complications.
Multiple renal veins are present in 5 to 10% of the 
donors.35,36 Most of the small calibre accessory renal veins 
can safely be ligated, but occasionally reconstruction 
to gain length of a short right renal vein or repair of a 
damaged vein makes additional venous reconstruction 
necessary. It can be concluded that regardless of which 
technique (open or laparoscopic) used multiple vessels are 
not a contraindication.

w a r M  i s C h a e M i a  t i M e  a n d 
o p e r a t i n g  t i M e  

Warm ischaemia time is the time the kidney remains 
at body temperature after its blood supply has been cut 
off but before cold perfusion is started. Compared with 
laparoscopic donor nephrectomy, open donor nephrectomy 
has a shorter warm ischaemia time by 102 seconds (95% 
CI 102.01 to 155.15, p<0.001).18 Warm ischaemia time was 
shorter by 75 seconds in the hand-assisted group compared 
with the laparoscopic donor nephrectomy (95% CI 2.84 to 
116.14, p<0.001).21 In general, especially in the early years 
laparoscopic techniques had a longer warm ischaemia 
time than the open techniques but the hand assistance 
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and organ-retrieval bags have reduced these long warm 
ischaemia times. Nowadays, because of these adjuncts to 
laparoscopic techniques the warm ischaemia time is almost 
identical to open techniques. On the other hand, there is no 
clinically demonstrated negative effect on kidney function 
if the warm ischaemia time is less than 10 minutes, which 
is the case in almost all laparoscopic series.41 
The open donor nephrectomy compared with the 
laparoscopic donor nephrectomy has a shorter operative 
time by 52 minutes (95% CI 39.73 to 64.12, p=0.001).18 The 
hand-assisted group was on average quicker by 30 minutes 
compared with the laparoscopic donor nephrectomy (95% CI 
3.84 to 56.22; p=0.02).21 A recent systematic review stated 
that there appears to be sufficient evidence to conclude 
that both renal function and renal blood flow are decreased 
during pneumoperitoneum. The magnitude of the decrease 
is dependent on factors, such as preoperative renal function, 
level of hydration, level of pneumoperitoneum, patient 
positioning, and duration of pneumoperitoneum.42 

older donors
Due to the increasing organ shortage, more and more 
transplant centres are retrieving kidneys from older 
donors. Excellent results in younger donors encouraged 
them. With increased age more comorbidity such as 
hypertension and diabetes is manifested. Transplantation 
of kidneys from older donors has been associated with 
early hyperfiltration renal injury and shortened graft 
survival.43,44 The use of older living donors remains 
controversial because of the physiological decline in 
glomerular filtration rate beginning in the third decade 
of life and an increased risk of surgical complications 
for the older kidney donor.45,46 Garg et al. assessed a 
systematic review on proteinuria and reduced kidney 
function in living kidney donors.47 They revealed that 
older age at the time of donation was associated with both 
lower pre- and post-donation glomerular filtration rate 
(GFR). However, the change in GFR after donation was 
not statistically associated with donor age at the time of 
donation. Boudville et al. performed a systematic review 
on hypertension after kidney donation and revealed a 5 
mmHg increase in blood pressure within five to ten years 
after donation over that anticipated with normal ageing.48 
Age usually older than 60 years and older age at the time 
of donation were prognostic features associated with 
larger increases in blood pressure. The United Kingdom 
guidelines for living donor kidney transplantation stated 
that age alone is not an absolute contraindication to 
donation but the medical assessment of older donors (>60 
years) must be particularly rigorous to ensure that they are 
suitable. Both donor and recipient should be made aware 
that the older donor may be at greater risk of perioperative 
complications and that the function and possibly the 
long-term survival of the graft may be compromised.49 

However, studies have demonstrated similar graft survival 
rates of older and younger kidney donors.50-53 Several 
studies revealed no differences in complication rates 
between older and younger donors.54-56 In a prospective 
study surgical outcome and the quality of life were 
examined in older living donors, defined as 55 years 
and older. There were no significant differences in 
intraoperative and postoperative complication rates or 
in the one-year graft survival rate between younger and 
older donors. Elderly donors (n=34) had both significantly 
lower postoperative pain at rest at day 1 compared with the 
younger group (p=0.019) and a lower total pain score in the 
analysis for the whole follow-up period (p=0.002). 

obese donors
More and more transplant centres are faced with obese 
donors. However, obesity is recognised as an independent 
cardiovascular risk factor and has also been shown to be 
a significant risk factor for complications following major 
surgery, including living kidney donation.57,58 Recently, 
obesity has been recognised as an independent risk factor 
for end-stage renal disease.59 Compared with persons 
who had normal weight, obese persons had an increased 
adjusted relative risk for end-stage renal disease. In a 
retrospective study of 73 patients, Praga et al. reported 
that 13 out of 14 (92%) obese donors (BMI >30) developed 
proteinuria and renal impairment after a mean follow-up 
of ten years compared with 12% of nonobese donors.60 
A retrospective study involving 5304 donors revealed no 
differences in readmission and reoperation rates between 
normal and obese donors. Higher BMI was associated with 
higher blood pressure (p<0.01). At six months, decline in 
estimated glomerular filtration rate from baseline (p=0.63) 
and percent change in creatinine (p=0.11) did not differ 
significantly across groups. Delayed graft function was 
more common among recipients of kidneys from very 
obese donors (odds ratio 2.16, CI 1.20 to 3.89, p<0.01).61 
Nevertheless, obese donors are accepted in donor selection 
programmes. The United Kingdom guidelines for living 
donor kidney transplantation describe that obese patients 
should undergo careful preoperative evaluation to exclude 
cardiovascular, respiratory and renal disease. They should 
be counselled regarding the increased perioperative risk 
and potential long-term risk of renal disease and advised 
to lose weight prior to donation and encouraged to adopt a 
healthy lifestyle.49 
A randomised controlled trial comparing two mini-incision 
techniques and judging the impact on the quality of 
life, pain, and safety of living kidney donors, revealed 
significantly longer incision length as well as higher blood 
loss in obese donors.62 Open surgical nephrectomy in obese 
subjects is associated with higher rates of postoperative 
complications, primarily wound related.58 A prospective 
study revealed a lower conversion rate in obese female 
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donors compared with obese male donors, due to different 
distribution of fatty tissue.63 At this moment data are 
lacking on whether hand-assisted laparoscopic donor 
nephrectomy or total laparoscopic donor nephrectomy has 
additional advantages in kidney retrieval from obese donors. 

p o s t o p e r a t i v e  f a C t o r s 

Complications
The described mortality risk for open and laparoscopic 
nephrectomy is 0.03%.8,64 The complication rate of donor 
nephrectomy is approximately 10%.6,18 Major complications, 
defined as Clavien65 grade ≥3, are rare, ranging from 2.9 
to 5.8%.66-68 By comparison, pulmonary complications, 
including atelectasis, pneumothorax, pulmonary 
congestion, hypoxia, thrombophlebitis, intramural 
thrombus, and deep vein thrombosis, were reported more 
often after open donor nephrectomy than after laparoscopic 
donor nephrectomy. Wound complications including wound 
infection or abscess, wound haematoma, or seroma and 
incisional hernia were reported both for laparoscopic 
donor nephrectomy and open donor nephrectomy patients. 
Vascular complications, in particular injury to renal arteries 
and veins, were reported more often for laparoscopic donor 
nephrectomy patients, whereas fever, pain, and nausea were 
reported more often for open donor nephrectomy patients.
In 2006, Kocak et al. described a graded classification 
scheme for reporting complications of laparoscopic donor 
nephrectomy, which may be useful for maintaining registry 
information on donor outcomes and when informing 
potential donors about the risks and benefits of this 
procedure.69 In their analysis of 600 laparoscopic donor 
nephrectomies a complication rate of 7.2% was reported. 
These complications were scored in four grades. Grade 1 
was defined as all events that, if left untreated, would have a 
spontaneous resolution or needed a simple bedside procedure 
(39.5%). Grade 2 complications differ from grade 1 in that they 
are potentially life-threatening and usually require some form 
of intervention, but do not result in ongoing disability (55.8%). 
Grade 3 complications are events with residual or lasting 
disability (4.7%). Grade 4 events are those resulting in renal 
failure or death because of any complication (0%).

long-term follow-up 
Long-term follow-up data are crucial for potential donors. 
In the open (donor) nephrectomy group numerous studies 
have revealed no increased risk in morbidity or mortality.70,71 
Forty-five year follow-up of World War II veterans who had 
undergone unilateral nephrectomy for trauma revealed no 
increased risk of hypertension or end-stage renal disease.72 
A recent cohort study from a single centre published 
long-term follow-up after kidney donation.73 In total 3698 
kidney donors were followed from 1963 to 2007. End-stage 

renal disease developed in 11 donors, a rate of 180 cases per 
million persons per year, as compared with a rate of 268 
per million per year in the general population. Older age 
and higher body-mass index were associated with both a 
GFR <60 ml/min and hypertension. Survival appears to be 
similar to that in the general population. 
In addition, the physical and mental quality of life of the 
donors was higher for the donors compared with a control 
group. Laparoscopic donor nephrectomy is a more recent 
technique and long-term follow-up data are not yet available.

recipient graft function
One-year graft survival after laparoscopic donor 
nephrectomy ranges from 93 to 100% and after open donor 
nephrectomy from 91 to 100%.6,18 Five-year graft survival 
after laparoscopic donor nephrectomy is 91% and after 
open donor nephrectomy 86%.19 
To date, no long-term graft survival data between 
laparoscopic donor nephrectomy and open donor 
nephrectomy are available. 
We might conclude that laparoscopic procurement of 
living donor kidneys does not have a clinically measurable 
negative effect on the kidney transplant.

quality of life
The benefits of living kidney transplantations are well 
documented and a recently published systematic review 
revealed that most donors have a quality of life that is similar 
or even better when compared with the general population.74 
Most studies in which the donor’s quality of life is evaluated 
report equivalent or better results if compared with healthy 
controls.75-78 These results are linked to the intense medical 
evaluation of potential living kidney donors, resulting in 
the selection of only healthy and motivated individuals. 
Preoperatively, quality of life scores are higher than the 
age-matched healthy population. Postoperatively, the quality 
of life drops significantly; however, after three months it 
returns to the level at baseline.34 
Several studies as described earlier in this review have 
demonstrated a better quality of life of donors after 
laparoscopic donor nephrectomy than after open donor 
nephrectomy.14,79,80

Costs
Laparoscopic donor nephrectomy has the potential to be 
more expensive due to the longer surgery and the use of 
disposable instruments. However, the shorter hospital 
stay and the donor’s earlier return to work should negate 
the costs. Global hospital costs related to a living donor 
laparoscopic procedure depend on the balance between the 
length of the hospital stay and equipment costs.6,81 Several 
studies have demonstrated the better cost-effectiveness 
of laparoscopic donor nephrectomy as compared with 
open donor nephrectomy. This result of the laparoscopic 
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technique can only be achieved if the length of hospital 
stay is short and there is a low complication rate.

C o n C l u s i o n

Laparoscopic donor nephrectomy is a relatively new 
technique and has become a safe procedure. Various 
earlier contraindications to laparoscopic donor 
nephrectomy, such as right donor kidney, multiple 
vessels and anomalous vasculature, have been overcome 
with increasing experience. Compared with open 
donor nephrectomy, laparoscopic donor nephrectomy 
has shown superior results in terms of postoperative 
pain, cosmetics, convalescence, and return to normal 
daily activities. No significant differences exist between 
the two approaches in terms of complication rates, 
cost-effectiveness and graft function. Finally, the longer 
operating time and warm ischaemia time during 
laparoscopic donor nephrectomy showed no significant 
deleterious effect on graft survival. Laparoscopic donor 
nephrectomy has become the standard method for 
procuring kidney grafts of living donors in many centres. 
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