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CHAPTER 1

PROLOGUE
The ancient Egyptians developed a medical system that was highly advanced for 
its time. Homer (c. 850 BC) remarked in the Odyssey that ‘in Egypt, the men are 
more skilled in medicine than any of human kind’, and according to Herodotus 
(484-425 BC) ‘Egyptian medicine is so specialized that each physician is a healer 
of one disease and no more’.1 Their medical specialties included surgery, gastro-
enterology, proctology, dentistry, ophthalmology and the unspecified ‘inspection 
of liquids’. Ancient Egyptian surgeons - literally translated as ‘doctors who supervise 
butchers’ - were mainly concerned with circumcision, drainage of abscesses, 
amputations and setting of bones.

As in other ancient cultures, Egyptian medicine also dealt with the supernatural. 
Possession by malevolent spirits was generally considered to be the cause of 
illness.2 Therefore, there was no clear distinction between physicians and priests. 
Both used incantation, amulets and magic for the treatment of the sick.3 The priest-
physicians were also responsible for the preparation of the dead and removal of 
the internal organs for mummification purposes. 

The combination of surgery, autopsy and mummification gave the Egyptians a 
vast knowledge of the body’s morphology and a considerable understanding of 
organ function. Although the function of most organs was known correctly, there 
were some misunderstandings. The heart for instance, was considered to be the 
seat of thought and reason. Also the function of the kidneys was misunderstood. 
They were not seen as excretory organs as urine was thought to be formed in the 
urinary bladder.4 Hence, the otherwise functionless kidneys were given a spiritual 
role and were seen as the seat of strength, emotion and wisdom. Their well-hidden 
position in the body was considered essential for the safekeeping of man’s most 
inner feelings and secrets. It was Galen (131-200 AD) who after many centuries 
provided conclusive experimental evidence that the kidneys produce urine.5 

The Egyptian perspective on the kidneys spread into other cultures.6 In Hebrew 
tradition, the kidneys were considered the most important internal organs along 
with the heart. In the Old Testament the kidneys are associated with the inner 
emotional life, and the heart is regarded as the seat of thought. The Talmud, 
which is the central text of Rabbinic Judaism, states that ‘there are in man two 
kidneys; one gives good advice, the other one provides bad counsel’.7 The kidneys 
are mentioned five times in the Bible as the organs examined by God in passing 
judgment on a person. In modern translations of the Bible however, the original 
word ‘kidney’ is replaced by ‘secret thoughts’, ‘soul’, or even ‘heart’.8 

Now modern medical science has given us a clear understanding of the kidney 
and its functions, and although the kidney itself is no longer associated with the 
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seat of inner feelings, this association is still noticeable in the Dutch proverb ‘in hart 
en nieren’, which is a way to indicate strong conviction. 
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CHAPTER 2

INTRODUCTION
The kidneys serve as a natural filter of the blood by removing water-soluble wastes 
and by reabsorption of water, glucose and amino acids. Additionally, they play 
several roles in homeostasis, such as the regulation of blood pressure and the 
maintenance of the acid-base balance. Kidneys also produce specific hormones 
including erythropoietin and the enzyme renin. Patients with end-stage renal 
disease (ESRD) may develop problems with all the aforementioned functions. 

Around 75% of ESRD is caused by malignant hypertension, diabetes mellitus or 
glomerulonephritis. ESRD is irreversible, but can be treated with kidney replacement 
therapy. Hemodialysis or peritoneal dialysis can be used as long-term therapy or 
to bridge the time between ESRD and transplantation. Kidney transplantation, 
especially from a living donor, results in a better life expectancy and quality of life 
than dialysis. Ideally, transplantation should be done pre-emptively for an even 
better prognosis. 

Since the first kidney transplantations in France in 1952, and the more successful 
procedure in the United States between identical twins in 1954, transplantation 
medicine has developed greatly. Modern immunosuppressive medication and 
surgical techniques make it a safe treatment for ESRD patients.

PART I   SURGICAL ASPECTS OF LIVING DONOR NEPHRECTOMY

A major issue in transplantation medicine is the shortage of postmortal kidney 
donors. Therefore, the emphasis is increasingly on living kidney donors. An additional 
benefit of living donors is a better patient and graft survival on comparison with 
kidneys from deceased donors. However, for the donors, transplantation is of no 
medical benefit and they have to undergo major surgery with its associated risk of 
complications. Although mortality of living donor nephrectomy is low, at 3.1 per 
10,000 donors, it is important to understand the risks of living donor nephrectomy 
in order to minimize them. In Chapter 3 we describe relevant risk factors for 
hand-assisted laparoscopic donor nephrectomy (HALDN), which is the preferred 
approach for kidney procurement in many medical centers. 

Surgical site infections (SSI) are the most frequent cause of morbidity after donor 
nephrectomy. Minimizing the risk of SSI contributes to a lower threshold for living 
donors to donate and better quality of life after donation. For this reason we applied 
gentamicin-containing collagen sponges during closure of the wound in order to 
reduce the risk of SSI. The results are described in Chapter 4.  

To pursue the further reduction of morbidity after donor nephrectomy, we 
studied fast track perioperative care for HALDN. Fast track perioperative care 
aims to expedite postoperative recovery and shorten hospital stay by optimizing 
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several perioperative aspects such as dietary intake, effective pain management 
and mobilization. The results of a randomized clinical trial in which fast track 
perioperative care is compared with standard care is described in Chapter 5.

PART II  SURGICAL ASPECTS OF RENAL TRANSPLANTATION

SSI also contribute to morbidity after kidney transplantation for acceptors. In Chapter 
6, we describe risk factors for wound complications after renal transplantation and 
the effect of wound complications on outcome of renal transplantation in terms of 
graft function and patient survival.

A more serious complication of renal transplantation is graft failure, which in 
some cases necessitates transplant nephrectomy. This procedure is associated with 
high morbidity and mortality rates. There is no consensus on if or when a failed 
renal graft should be removed. We report our results on transplant nephrectomy 
in Chapter 7.

PART III  UROLOGICAL ASPECTS OF RENAL TRANSPLANTATION

Urological complications are the most frequent cause of surgical morbidity 
after renal transplantation and are mostly due to urinary leakage, ureteral 
stricture, vesicoureteral reflux or significant hematuria. The type of ureterovesical 
anastomosis may be associated with the development of urological complications. 
There are many techniques for the anastomosis, but no consensus exists on which 
one to use. We performed a systematic review of all ureterovesical anastomotic 
techniques described in the literature and their relation to urological complications. 
This is presented in Chapter 8. 

In addition, 1% of all donor kidneys have a double ureter system. This presents 
an extra challenge for the ureterovesical anastomosis and there is no unequivocal 
evidence on what technique to use in these cases. In Chapter 9 we present the 
results of a case-control study and review of the literature on ureterovesical 
anastomotic techniques in kidneys with a double ureter. 

If urological complications do arise, they can be managed by either percutaneous 
drainage, balloon dilatation or surgical revision. Not much is known about the 
effectiveness of these three techniques. We assessed the clinical outcome of these 
methods and describe the risk factors for surgical revision of the ureterovesical 
anastomosis in Chapter 10.
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CHAPTER 3

Risk factors for perioperative complications in 
hand-assisted laparoscopic donor nephrectomy

V.P. Alberts, M.M. Idu and R.C. Minnee

ABSTRACT
Living donor kidney transplantation is the preferred treatment for end-stage renal 
disease; however, the shortage of kidney donors remains a big problem. One of 
the major reasons for the shortage of living donors is the risk of potentially serious 
surgical complications of a procedure in which the donor has no personal medical 
benefit. Therefore it is important to understand the risk factors for perioperative 
complications associated with donor nephrectomy. Hand-assisted laparoscopic 
donor nephrectomy is the preferred approach for kidney procurement in many 
medical centers. 

This review gives an overview of the risk factors in donor nephrectomy and more 
specifically in hand-assisted laparoscopic donor nephrectomy.

Progress in Transplantation 2014 Jun;24(2):192-198
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INTRODUCTION

Kidney transplantation is currently the optimal method for treating patients with 
end-stage renal failure. Living donor kidney transplantation is superior to deceased 
donor kidney transplantation because of its better patient and graft survival, the 
improved quality of life of recipients, and its greater cost-effectiveness.1-3

Traditional open living donor nephrectomy has generally been replaced by 
laparoscopic donor nephrectomy since its introduction in 1995.4 Introduction of 
the laparoscopic technique led to less donor morbidity, a significant reduction in 
hospital stay, and faster donor recovery with similar graft function, but was also 
associated with increased costs and operation time.5,6 Hand-assisted laparoscopic 
donor nephrectomy (HALDN), introduced in 1998, aimed to combine the advantages 
of the laparoscopic technique with the quicker and safer kidney retrieval of the 
open technique. HALDN allows use of tactile feedback during surgery and results 
in less kidney traction, rapid kidney removal, and a shorter warm ischemic time.7-9 
Additionally, HALDN can be performed in obese donors and patients who have 
undergone previous abdominal surgery, which increases the population eligible 
for donation.10

Currently, no gold standard exists for donor nephrectomy, and several different 
techniques are being used. Published reports suggest an acceptable low risk 
of complications during the various techniques of living donor nephrectomy, 
with minimal donor morbidity. However, donor nephrectomy remains a major 
surgical intervention and thus may be associated with serious perioperative and 
postoperative complications. Several donor characteristics are associated with an 
increased risk of developing complications after nephrectomy and these donor 
characteristics are regarded as risk factors in donor nephrectomy. 

It is important to understand the risk factors for the development of perioperative 
complications in HALDN during assessing and counseling of a potential donor, as 
living donor nephrectomy is a unique procedure in which the donor is subjected 
to a surgical risk without underlying disease and with no direct personal benefit 
from the procedure. Morbidity resulting from donor nephrectomy increases the 
threshold for donors to donate and should be minimized. In this article, we give an 
overview of risk factors in donor nephrectomy and compare risk factors for HALDN 
with those for other techniques.

SURGICAL TECHNIQUES

Open donor nephrectomy
The open technique of donor nephrectomy has been the classical approach for 
many decades and is still used in some centers. It is a safe retroperitoneal procedure 
in which a 15- to 20-cm flank incision is used. The benefits of the open technique 
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are the minimal risk of intraperitoneal complications, such as intestinal perforation 
or splenic laceration. Additionally, the duration of the procedure is shorter than 
that of other techniques. Warm ischemic time is shorter than with laparoscopy, 
but similar to that for HALDN. The drawbacks are a bigger surgical wound and 
therefore a longer recovery period, more postoperative pain, cosmetic problems, 
and a higher risk of incisional hernias when compared with laparoscopy or HALDN. 
Because of these drawbacks, most centers have replaced the open technique with 
less-invasive techniques.4-6,11

Mini-incision open donor nephrectomy
The introduction of laparoscopy encouraged the development of less-invasive 
techniques in open donor nephrectomy, and thus the mini-incision open 
technique was introduced in 1996. With this technique, a minimal incision of 7 cm 
anterior to the eleventh rib or in the flank is used.12 The muscles are then carefully 
split. Consequently, no muscles are damaged and rib resection is not performed. 
Compared with the open technique, there is less blood loss, a shorter hospital 
stay, quicker recovery, and reduced incidence of wound-related complications.12-14 
Disadvantages in comparison with the open technique are the longer duration of 
the procedure due to the small working space.

Laparoscopic donor nephrectomy
The laparoscopic procedure is done with a video endoscope and three additional 
trocars. The colon is mobilized and displaced. The renal vein and ureter are identified 
and dissected. Then a Pfannenstiel or midline incision is made through which the 
kidney is removed after ligation of the renal artery. The benefits of this technique 
are a shorter hospital stay, faster recovery, a smaller wound, fewer wound-related 
complications, and less postoperative pain compared with the open technique 
or the mini-incision technique. Those factors do not differ significantly between 
laparoscopic donor nephrectomy and HALDN. Disadvantages of this technique are 
the steep learning curve, high costs, the risk of intraabdominal injury from trocars, 
and the risk of conversion to the open technique. These risks are decreased with 
the use of HALDN.4,15,16

 

Retroperitoneoscopic donor nephrectomy
The retroperitoneoscopic technique was developed to prevent intra-abdominal 
complications, as the peritoneal cavity is not opened. The procedure can be done 
with or without hand assistance. The retroperitoneal space is created by using the 
operator’s hand or a balloon. Dissection of the renal structures is as described in 
the preceding section. Potential disadvantages are emphysema due to the use 
of pressurized air to create the pneumoretroperitoneum, pneumomediastinum, 
pneumothorax, and gas embolism. Data on the retroperitoneoscopic procedure are 
scarce; however, several studies have shown outcomes for donors and recipients 
similar to outcomes for the laparoscopic approach.17,18



____
18

CHAPTER 3

HALDN
The HALDN technique combines the benefits of laparoscopic surgery and open 
surgery. The procedure is done transperitoneally. Different incisions for hand 
introduction are used, such as a Pfannenstiel incision or a midline supraumbilical, 
periumbilical, or infraumbilical incision. After open dissection of the distal ureter 
and gonadal veins, the nondominant hand of the operator is introduced through 
a hand port and two trocars are placed. The abdomen is insufflated to maximally 
12 mmHg. The colon is mobilized and displaced medially. With the assistance of 
the surgeon’s hand, the kidney is freed from the surrounding attachment and the 
renal artery is transected with metal clips or an endoscopic stapler. The kidney is 
extracted manually through the hand port and is flushed and preserved with cold 
preservation fluid. HALDN comes at a higher cost and has a longer operation time 
compared with the open technique, but lower cost and time required than the 
laparoscopic technique.17 Advantages of HALDN over conventional laparoscopy 
include the ability to use tactile feedback, less kidney traction, rapid control of 
bleeding, faster kidney removal, shorter warm ischemic periods, and a shorter 
learning curve. Conversion to open surgery is 2.6% in HALDN, compared with 4.1% 
(range 0% to 4.7%) for totally laparoscopic donor nephrectomy (P = 0.35), and was 
mostly performed for vessel injury and adhesions.7,16

DONOR RISK FACTORS

Obesity
Obesity is an increasing problem in the Western world. It is well known as an 
independent risk factor for cardiovascular disease and is furthermore associated 
with end-stage renal disease (ESRD), independent of blood pressure or diabetes 
mellitus, due to an increased glomerular filtration rate and filtration fraction, which 
are predictors for loss of renal function.19 Additionally, it is a significant risk factor 
for  complications following abdominal surgery, including HALDN.20-22 Results of 
several studies indicated that obesity is no contraindication for HALDN.21-24 In a 
retrospective study of 553 consecutive HALDNs by Heimbach et al, donors with 
a body mass index (calculated as weight in kilograms divided by height in meters 
squared) exceeding 35 kg/m2 had more minor perioperative complications and 
longer operation times than did nonobese donors. 21 However, major complications 
and hospital stay were comparable between the two groups. The conversion rate 
to open surgery is comparably low between obese and nonobese donors during 
HALDN, but is increased in obese donors during laparoscopic donor nephrectomy. 
In a study of 350 kidney donors, Gabr et al. reported no conversions to open 
surgery in both obese and nonobese donors during HALDN.25 However, during 
laparoscopic donor nephrectomy, the conversion rate to open surgery was 0.8% in 
nonobese donors, 3.0% in obese donors (body mass index 30 to 39.9 kg/m2), and 
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17% in morbidly obese donors (P = 0.003). A recent retrospective study of 5304 
donors showed no differences in mortality, readmission, and reoperation rates 
between obese and nonobese donors.23 Although HALDN is generally considered 
a safe procedure in obese donors and is favored over the laparoscopic approach, 
it is imperative to evaluate these patients carefully with respect to their higher 
baseline cardiovascular risk and increased risk of long-term renal disease.

Previous abdominal surgery
Donors with prior abdominal surgery have an increased risk of intra-abdominal 
adhesions as high as 85% (range 55% to 100%), compared with 52% (range 2% to 
93%) in patients without prior abdominal surgery.26-28 A study by Kok et al. of 161 
donors who underwent laparoscopic donor nephrectomy shows significantly more 
conversions to the open procedure in the presence of intra-abdominal adhesions 
(0% in adhesion-free donors vs 10% in donors with intra-abdominal adhesions, P 
= 0.005).29 However, they conclude that these adhesions have no negative effect 
on the chance of success of the procedure and therefore advise a laparoscopic 
approach regardless of abdominal surgical history.

Smoking 
The incidence of wound-related complications after HALDN ranges from 3% to 
10%, which includes surgical site infections and incisional hernias.30 Wound-related 
complications occur more often in HALDN than in laparoscopic nephrectomy, but 
less often than with the open technique.10,30 Smoking is a known independent risk 
factor for poorer wound healing. Smokers have 1.8 times less collagen production 
than nonsmokers have as a result of the negative effect of toxic constituents of 
cigarette smoke.31,32 Smoking leads to increased rates of postoperative wound 
dehiscence and wound infections.33 In a study of 422 patients with hand-assisted 
laparoscopic surgery by Montgomery et al. smokers had a significantly higher risk 
of incisional hernias (6%) compared with the general population (3.5%, P = 0.04). 
The risk of surgical site infections was not significantly increased.30

Age
The use of older kidney donors is controversial because of their physiological decline 
in renal function and higher incidence of comorbid conditions, and therefore their 
increased susceptibility to surgical complications. However, owing to the persistent 
shortage of organ donors, the selection criteria for donors are more flexible and 
older donors are increasingly being accepted. Several studies have shown similar 
graft survival rates and no differences in complication rates between older and 
younger donors.34-36 Nevertheless, increased age at donation is associated with a 
lower glomerular filtration rate and an increased risk of long-term development of 
hypertension.37,38 Although age itself is not an absolute contraindication for kidney 
donation, older donors should be rigorously assessed before kidney donation.
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Hypertension
According to the United Kingdom’s guidelines on hypertensive potential donors, 
blood pressure of donors should be well under control with one hypertensive 
agent with no end-organ hypertensive damage.39 The risk of developing ESRD 
in this group is predicted to be less than 1 in 100.40 Evidence suggests that 
normotensive kidney donors are at greater risk of developing hypertension than 
the general population. Boudville et al. reported an increase of 5 mmHg in systolic 
blood pressure within 5 to 10 years after nephrectomy on top of the increase in 
blood pressure due to normal aging.38 However, researchers in other studies did 
not find this effect.41,42

Glucose intolerance
Living kidney donation is contraindicated in persons with diabetes mellitus 
because of a 25% to 51% long-term risk of developing diabetic nephropathy.43,44 The 
guidelines of the British Transplantation Society/The Renal Association recommend 
measurement of the fasting serum level of glucose in normal donors or an oral 
glucose tolerance test in donors with a higher risk of developing diabetes.39 If the 
fasting serum level of glucose is normal (below 7 mmol/L), they are eligible for 
donation. A fasting plasma level of glucose on two occasions of 6.1 to 6.9 mmol/L 
indicates glucose intolerance. Persons with glucose intolerance have an increased 
risk of developing diabetes mellitus type II, as high as 30% in persons with a family 
history of diabetes mellitus and 10% in persons with no family history of diabetes.45 
However, Okamoto et al. studied 444 living kidney donors with a mean follow-
up of seven years and found no differences in development of diabetes mellitus, 
ESRD or mortality between donors with glucose intolerance and donors without.46 
Potential donors with glucose intolerance and a family history of diabetes mellitus 
should be well counseled about a possible increased risk of diabetes mellitus and 
consequent nephropathy.

Proteinuria
The presence of proteinuria is a risk factor for developing ESRD, and increased 
protein excretion in the urine excludes the ability to donate.39 Researchers in several 
studies have reported an increased amount of urinary protein after kidney donation, 
compared with control subjects, although the amount is usually small.41,47-49 A small 
increase in proteinuria is not associated with a higher risk of developing ESRD.37,50

Pregnancy
Several older studies report no difference in pregnancy outcomes between 
kidney donors and the general population.51-53 However, in two recent studies 
researchers described increased maternal risks during pregnancy after donor 
nephrectomy.54,55 Reisaeter et al. reported an increased incidence of pre-eclampsia 
in postnephrectomy pregnancy (5.7%), compared with pregnancy in nondonors 
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(2.6%, P = 0.03).54 However, the rate of pre-eclampsia in the nephrectomy group 
was still within the range of pre-eclampsia seen in the normal population. The 
occurrence of stillbirths was also increased from 1.1% in control subjects to 
2.8% after donor nephrectomy (P = 0.17). Ibrahim et al. found that postdonation 
pregnancy was significantly less likely to result in á term delivery (74% vs 85%; P 
< 0.001) and more likely to result in fetal loss than predonation pregnancy (19% 
vs 11%, P < 0.001).55 Pregnancy after kidney donation was also associated with a 
higher risk of gestational diabetes, gestational hypertension, proteinuria, and pre-
eclampsia.

Multiple arteries or veins
In 12% to 33% of kidney donors multiple renal arteries are present, and in 5% to 
10%, multiple renal veins are found.56,57 It is known that multiple renal arteries 
and veins of the donor kidney may cause an increased risk of complications in 
recipients, such as delayed graft function.58,59 Additionally, the presence of multiple 
renal vessels may cause an increased risk for kidney donors. During nephrectomy, 
the renal vessels are ligated, and one could expect a proportionally increased risk of 
vascular complications with a higher number of renal vessels. However, researchers 
in several studies reported no difference in postoperative complications between 
donors with multiple renal arteries and donors with a single renal artery.60-62 The 
presence of two or more renal arteries is associated with an increased risk of 
developing hypertension in the general population.63,64 Nevertheless, in a recent 
study Rizzari et al. reported no increased risk of hypertension, proteinuria, or 
increased glomerular filtration rate in donors who were left with a kidney with 
multiple arteries.65

Psychological issues
Kidney donation is associated with a similar or even better quality of life than 
the quality of life for the general population.2 This better quality of life can be 
explained by a positive effect of the altruistic act of donation and the overall 
better health status of kidney donors. However, Smith et al. reported an increase in 
psychological problems after kidney donation: a 29% incidence of depression and 
anxiety disorders.66 Potential kidney donors should undergo a full psychological 
assessment before donation, especially if they have a history of psychological 
problems.

Left or right kidney
Debate continues about whether right or left donor nephrectomy is preferred 
if both kidneys have equal anatomy. The right kidney is more easily recovered 
and right nephrectomy decreases the risk of laceration of the spleen, but right 
nephrectomy is associated with a shorter renal vein and an increased risk of 
renal vein thrombosis.67 Left donor nephrectomy results in an advantage during 
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implantation due to a longer renal vein, but the left kidney is harder to recover and 
the risk of chylous leakage is greater. This risk is nearly 4% and is solely associated 
with leftsided nephrectomy.68 Researchers in several studies report justification for 
either side or preference for right-sided HALDN.69-73 A single-center randomized 
controlled trial revealed no differences between left- and right-sided donor 
nephrectomy in donor hospital stay, donor quality of life, donor and recipient 
complication rates, or graft survival. However, operation time for right HALDN 
was significantly shorter (mean 150 minutes; range 92 to 219 minutes) than that 
of left HALDN (mean 180 minutes; range 117 to 266 minutes; P = 0.02).69 If both 
kidneys have similar anatomy, right HALDN is preferable because recovery after 
right HALDN is quicker and safer.68,70,72

DISCUSSION

Kidney donors are relatively healthy persons who undergo thorough preoperative 
screening. However, because of the persistent shortage of organ donors, the 
population eligible for donation is expanding and with more donors with minor 
health problems being accepted for donation, there might be an increase in the 
risks associated with kidney donation. 

HALDN combines the benefits of laparoscopy with the benefits of the open 
technique. As with laparoscopy, HALDN results in a shorter hospital stay, less 
morbidity, and faster recovery when compared with the open technique. However, 
in addition to laparoscopy, HALDN offers the possibility of tactile feedback, shorter 
duration of surgery, fewer intraoperative complications, a shorter warm ischemic 
time, and fewer conversions to open surgery. Therefore, it is the procedure of 
choice in numerous centers, including ours. 

Despite the fact that HALDN is a relatively safe procedure, a better understanding 
of the risk factors for perioperative complications in donor nephrectomy and the 
various nephrectomy techniques is important for the development of policy 
around kidney donation, during assessing and counseling of potential donors, 
and to ensure maximal reduction of perioperative and long-term risks for donors. 
Several risk factors are associated with HALDN, although most have low morbidity. 
With the advantage of surgical techniques and perioperative care, the risks of 
donor nephrectomy are declining.
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CHAPTER 4

Effect of gentamicin-containing collagen sponges 
on surgical site infection after hand-assisted 
laparoscopic donor nephrectomy

V.P. Alberts, R.C. Minnee, F.J. Bemelman, K.A.M.I. van der Pant and M.M. Idu

ABSTRACT
Postoperative surgical site infection (SSI) can be considered a frequent complication 
of handassisted laparoscopic donor nephrectomy (HALDN). Since 2007, our center 
routinely used a gentamicin-containing collagen sponge (GCCS) when closing the 
wound. The effect of GCCS on SSI is not elucidated clearly. In this retrospective 
cohort study we assessed the effects of GCCS on SSI after HALDN.

Between December 2004 and November 2007 we treated 100 patients without 
GCCS, and from November 2007 to July 2010 there were 100 patients with GCCS 
placed after HALDN. SSI was defined as an incisional infection that required an 
intervention such as opening of the wound or antibiotic treatment within 90 days 
after surgery.

Implantation of a GCCS resulted in a statistically significant reduction of the SSI rate, 
from 6% to 0% (P = 0.01). All infections occurred in the Pfannenstiel incision site. 
There was no significant difference in creatinine concentration after three months 
between both groups.

The use of a GCCS reduces the risk of SSI significantly after HALDN without 
compromising kidney function.
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INTRODUCTION

Living donor renal transplantation has increased over the last years, as it provides 
better patient and graft survival than organs from deceased donors. The 
introduction of the hand-assisted laparoscopic donor nephrectomy (HALDN) 
technique has decreased donor morbidity substantially compared with the open 
technique.1,2 Additionally, HALDN results in a shorter operating time, less blood 
loss, fewer conversions to open nephrectomy, and a shorter warm ischemia time 
than total laparoscopic donor nephrectomy while maintaining low morbidity and 
a short hospital stay.1,2

Postoperative surgical site infections (SSI) are a common complication after 
donor nephrectomy. Such an infection increases the duration of hospital stay, 
the postoperative recovery period, the risk of wound dehiscence, and costs.3 
Furthermore, as the donors undergo an operation without personal benefit, it is 
even more important to minimize the risks of complications after kidney donation. 
With the serious medical and psychological implications of post-operative 
infection in healthy kidney donors, it is imperative that measures, including the use 
of prophylactic antibiotics, be taken to prevent infection.

To reduce the likelihood of SSI after HALDN, our center now applies gentamicin-
containing collagen sponges (GCCS) routinely when closing the incision. However, 
the effect of GCCS on SSI has not been elucidated clearly, and the reported results 
from various studies are inconsistent.4–8 In this study we retrospectively assessed 
the effect of GCCS on the incidence of SSI after HALDN.

METHODS

In November 2007 we started routine insertion of a GCCS during HALDN. We 
compared 100 consecutive donors with a GCCS placed routinely (November 2007 
to July 2010) with the 100 consecutive donors before this period (December 2004 
to November 2007) when no GCCS was used. All procedures were done at the 
Academic Medical Center, Amsterdam.

Preoperatively, the surgical field was treated with iodine directly after the pubic 
hair was removed on the table by electric hair clippers. No systemic antibiotic 
prophylaxis was given. The surgical team members washed their hands with 
chlorhexidine soap and an alcohol hand solution was applied. The HALDN was 
carried out transperitoneally. One surgeon (MMI) performed all procedures. 
Before the start of the study period, the surgeon had a personal experience of 
at least 70 HALDNs. The handport (Omniport®, Advanced Surgical Concepts, 
Wicklow, Ireland) was placed in a 7 to 8 cm long Pfannenstiel incision, the length 
of which was standardized to the width of the surgeon’s left hand (glove size 7). 
The non-dominant hand of the surgeon was introduced through the handport 
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in all operations. Two trocars were placed, one of 10 mm for the videoscope, and 
one of 12 mm for the ultrasonic dissection device (UltraCision® Harmonic Scalpel, 
Ethicon Endosurgery, Inc) in the surgeon’s dominant hand. A maximum insufflation 
pressure of 12 mmHg was used. The kidney was extracted through the handport. 
During closure of the incision in the more recent 100 cases, one GCCS (Garacol®, 
EUSA Pharma Ltd, Oxford, UK) was placed. This sponge is made of pepsin-treated 
collagen, measures 10 · 10 · 0.5 cm, and contains 130 mg of gentamicin. The sponges 
were divided in three pieces. The first piece was placed pre-peritoneally behind the 
rectus abdominis muscles, the second between the rectus abdominis muscles and 
the anterior rectus sheath, and the third was placed subcutaneously. No drains 
were placed. The subcutis was closed such as to obliterate dead space. The skin was 
closed intracutaneously and a dry dressing was applied. The operation technique 
and environment were identical throughout the study, as was the anesthesiology 
protocol (volume administration and body temperature regulation methods). No 
patients in either group needed a peri-operative red blood cell transfusion and no 
conversions to an open procedure were required.

A superficial incisional SSI was defined as an infection that required an intervention 
such as opening of the incision or antibiotic treatment within 90 after surgery. A 
deep incisional infection was defined as an infection of abdominal wall muscle or 
fascia. Furthermore, we assessed the length of the postoperative hospital stay and 
the serum creatinine concentration three months after surgery. No donors were 
lost to follow-up and the mean follow-up was 2.7 years.

The χ2 test was used to compare data between groups. Comparison of continuous 
variables was performed with the Mann-Whitney U test. A P value of less than 0.05 
was considered statistically significant. Statistical analyses were performed using 
SPSS 16 for Windows (SPSS, Chicago, IL, USA).

Table 1 Baseline characteristics of donors

No GCCS 
(n = 100)

GCCS 
(n = 100)

P value

Female sex 59 56 0.62

Mean age in years (± SD) 48 ± 13 50 ± 12 0.42

Mean BMI in kg/m2 (± SD) 26 ± 3.4 25 ± 3.1 0.17

Smoking 15 24 0.57

Hypertension 23 31 0.51

Mean duration of surgery 
   in minutes (± SD)

182 ± 40 163 ± 36 0.68

GCCS = gentamicin-containing collagen sponge, SD = standard deviation, BMI = body mass index
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RESULTS

The study groups were similar with regard to baseline characteristics (Table 1). 
Implantation of a GCCS resulted in a statistically significant reduction of the SSI 
rate, from 6% to 0% (P = 0.01; Table 2). All infections occurred in the Pfannenstiel 
incision, and all were opened (partially). In the cultures we found Staphylococcus 
aureus in two patients, Pseudomonas aeruginosa in one patient, Streptococcus 
milleri in one patient, and no micro-organisms in the remaining two patients.

No deep incisional SSI occurred. Two persons with SSI developed an incisional 
hernia. In addition, we found nine other complications of which five were in the 
non-GCCS group (5%) and four in the GCCS group (4%; odds ratio (OR) 0.80; 95% 
confidence interval (CI) 0.21 to 3.07). These complications were four cases of 
pneumonia, one ileus, one iatrogenic gallbladder perforation with leakage, one 
leakage of chyle, one ventral hematoma, and one case of atrial fibrillation. There 
was no significant difference in the duration of surgery between the two groups 
(P = 0.68), and the postoperative hospital stay was similar (P = 0.36). The mean 
postoperative serum creatinine concentrations after three months were 1.18 mg/
dL (standard deviation (SD) ± 0.22) in the group without GCCS and 1.19 mg/dL (SD 
± 0.24) in the group with GCCS (P = 0.68).

Table 2 Postoperative outcomes

No GCCS 
(n = 100)

GCCS 
(n = 100)

P value

Surgical site infections 6 0 0.01

Other complications 5 4 0.75

Overall complications 11 4 0.07

Median hospital stay in days (IQR) 4 (4 - 5) 4 (3 - 5) 0.36

Mean creatinine levels after three    
   months in mg/dL (± SD)

1.18 ± 0.22 1.19 ± 0.24 0.68

GCCS = gentamicin-containing collagen sponge, IQR = interquartile range, SD = standard deviation

DISCUSSION

Application of a GCCS during HALDN results in significantly fewer postoperative SSI. 
Since the introduction of GCCS during HALDN in our center, not one SSI occurred 
in 100 consecutive HALDN procedures. The 6% SSI rate in the group without a 
GCCS is similar to that in other studies, where incidence rates between 2.6% and 
7.5% have been described.9,10 In a study by Zomorrodi et al. an SSI rate of 2% to 
4% was reported after donor nephrectomy with systemic antibiotic prophylaxis.11 
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The use of systemic antibiotic prophylaxis in (donor) nephrectomy is a subject 
of discussion. Nephrectomies are clean-contaminated procedures, because they 
cross a presumably uninfected genito-urinary tract. However, some authors 
advocate routine systemic antibiotic prophylaxis.12 We did not use preoperative 
systemic prophylactic antibiotics because earlier studies demonstrated that there 
was no beneficial effect on SSI, especially in clean laparoscopic surgery in low-risk 
(American Society of Anesthesiologists class I) patients. 

Previous studies in patients undergoing abdominal surgery for rectal cancer 
found a reduction of SSI with application of a GCCS.4,5 In addition, one study 
found a significant reduction of overall postoperative complications when a GCCS 
was used.5 A study by Schimmer et al. found that GCCS significantly reduced the 
incidence of SSI in cardiac surgery patients.6 However, two studies from Bennett-
Guerrero et al. found no effect of GCCS in patients undergoing cardiac surgery 
and a significant increase in SSI with the use of GCCS in colorectal surgery.7,8 Those 
authors hypothesized that this effect may be the result of selection of more resistant 
bacteria, a loss of effectiveness secondary to rapid elution of the gentamicin, or a 
mechanical barrier effect of collagen, delaying effective closure of the incision.

In this study, no evidence of nephrotoxicity was found as there was no significant 
difference in creatinine concentrations between the GCCS group and the non-
GCCS group. Swieringa et al. demonstrated that application of one GCCS with 130 
mg gentamicin does not result in a toxic serum gentamicin concentration.15 The 
advantage of GCCS is a locally high concentration of antibiotics in the surgical area, 
avoiding a high systemic concentration that can be associated with nephrotoxicity. 
In the pharmacokinetic study of Jørgensen et al. the local gentamicin concentration 
of one GCCS containing 130 mg of gentamicin exceeded the minimum inhibitory 
concentration (MIC) for most bacteria normally considered resistant to gentamicin.16 
These high MIC values were sustained for two to three days. These findings diminish 
the predictive value of the regular in-vitro testing and contradict the hypothesis of 
rapid elution of gentamicin.

The use of a handport in the abdominal wall causes tension on the skin around 
the surgical site and might result in poor microperfusion of the skin around 
the incision during the procedure. Consequently, this area is possibly more 
susceptible to infection by ordinary microorganisms such as S. aureus. Cavanaugh 
et al. demonstrated in an experimental study that GCCS was more effective than 
systemic antibiotic treatment in decreasing the local number of colony-forming 
units of Staphylococcus Aureus.17 These findings, combined with the hypothetical 
negative effect of the handport on the local incision conditions in an otherwise-
sterile operation, were the basis of starting the use of GCCS in our hospital. However, 
previous studies failed to demonstrate a higher risk of SSI after HALDN compared 
with standard laparoscopic donor nephrectomy without the use of a handport.
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A limitation of our study is that no randomization was performed, since the analyses 
were done in two consecutive groups. This could have induced bias secondary to a 
cohort effect. There is a possibility that the sequential design of the study has been 
a confounder. However, we assumed that this was unlikely, because the operating 
surgeon had a personal experience of 70 procedures before starting the study and 
therefore had completed the learning curve.

In conclusion, we found a clear benefit of the use of one 130 mg GCCS in HALDN. 
It reduced the risk of postoperative SSI and therefore lowered postoperative 
morbidity. Routine application of a GCCS in HALDN is a safe procedure that does 
not compromise kidney function.
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CHAPTER 5 

Fast track hand-assisted laparoscopic donor 
nephrectomy: a randomized clinical trial

V.P. Alberts, R.C. Minnee, F.J. Bemelman, K.A.M.I. van der Pant, M.W. Hollmann and 
M.M. Idu

ABSTRACT
Laparoscopic surgery has improved donor convalescence after kidney donation. In 
other surgical fields fast track perioperative care has further improved postoperative 
convalescence. Our aim was to compare fast track with standard care after hand-
assisted laparoscopic donor nephrectomy (HALDN) and to investigate if fast track 
care is advantageous in terms of quality of life and hospital stay. 

In a single-center randomized clinical trial 52 kidney donors were randomized to 
fast track (n = 26) or standard perioperative care (n = 26). Primary outcome was 
postoperative recovery of physical performance one month after surgery measured 
by the Short Form-36 (SF-36) questionnaire. Secondary outcomes were recovery of 
physical performance three months after surgery, minor and major complications 
and postoperative hospital stay.

Baseline characteristics were comparable between both groups. The SF-36 recovery 
of physical performance score after one month was 73 (standard deviation (SD) ± 
2.6) in the standard care group and 75 (SD ± 3.0) in the fast track group (P = 0.60). 
No major and two minor complications occurred. Median hospital stay was 4 days 
(interquartile range (IQR) 3 to 4) for the standard care group, versus 3 days (IQR 3 to 
4) for the fast track group (P = 0.63). Fast track donors had significantly less pain on 
the first postoperative day (P < 0.01).

This study did not show a significant benefit of fast track perioperative care on 
quality of life after HALDN when compared with standard care. 
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INTRODUCTION

Laparoscopic surgery improved postoperative recovery, decreased morbidity 
and postoperative pain and shortened hospital stay when compared with open 
nephrectomy, without compromising graft function.1 The introduction of hand-
assisted laparoscopic donor nephrectomy (HALDN) further reduced postoperative 
morbidity and the duration of surgery.2,3 In many centers HALDN is the preferred 
method for donor nephrectomy. 

Fast track perioperative care aims to improve and expedite postoperative recovery 
by optimizing several aspects around surgery such as dietary intake, effective 
pain management and mobilization, resulting in a faster recovery and shorter 
hospital stay. Several systematic reviews in gastrointestinal surgery show that the 
introduction of fast track perioperative care contributes to faster postoperative 
convalescence.4-8 They report a reduction of hospital stay, varying between two 
to seven days.6,7 The mortality and risk of postoperative complications is similar 
to standard care.5,6,8 The population of kidney donors, however, is not comparable 
to gastrointestinal surgery patients. Therefore, it is not possible to extrapolate the 
benefits of fast track care in gastrointestinal patients to kidney donors.

Our aim was to compare fast track perioperative care with standard care in 
HALDN in a randomized clinical trial. We hypothesize that fast track care results in a 
quicker convalescence and is advantageous in terms of quality of life and hospital 
stay. 

METHODS

From November 2009 onwards all adult donors were eligible for inclusion in this 
mono-center randomized clinical trial at the Academic Medical Center, Amsterdam. 
Exclusion criteria were expected problems with the placement of a thoracic epidural 
catheter, the inability to give informed consent, use of psychopharmacological 
medication, chronic use of analgesics, and use of non-steroid anti-inflammatory 
drugs (NSAIDs) within five days before surgery. Preoperative donor evaluation 
included blood and urine examination, CT-angiography and renal scintigraphy. 
Donors were admitted to the surgical ward one day prior to the day of surgery 
and were discharged when they complied with the following discharge criteria: 
1. adequate pain control with oral analgesics, 2. absence of nausea, 3. toleration 
of solid food, 4. passage of flatus or stools, 5. full mobilization and 6. acceptance 
of discharge by the donor. If donors preferred to stay in the hospital after meeting 
the discharge criteria, e.g. to be near the kidney recipient, the date of discharge 
is defined as the date the donor met the discharge criteria. All patient charts, 
surgical reports and nursing documentation including mobilization schemes were 
reviewed retrospectively. 
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The study was conducted in accordance with the principles of the declaration of 
Helsinki and according to the CONSORT statement.9 The independent medical 
ethics review board approved the study protocol. The study was registered under 
NTR2080 (www.trialregister.nl). 

Surgical technique
HALDN was carried out transperitoneally under general anesthesia.10 After open 
dissection of the distal ureter and gonadal vein through a 7 cm Pfannenstiel incision, 
the non-dominant operator’s hand was introduced through a handport (Omniport®, 
Advanced Surgical Concepts, Ireland) and two 10-12 mm trocars were placed. An 
insufflation pressure of 12 mmHg was used. After full mobilization of the right or 
left hemicolon and the kidney, the hilar structures were dissected. Transection of 
the artery and vein was carried out with an endoscopic stapler (Endopath ETS 
Compact Linear Cutter®, Johnson & Johnson, Belgium). The kidney was extracted 
through the Pfannenstiel incision and flushed and preserved with cold University 
of Wisconsin solution (UW). Peroperatively mannitol, furosemide and heparin were 
administered. All donors received a transurethral bladder catheter after induction 
of the general anesthesia. One surgeon performed all operations (MMI), with a 
personal experience of more than 50 left-sided and 50 right-sided HALDN prior to 
this trial. The surgical technique was similar for fast track and standard care donors. 
Thoracic epidural catheters were placed by staff anesthesiologists with profound 
experience of at least 100 placements prior to the study. 

Fast track protocol
Fast track donors were offered caloric preloading with four portions of 200 ml 
carbohydrate-loaded (CHL) drinks (preOp®, Nutricia, Dublin, Ireland) on the eve of 
donor nephrectomy and two portions two hours before surgery. Fast track donors 
were not allowed to take preoperative sedatives.  In the operation room a thoracic 
epidural catheter was inserted with 8-10 ml bupivacaine 0.25% and either 20 μg 
sufentanil or 150 μg fentanyl. The surgical procedure was performed as described 
above. Postoperatively, a continuous infusion of bupivacaine 0.125% and fentanyl 
2.5-5.0 μg/ml 6-12 ml/hour was administered combined with 1000 mg paracetamol 
four times a day. At postoperative day (POD) 2 the epidural catheter was removed 
and 50 mg tramadol was given three times a day in combination with paracetamol 
until no longer needed. When placement of the epidural catheter failed patient 
controlled analgesia (PCA) using morphine was given combined with low dose of 
ketamine until POD 2. The urine catheter was removed at POD 1. A minimum of 
two hours chair mobilization is required on POD 0 and a minimum of six hours on 
the following days. Full oral intake had to be 800-1000 ml on POD 0 including two 
portions of CHL drinks, two liters of oral intake on POD 1 including three portions of 
CHL drinks and a normal diet on POD 2 including two grams of magnesiumoxide. 
Donors were discharged on POD 3 if they met the discharge criteria. 
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Standard care protocol
Standard care donors did not receive CHL drinks. Preoperative sedatives were 
given before donor nephrectomy. HALDN was performed as described above. 
Postoperative analgesia was given by PCA using morphine which was continued 
until POD 2 or until the anesthesiologist deemed unnecessary. When PCA was 
stopped 50 mg tramadol was given three times a day in combination with 
paracetamol until  no longer needed. The urine catheter was removed at POD 1. 
On POD 0 the donors received a clear liquid diet and mobilized at will. From POD 
1 onwards donors received a preferred diet and mobilized at will. Donors were 
discharged on POD 3 if they met the discharge criteria. 

Primary and secondary outcomes
Primary outcome was postoperative physical functioning one month after surgery 
measured by the Short Form-36 (SF-36) questionnaire.11,12 The SF-36 comprises 36 
items which constitute eight dimension scores.13 The dimension scores are physical 
functioning, role physical (role limitations due to physical health problems), bodily 
pain, general health perception, vitality, social functioning, role emotional (role 
limitations due to emotional problems), and mental health. These eight scores 
range from 0 to 100. A higher score indicates better health. A difference of 5 points 
in a particular dimension is considered a minimal clinically and socially relevant 
change, a 10-point difference is considered moderate clinically and socially 
relevant, whereas a 20-point difference is considered as significantly clinically and 
socially relevant.14 Physical functioning score was the primary outcome because 
earlier quality of life studies in laparoscopic donor nephrectomy demonstrated this 
dimension to have the largest postoperative effect.15-18

The Multidimensional Fatigue Inventory-20 (MFI-20) was used to evaluate fatigue 
and is a 20-item scale that measures fatigue in five dimensions.19 The Gastro-
Intestinal Quality of Life Index (GIQLI) consists of 36 items to assess quality of life of 
patients with gastro-intestinal disorders.20 The EuroQol EQ-5D questionnaire was 
used to assess a generic measure of health status.21 All questionnaires were scored 
preoperatively and postoperatively after one and three months. Furthermore, a 0 
to 10 visual analogue scale (VAS) measure of pain in rest and exertion was analyzed 
on POD 1 to 3. Donors were also questioned on the amount of recovered activity 
at home and at work after one and three months. 

Secondary outcomes were recovery of physical performance three months 
after surgery measured by SF-36, minor complications, major complications and 
postoperative hospital stay. Major complications were defined as any postoperative 
complications requiring re-intervention, admission to the intensive care unit or 
death. Minor complications were defined as all other complications that required a 
change in management. Hospital stay was counted in days from the day of surgery 
to the day of discharge including additional hospitalization in case of readmission 
within 30 days of surgery. 
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Figure 1 Study flowchart

Randomization
Randomization was done by means of an Internet block randomization module 
after informed consent was obtained at the outpatient department. Regardless of 
randomization, all donors were admitted to the same surgical ward. The nursing 
and medical staff working on this ward had been extensively trained to execute 
both treatment protocols according to good clinical practice. Blinding was not 
performed. 
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Statistical analysis and sample size calculation
The primary endpoint was physical functioning measured by the SF-36 
questionnaire one month after surgery.  A generally used 20-point difference was 
considered clinically significant.22-24 Considering a standard deviation (SD) of 25 it 
was calculated that with a power of 80% and a two-sided alpha of 0.05, 26 donors 
per group were needed. To anticipate for a 20% loss to follow-up, we aimed to 
include 32 donors per group. With hospital stay as secondary outcome 21 donors 
per group were needed to detect a one-day reduction of hospital stay. Treatment 
groups were compared with the χ² test for dichotomous outcomes and the Mann-
Whitney U test for continuous variables. A two-sided P value less than 0.05 was 
considered statistically significant. Statistical analyses were performed using SPSS 
for Windows version 16 (SPSS Inc. Chicago, IL).

Table 1 Baseline characteristics of donors and surgical aspects

   Standard care 
  (n = 26)

  Fast track 
  (n = 26)

  Mean age in years (± SD)   54 (± 11)    55 (± 10)

  Female sex   17 (65%)    15 (58%)

  Mean body mass index in kg/m2 (± SD) 26 (± 3)  26 (± 3)

  Smoking     3 (12%)      5 (19%)

  Family related donation   10 (39%)    16 (62%)

  Left-sided nephrectomy   20 (77%)    16 (62%)

  Median operating time in minutes (IQR)        146 (134-168)        143 (128-152)

  Median blood loss in ml (IQR)     30 (20-50)      30 (28-50)

SD = standard deviation, IQR = interquartile range

RESULTS

From November 2009 to October 2012, 124 adult donors at the Academic Medical 
Center Amsterdam were eligible for inclusion in the study (Figure 1). Sixty-seven 
donors were excluded of which 46 who refused informed consent, mainly due 
to reluctance towards epidural anesthesia. Fifty-seven donors were randomized 
to either standard or fast track perioperative care. Two donors withdrew from the 
study during follow-up; one moved abroad and one withdrew due to the death 
of the recipient. In three cases postoperative questionnaires were missing. These 
donors were considered lost to follow-up and were not included in the analysis. 
Eventually 52 donors were included in the analysis. Baseline characteristics did not 
differ significantly between both groups (Table 1). Follow-up was at least three 
months. The trial ended when sufficient donors had completed the questionnaires 
after one month. There was no conversion to open nephrectomy in both groups. 
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The following elements of the post-operative treatment protocol were scored if 
successfully applied: intake of CHL drinks before and after surgery, omission of 
preoperative sedatives, thoracic epidural analgesia, postoperative mobilization, 
day of removal of urinary catheter and first day of normal diet (Table 2). One fast-
track donor postoperatively received PCA after failed placement of a thoracic 
epidural catheter.  

Table 2 Protocol compliance

Standard care
(n = 26)

Fast track
(n = 26)

P value

CHL intake

     800 ml on day before surgery 0 21 (81%)

     400 ml 2 hours before surgery 0 25 (96%)

     600 ml on POD 1 0 22 (85%)

Omission of preoperative sedatives   5 (19%) 22 (85%) 0.045

Thoracic epidural analgesia 0 25 (96%)

Patient controlled analgesia 24 (92%) 1 (4%) <0.001

Postoperative mobilization

     At least 2 hours on POD 0   4 (15%) 14 (54%) 0.003

     At least 6 hours on POD 1   8 (31%) 21 (81%) <0.001

     At least 6 hours on POD 2 15 (58%) 23 (89%) <0.001

     At least 6 hours on POD 3 19 (73%) 24 (92%) 0.23

Urinary catheter removed on POD 1 15 (58%) 17 (65%) 0.54

Normal diet on POD 2 19 (73%)   26 (100%) 0.06

CHL = carbohydrate loaded drink, POD = postoperative day

Quality of life
SF-36 
Between groups analyses at different time points of the SF-36 survey are given in 
Figure 2, including mean dimension scores in a healthy Dutch population. Physical 
functioning one month after surgery was 73% (SD ± 2.6) in the standard care 
group versus 75% (SD ± 3.0) in the fast track group (P = 0.60). After three months 
the scores were 89% (SD ± 2.8) versus 93% (SD ± 1.6) respectively (P = 0.16). 
Compared with the standard care group, fast track donors had higher scores in all 
dimensions except for general health perception one month after surgery. Three 
months after donation, fast track donors scored higher in all eight dimensions but 
these differences were not statistically significant in either dimension. However, a 
20-point difference was seen in the role physical dimension after three months, 
indicating clinical relevance (P = 0.12).  
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Figure 2 Results as measured by the SF-36 questionnaire (mean ± 2x standard error of the mean) before 
surgery (n = 52), after 1 month (n = 52) and after 3 months (n = 46). The broken lines represent the mean 
dimension scores in a healthy Dutch population.
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Three months after surgery, the dimensions physical functioning, general health 
perception, role emotional and mental health had returned to preoperative values. 
The dimensions role physical, bodily pain, vitality and social functioning were still 
below preoperative values three months after surgery. 

MFI-20
Between groups analyses at different time points of the MFI-20 survey could not 
detect any significant differences (Figure 3). Three months after donation, the 
fatigue scores did not yet return to preoperative values. 

Figure 3 Results as measured by the MFI-20 questionnaire (mean ± 2x standard error of the mean) before 

surgery (n = 52), after 1 month (n = 52) and after 3 months (n = 46).

GIQLI
Results of between group analyses at different time points of the GIQLI questionnaire 
are presented in Figure 4. Donors in the fast track group scored significantly lower 
in the social wellbeing dimension after surgery (P = 0.04). For all other dimensions, 
there were no significant differences. 

EuroQol
Between groups analyses at different time points for the EuroQol questionnaire 
are presented in Figure 5. Only the usual activities (social) and pain & discomfort 
dimensions seem to be affected by the surgery. No significant differences were 
detected between the two groups. 
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Figure 4 Results as measured by the GIQLI questionnaire (mean) before surgery (n = 52), after 1 month (n 
= 52) and after 3 months (n = 46). Asterisks indicate a significant difference between both study groups. 

Figure 5 Scores as measured by the EuroQol questionnaire before surgery (n = 52), after 1 month (n = 52) 

and after 3 months (n = 45).
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Figure 6 Postoperative pain in rest (left) and dynamic pain (right) as measured by the visual analogue 
score (VAS) for pain (mean ± 2x standard error of the mean) on postoperative day (POD) 1 (n = 52), POD 2 
(n = 52) and POD 3 (n = 49). Asterisks indicate a significant difference between both study groups. 

Pain VAS scores
The between group analyses at the first 3 postoperative days are shown in Figure 6. 
Postoperative pain scores were significantly lower in the fast track group on POD 1 
in rest and dynamic pain (respectively, P = 0.005 and P = 0.001). However, on POD 
3 fast track donors had significantly more pain in rest (P = 0.03).

Secondary  outcomes
Postoperative outcomes for donors and recipients are presented in Table 3. Donors 
in the fast track group had a median hospital stay of 3 days, compared with 4 days 
in the standard care group. However, this was not statistically significant (P = 0.63). 
Hospital stay ranged from 2 to 8 days in the standard care group and from 2 to 
7 days in the fast track group. Longer hospital stay was mostly due to pain. Two 
donors in the standard care group postponed discharge due to complications of 
the acceptor while they already met the discharge criteria. This was the case for four 
donors in the fast track group. One donor in the standard care group developed an 
ileus that was conservatively treated with a nasogastric tube for 2 days. One donor 
in the fast track group developed severe postoperative migraine, prolonging the 
hospital stay to 7 days.

DISCUSSION

This study did not show a significant difference in quality of life between fast track 
postoperative care and standard care after HALDN. Although fast track donors had 
a trend towards better scores in several quality of life questionnaires and a shorter 
postoperative hospital stay, the results were not statistically significant.
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Table 3 Donor postoperative outcomes

Standard care 
(n = 26)

Fast track 
(n = 26) 

P value

Postoperative complications 1 (4%) 1 (4%)

Median hospital stay in days (IQR) 4 (3-4) 3 (3-4) 0.63

Able to work after 1 month   5 (19%)   4 (15%) 0.82

Able to work after 3 months 14 (54%) 18 (69%) 0.11

Perception of recovery score (0 to 100) 

    After 1 month (mean ± SD) 64 (± 19)  71 (± 21) 0.11

    After 3 months (mean ± SD) 84 (± 18)  89 (± 14) 0.28

IQR = interquartile range, SD = standard deviation

Quality of life after fast track laparoscopic donor nephrectomy has not been 
described earlier in the literature. Studies in other patients after fast track surgery 
have not found a clear benefit of fast track care on quality of life.4-7,25 A systematic 
review on cardiac surgical patients found similar quality of life one month and one 
year after surgery for fast track and standard care patients.4 A systematic review 
in liver surgery patients found similar functional recovery for both fast track and 
standard care patients.7 Several colorectal fast track studies also failed to show an 
improvement of quality of life after fast track surgery.5,25 

Length of hospital stay for both treatment groups was in accordance with 
postoperative hospital stay in standard care donors in the literature.26 We found 
no studies on hospital stay in fast track laparoscopic donor nephrectomy. Recart 
et al. performed a randomized controlled trial between fast track and standard 
laparoscopic non-donor nephrectomy and found a statistically significant reduction 
in hospital stay with fast track care from 2.5 days to 1.7 days.27 Furthermore, they 
report better analgesia in fast track patients with the additional use of local anesthesia 
at port sites and in the renal fossa. However, patients that undergo nephrectomy 
for non-donor causes such as renal cancer are not comparable to kidney donors 
who are relatively healthy and thoroughly screened before donation. The good 
physical status of kidney donors might be the reason why the fast track program 
did not show improved convalescence or shorter hospital stay after HALDN in this 
study. A study by Kuo et al. described laparoscopic donor nephrectomy with a 
23-hour hospital stay protocol.28 In this protocol donors were mobilized on the 
day of surgery and were discharged the following day. This way 36 of 41 donors 
were discharged within 23 hours after nephrectomy. One donor was readmitted. 
Pain assessment and management was not described. In our study donors in both 
study groups had a longer hospital stay compared with the studies by Recart and 
Kuo.27,28 We hypothesize that this difference in hospital stay is due to differences in 
pain management.
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The use of epidural anesthesia significantly reduced pain on the first postoperative 
day. When the epidural anesthesia was stopped fast track donors reported 
significantly more pain than standard care donors. It is hypothesized that this 
increased experience of pain was due to an increased perception of pain after 
cessation of the epidural catheter. The complication rate was comparable between 
both groups.  

Limitations of this study were the lack of blinding. The differences in protocol 
elements could not be blinded, since donors were admitted to the same surgical 
ward after donation. This might have introduced interference in postoperative care 
whereas the same medical and nursing staff treated both donor groups. The small 
sample size could be the reason for non-significant results. However, the number 
of included donors was the minimum according to the sample size calculations. 
A larger study might show clinically important differences regarding some of the 
outcomes we have studied. Fast track donors had a trend towards better scores on 
almost all questionnaires and median hospital stay was one day shorter. This could 
indicate a trend towards better recovery for fast track donors.

In conclusion, a multimodal fast track recovery program did not show a 
significantly enhanced recovery after HALDN when compared with standard 
perioperative care. 
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CHAPTER 6

Wound morbidity after renal transplantation

M.M. Fockens, V.P. Alberts, F.J. Bemelman, K.A.M.I. van der Pant and M.M. Idu

ABSTRACT
Wound morbidity is an important surgical complication after renal transplantation. 
In this study we assess risk factors for postoperative wound complications and its 
impact on the outcome of renal transplantation.

Retrospectively, 108 consecutive renal transplantation patients between January 
2010 and December 2010 were included in the analysis . Wound morbidity was 
defined as a surgical site infection (SSI) or symptomatic lymphocele requiring 
intervention. Patient, donor and surgical characteristics were reviewed. 

Eight lymphoceles and five SSI occurred in twelve patients. Risk factors for wound 
complications were recipient age (P < 0.01), body mass index (P = 0.01), urinary 
tract infection (P = 0.01) and prolonged postoperative wound drainage (P = 0.047). 
Wound morbidity did not increase the incidence of delayed graft function, acute 
rejection, graft failure or mortality.

Obesity, recipient age, urinary tract infection and prolonged wound drainage are 
risk factors for wound-related complications. Graft and patient survival rates are 
comparable between patients with and without wound-related complications.

Accepted by Progress in Transplantation
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INTRODUCTION

Wound-related complications such as surgical site infection (SSI) and lymphocele 
contribute significantly to morbidity after renal transplantation.1 Recipients of 
renal transplantations have increased risk of surgical complications due to their 
pre-existing comorbidity and use of immunosuppressive therapy.2,3 The incidence 
of SSI after renal transplantation is reported between 5 and 27%.4,5 The incidence 
of lymphoceles is reported between 0.6 and 51% depending on the definition and 
diagnostic criteria used.6-10 Lymphoceles are lymphatic collections surrounding the 
transplanted kidney and originate from dissection of lymphatic vessels surrounding 
the iliac vessels or from disrupted lymphatics of the renal graft. Lymphoceles are 
mostly asymptomatic but may become symptomatic and cause abdominal and 
leg swelling, pain near the transplanted kidney, or renal failure due to venous or 
ureter obstruction. Wound complications may cause prolonged hospitalization, 
cosmetic issues and sometimes require intervention, all increasing the overall cost 
of transplantation.11 

The aim of our study was to investigate risk factors for wound complications 
after renal transplantation and the effect of wound morbidity on outcome of renal 
transplantation in terms of graft function and patient survival.

METHODS

All consecutive adult patients who underwent a kidney-only transplantation at the 
Academic Medical Center Amsterdam between January 2010 and December 2010 
were retrospectively analyzed. Medical records, surgical reports, nursing charts and 
imaging studies were reviewed. 

All transplantations were performed under general anesthesia by either a surgeon 
or a resident with a supervising surgeon. Recipients were given a prophylactic 
single dose of second-generation broad-spectrum cephalosporin antibiotic 
(Cefamandole 1 gram by intravenous injection) 30 minutes before skin incision. A 
standard extraperitoneal approach through a Gibson incision was used in all renal 
transplantations. The standard method to create urinary continuity was a stented 
extravesical ureterocystostomy according to Lich-Gregoir.12 The ureteral stent was 
removed on the fifth postoperative day. Placement of a 10 French high-vacuum 
Redon drain in the retroperitoneal space around the renal transplant wound was 
our standard protocol. This drain was left in place until fluid production dropped 
below 30 mL per day. Postoperatively, all patients had an indwelling bladder 
catheter and kidney function was monitored by urinary output, serum creatinine 
levels and radiographic studies. Routine ultrasound of the transplanted kidney is 
performed in the first postoperative week. Standard immunosuppressive regime 
following kidney transplantation at our institute consists of induction therapy with 
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basiliximab, complemented with triple therapy consisting of a calcineurin inhibitor 
(tacrolimus or ciclosporine), mycophenolate mofetil and prednisolone. 

Wound complications were defined as the presence of an SSI or lymphocele 
requiring surgical or percutaneous intervention. Only symptomatic lymphoceles 
were assessed, since asymptomatic lymphoceles require no treatment and often 
go unnoticed. Urological complications were defined as any complication in the 
urinary tract requiring surgical revision or a percutaneous nephrostomy catheter. 
Urinary tract infection was not recorded as an urological complication, but was 
identified separately. Delayed graft function was defined as need for dialysis 
within seven days after transplantation. An acute rejection episode was defined 
as a biopsy-proven cellular or humoral acute rejection. Graft failure was defined 
as reinstitution of dialysis therapy or removal of the transplant. After one year, 
patient care was returned to the referral hospital. Patient follow-up was the first 
postoperative year. 

Univariate analyses were performed using the χ² test for categorical variables 
and the Mann–Whitney U test for continuous variables. A P value of 0.05 or less was 
considered statistically significant. All statistical analyses were performed using 
SPSS version 19 (SPSS Inc., Chicago, Illinois, USA).

RESULTS

A total of 108 patients were included in the analyses. Wound complications 
occurred in twelve patients (11%), comprising five SSI’s (5%) and eight lymphoceles 
(7%). In one patient both an SSI and a lymphocele were diagnosed. Demographic 
and clinical characteristics are presented in Table 1. All SSI’s were treated by 
opening of the wound. One of these patients later developed a symptomatic 
lymphocele. Culture samples from the surgical wound showed Escheria coli in one 
patient and Citrobacter freundii and Enterobacter cloacae in another patient. In 
the remaining three cases the culture samples were negative. SSI’s were diagnosed 
7 to 28 days after transplantation (mean 15 days). The symptomatic lymphoceles 
were diagnosed between 9 and 99 days after transplantation  (mean 41 days), and 
all were treated with percutaneous drainage. Symptoms at presentation of the 
lymphocele were abdominal swelling (n = 3), pain near the transplanted kidney (n 
= 1) and obstruction of the ureter (n = 4). 

Recipient age and high body mass index (BMI) were significant risk factors for 
wound complications. Diabetic recipients had a higher risk of wound complications, 
however non-significant (P = 0.07). Donor age had a significant effect on wound 
morbidity (P < 0.01). Table 2 presents postoperative outcomes. Recipients with 
wound complications had a significantly longer period of wound drainage than 
those without. Additionally, recipients with wound complications had an increased 
risk of a urinary tract infection and a significant higher serum creatinine. Mean
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Table 1 Recipient, donor and surgical characteristics

Wound 
complications

(n = 12)

No wound 
complications

(n = 96)

P value

Recipient characteristics

Male gender 9 (75%) 63 (65%) 0.75

Mean recipient age in years 62 52 <0.01

Mean BMI in kg/m2 29 26 0.01

    BMI above 30 kg/m2 6 (50%) 11 (12%) <0.01

Diabetes mellitus 5 (42%) 15 (16%) 0.07

Preoperative anti-coagulation 5 (42%) 26 (27%) 0.48

Active smoking 2 (17%) 20 (21%) 1

Donor characteristics

Living donor 3 (25%) 42 (44%) 0.35

Mean donor age in years 63 51 <0.01

Donor age above 60 years 8 (67%) 22 (23%) <0.01

Mean cold ischemia time in minutes

    Living donor transplant 138 150 0.52

    Deceased donor transplant 852 1028 0.14

Surgical characteristics

Mean operation time in minutes 152 157 0.47

Postoperative anticoagulant 4 (33%) 13 (14%) 0.18

BMI = body mass index

hospital stay was almost doubled in patients with wound complications (P < 0.01). 
Urological complications were diagnosed in thirteen patients (12%) and consisted 
of distal ureter stenosis or stricture in five patients (5%), urine leakage in four 
patients (4%) and bladder blood clots in four patients (4%). Wound morbidity had 
no significant effect on delayed graft function and acute rejection. There were no 
significant differences in graft or patient survival between the groups.

DISCUSSION

Obesity, recipient age, urinary tract infection and prolonged wound drainage were 
found to be risk factors for wound-related complications. Graft and patient survival 
rates are not affected by wound-related complications. The incidence of SSI in our 
study population was 5%, which is comparable to the rate reported in literature.4,5 
We report an incidence of symptomatic lymphoceles of 7%. The incidence of 
lymphoceles reported in literature varies widely, ranging from 0.6% to 51%.6-9  
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Table 2 Postoperative outcomes

Wound  
complications 

(n = 12)

No wound 
complications 

(n = 96)

P value

Re-operation 2 (17%) 9 (9%) 0.78

Wound drain in place in days (mean) 8 5 0.05

Drain more than 10 days in place 4 (33%) 3 (3%) <0.01

Mean wound drain production in mL 969 398 0.15

Urological complications 2 (17%) 11 (12%) 0.96

Urinary tract infection 6 (50%) 15 (16%) 0.01

Delayed graft function 6 (50%) 26 (28%) 0.21

Acute rejection 4 (33%) 17 (18%) 0.37

Hospital stay in days (mean) 23 12 <0.01

Mean serum creatinine level in μmol/L

    7 days postoperative 428 319 0.11

    14 days postoperative 396 238 0.01

    3 months postoperative 196 157 <0.01

    6 months postoperative 187 132 <0.01

One-year graft survival 12 (100%) 93 (97%) 1

One-year patient survival 11 (92%) 92 (96%) 1

Obese patients had an increased risk for postoperative wound morbidity. This 
has been demonstrated in multiple studies.4,8,11,13-16 Studies in abdominal surgery 
have demonstrated that especially the thickness of the subcutaneous fat is related 
to wound morbidity such as SSI.17 The increased risk due to obesity is mostly 
attributed to decreased oxygen tension in relatively avascular adipose tissue, 
immune impairment, ischemia along suture lines and increased tension on the 
wound.18 Fujii et al. demonstrated that placement of a subcutaneous drain can 
reduce the SSI in patients with a thick subcutaneous tissue.19 However, in a study 
which includes all types of abdominal operations no benefit was demonstrated 
of placing a subcutaneous drain.20 Kaya et al. demonstrated in a prospective 
randomized study that the subgroup of patients with a lower abdominal incision 
benefit from placement of a subcutaneous drain.21 Derweesh et al. demonstrated 
that intraoperative placement of a drain decreases the incidence of fluid 
collections and lymphocele treatments.22 Our patients with wound morbidity had 
a significantly longer wound drainage period compared with patients without 
wound morbidity. However, it is unclear if the risk of wound complications is 
increased by longer drain placement, or that a longer period of drainage is the 
result of wound complications. 
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Older recipients had an increased risk of wound complications. This is also reported 
in other studies.9,23 Grafts from older donors were also associated with an increased 
risk of wound complications. Our center participates in the Eurotransplant Senior 
Program (also known as the “old-for-old” program).24 In this program, the majority 
of grafts of donors above 65 years old are transplanted in recipients above 65 years 
old. Therefore, the increased risk for wound morbidity in renal transplantation with 
grafts from older donors could probably be related to this program.  

In our study we demonstrate that wound morbidity is associated with impaired 
renal function. Although no difference in graft or patient survival was found in 
our population, impaired graft and patient survival has been attributed to wound 
morbidity.4,14 Furthermore, we observed that patients with wound morbidity had 
a significantly longer hospital stay of almost twice as long as patients without 
wound complications.

In conclusion, obesity, high recipient age, urinary tract infections and prolonged 
wound drainage are risk factors for wound morbidity after renal transplantation. 
Additionally, wound morbidity was associated with impaired renal function and 
prolonged hospital stay. Graft and patient survival are comparable in patients with 
and without wound morbidity.
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CHAPTER 7 

Transplant nephrectomy: what are the surgical 
risks?

V.P. Alberts, R.C. Minnee, F.J. Bemelman, K.A.M.I. van der Pant and M.M. Idu

ABSTRACT
Whether or not to remove a failed renal graft has been the subject of much debate. 
One reason for a cautious approach to graft removal is its high morbidity and 
mortality rates. We analyzed the morbidity, mortality, and risk factors of transplant 
nephrectomy at our center. 

We included 157 cases of transplant nephrectomy in 143 patients, performed 
between January 2000 and May 2012 at the Academic Medical Center, Amsterdam. 
Patient data were collected retrospectively. 

A total of 32 surgical complications occurred after transplant nephrectomy (20%) 
and 16 patients needed surgical re-intervention (10%). Hemorrhage and infection 
are the most frequent causes of surgical complications (14%). The mortality rate 
was 3.2%. There were no significant differences in characteristics and timing of 
transplant nephrectomy between the group with surgical complications and the 
group without. A total of 59 re-transplantations were performed in 57 patients 
(38%). 

Transplant nephrectomy is associated with high morbidity and mortality rates. 
We found no significant risk factors for surgical complications following transplant 
nephrectomy and no significant association between timing of transplant 
nephrectomy and surgical complications. Steps to reduce these complications 
need further investigation.

Annals of Transplantation 2013 Apr;18:174-181 
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INTRODUCTION

Despite progress in renal graft survival during the last decades, graft failure still 
occurs.1–3 Graft failure rates are approximately 12% to 22% at 3 years, and 44% 
to 59% at 10 years after transplantation.4 Between 4.5% and 84% of failed renal 
grafts are subsequently removed.5-8 Whether or not to remove a failed renal graft 
is the subject of much debate.7,9–12 The traditional approach has been to perform 
transplant nephrectomy only when clinical symptoms arise.8,13 Grafts that have 
failed within the first year after transplantation are usually removed prophylactically, 
as they are likely to become symptomatic after reduction of immunosuppressive 
therapy. Late graft failure can also be due to non-immunological causes. If so, 
weaning of immunosuppressive therapy will often not lead to clinical symptoms 
of rejection, and the graft is only removed when it becomes symptomatic. 

It is hypothesized that transplant nephrectomy might cause sensitizing of the 
patient, which could compromise a future transplant.14 Others argue that a failed 
renal graft left in situ is a source of sepsis, chronic inflammation, and erythropoietin 
resistance, and should therefore be routinely removed.9,10,15 Ayus et al. described 
a significant 32% lower adjusted relative risk for all-cause death after transplant 
nephrectomy in a recent retrospective study of 10.951 patients.9

Transplant nephrectomy has high morbidity and mortality rates.12,16 The morbidity 
is mostly due to hemorrhage or infection, and is reported to be 4.3% to 82%.17–20 
Mortality rates range from 1.2% to 39%, and most are due to sepsis.5,21 Poor clinical 
condition, immunosuppressive therapy, and mostly non-elective circumstances for 
transplant nephrectomy attribute to these poor outcomes. Furthermore, transplant 
nephrectomy can be a technically demanding procedure, especially when there is 
dense inflamed tissue surrounding the transplant. 

We performed a single-center retrospective study to analyze outcome, especially 
morbidity and mortality, of transplant nephrectomy in our center. 

METHODS 

Between January 2000 and May 2012, 160 transplant nephrectomies were 
performed in 143 patients at the Academic Medical Center, Amsterdam. During 
the same period, 1239 kidney transplantations were performed. We excluded 3 
patients who experienced direct graft failure during implantation in whom the 
graft was removed immediately. All other 157 patients were included in this study. 
Patient data were collected retrospectively and patients were followed until death 
or May 2012, whichever occurred first. 

Our indication for transplant nephrectomy was a non-functional graft within one 
year after transplantation, a secondary non-functional graft causing symptoms, or 
to create space in the iliac fossa for a next renal transplant. All operations were done 
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by, or under supervision of, a transplant surgeon. All patients received prophylactic 
antibiotic treatment approximately 30 minutes before skin incision. Transplant 
nephrectomy was performed through the same incision as the transplantation, 
using an extracapsular or intracapsular approach, depending on the time since 
transplantation, preference of the surgeon, and the aspect of the surgical field. 
During the intracapsular approach, the graft capsule was incised and the renal 
graft was bluntly dissected. The kidney was removed from within the capsule and 
the pedicle, and renal vessels were clamped and ligated with non-absorbable 
sutures. With the extracapsular approach, the graft was removed with the renal 
capsule and subsequently the ureter and renal vessels were ligated. Stumps of the 
renal artery and vein were left in situ. Use of a vacuum drain depended on the 
preference of the surgeon, and was placed through a separate stab incision. 

All medical records were screened for postoperative complications. We defined 
surgical complications as any event after transplant nephrectomy that required 
intervention and was directly related to surgery, such as surgical re-intervention, 
radiological intervention, the placement of a drain, red blood cell transfusion, start 
of antibiotics, and opening of the surgical wound. Hypertension was defined as 
diastolic blood pressure higher than 90 mmHg, systolic blood pressure higher than 
140 mmHg, or use of antihypertensive medication indicated to treat high blood 
pressure. We assumed diabetes mellitus to be present when a random or post-
load glucose level was more than 11.0 mmol/L, or when anti-diabetic medication 
was used. Cardiovascular disease was defined as the occurrence of at least one 
of the following conditions: ischemic heart disease, cerebrovascular disease, and 
peripheral vascular disease. Pathological-anatomical findings were categorized 
as rejection, ischemia, inflammation, and other causes. Rejection included acute, 
vascular, and chronic rejection. Ischemia included renal artery and renal venous 
thrombosis and other causes of ischemia. 

Statistical analysis 
Comparisons of categorical data between the surgical complication group and the 
group without surgical complications were performed using the χ² test. Continuous 
data were compared with the Mann-Whitney U test. Univariate logistic regression 
analysis was used to identify risk factors for surgical complications. A P value less 
than 0.05 was considered statistically significant. Multivariate logistic regression 
was not performed, since we had only one variable with a P value below 0.20 in 
univariate logistic regression. We had less than 1% missing for all variables, except 
for BMI (n = 49, 31%), immunosuppressive therapy (n = 35, 22%), hypertension (n 
= 14, 9%), pathological anatomical finding (n = 13, 8%), surgical technique (n = 
12, 8%), donor type (n = 6, 4%), cardiovascular history (n = 4, 3%), and indication 
for transplant nephrectomy (n = 4, 3%). Mean values were imputed to missing 
values for BMI. For statistical analyses the SPSS software package was used (SPSS 
19, Chicago, Illinois, USA). 
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RESULTS
 
Between January 2000 and May 2012, 157 transplant nephrectomies were 
performed in 143 patients. Mean follow-up was 7.9 years (standard deviation (SD) ± 
2.9 years). Patient characteristics are presented in Table 1. There were no significant 
differences between the group with surgical complications and the group without 
surgical complications. The age at transplant nephrectomy ranged from 2 to 79 
years (mean 42 ± 17 years). In the first week after transplantation, 20% of the grafts 
were removed, 36% were removed after 1 month, 56% after 6 months, and 58% 
after 1 year. Indications for transplant nephrectomy were non-function of the graft 
within 1 year in 59 cases (38%), and secondary non-function and the development 
of symptoms in 90 cases (57%). These symptoms included pain (40%), fever (20%), 
hematuria (9%), hypertension (6%), and other symptoms as thrombocytopenia. In 
four patients, nephrectomy had to be performed to clear the fossa prior to wait-
listing the patient for another renal transplant. 

There were no significant differences in the incidence of surgical complications 
between three different time intervals between transplantation and transplant 
nephrectomy; 17% within the first 6 weeks, 22% between 6 weeks and 1 year, and 
23% after 1 year, with an odds ratio (OR) 0.71 (95% confidence interval (CI) 0.31 to 
1.62), OR 1.22 (95% CI 0.44 to 2.88) and OR 1.28 (95% CI 0.59 to 2.79), respectively. 
When transplant nephrectomy was performed after the mean interval of 3.4 years 
after transplantation, we found an OR of 1.40 (95% CI 0.61 to 3.21) for surgical 
complications. Figure 1 presents the time between transplantation and transplant 
nephrectomy and the incidence of postoperative surgical complications. 

Figure 1 Time to transplant nephrectomy and incidence of surgical complications
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Table 1 Characteristics and risk factors for developing surgical complications after transplant nephrectomy

All
patients 
N = 157

With surgical 
complications 

n = 32

Univariate analysis

Odds ratio* P

Age

   Under 18 years 15 2 (13%) 0.57 (0.12-2.69) 0.48

   18 to 50 years 88 21 (24%) 1.65 (0.76-3.71) 0.22

   Above 50 years 54 9 (17%) 0.70 (0.30-1.63) 0.40

Female sex 67 14 (21%) 1.06 (0.48-2.31) 0.89

BMI above 30 kg/m2 11 2 (18%) 0.86 (0.18-4.19) 0.85

Hypertension 81 19 (23%) 1.16 (0.52-2.57) 0.72

Diabetes mellitus 15 3 (20%) 0.97 (0.26-3.68) 0.97

Cardiovascular disease 42 8 (19%) 0.85 (0.35-2.08) 0.73

Living donor 25 4 (16%) 0.70 (0.22-2.21) 0.54

Removal of first transplant 118 24 (20%) 1.03 (0.42-2.53) 0.95

Removal of second transplant or more 39 8 (21%) 1.01(0.41-2.48) 0.98

Indication for transplant nephrectomy

   Non-function of graft within one year 59 12 (20%) 1.08 (0.48-2.44) 0.86

   Secondary non-function with symptoms 90 17 (19%) 0.90 (0.40-2.01) 0.79

   Space for new transplant 4 1 (25%) 1.38 (0.14-13.75) 0.78

Immunosupressive therapy

   No immunosuppressive drugs 12 2 (17%) 0.77 (0.16-3.69) 0.74

   Only prednisone 30 8 (27%) 1.56 (0.62-3.93) 0.35

   All combinations 80 14 (18%) 0.70 (0.32-1.52) 0.36

Time since transplantation 

   Within six weeks 59 10 (17%) 0.71 (0.31-1.62) 0.41

   Six weeks to one year 32 7 (22%) 1.12 (0.44-2.88) 0.81

   After one year 66 15 (23%) 1.28 (0.59-2.79) 0.54

Surgical technique

   Intracapsular 79 16 (20%) 1.27 (0.54-2.97) 0.58

   Extracapsular 66 11 (17%) 0.79 (0.34-1.84) 0.58

   Drain placement during surgery 121 21 (17%) 0.76 (0.25-2.26) 0.62

Principal surgeon 

   Transplant surgeon 78 14 (18%) 0.74 (0.34-1.62) 0.45

   Resident supervised by surgeon 79 18 (23%) 1.35 (0.62-2.95) 0.45

Anatomic pathological findings

   Rejection 98 19 (19%) 0.85 (0.39-1.88) 0.69

   Ischemia 40 8 (20%) 0.97 (0.40-2.37) 0.95

   Infection 4 2 (50%) 4.10 (0.56-30.30) 0.17

*Values in parentheses are 95 percent confidence intervals
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A total of 39 patients developed complications after transplant nephrectomy (25%, 
Table 2), 32 patients with surgical complications (20%) and 7 patients with systemic 
complications (4.5%). The surgical complications were 14 cases of wound infection 
(9%), 22 postoperative bleedings (14%), and 2 iatrogenic perforations of the 
colon (1%). Of these 32 patients with surgical complications, 16 required surgical 
intervention (10%). Surgical intervention for postoperative bleeding was performed 
in 15 patients, and 1 patient underwent surgery for an iatrogenic colon perforation. 
Median time between transplant nephrectomy and surgical intervention was 4.5 
days (SD ± 14 days). Patients with surgical complications who did not require 
surgical intervention were treated with antibiotics, red blood cell transfusion, 
placement of a percutaneous drain, opening of the infected surgical wound, or 
a combination of these. Systemic complications included 5 cases of pneumonia 
and 4 cases of atrial fibrillation. Two patients had both systemic complications. Five 
patients died within 30 days after transplant nephrectomy (3.2%); 2 died due to 
sepsis, 1 due to a pulmonary embolus, and 2 due to other causes. Patients with 
surgical complications had a 17-fold increased risk of death within 30 days after 
transplant nephrectomy, compared with patients without surgical complications 
(OR 17.71, 95% CI 1.91 to 164.63). 

Table 2 Complications after transplant nephrectomy (N = 157)

Complication

All complications 39 (25%)

Surgical complications 32 (20%)

   Wound infection 14 (9%)

   Postoperative bleeding and/or hematoma 22 (14%)

   Iatrogenic perforation of colon 2 (1%)

Systemic complications 7 (5%)

   Pneumonia 5 (3%)

   Atrial fibrillation 4 (3%)

Surgical re-intervention after transplant nephrectomy 16 (10%)

   Intervention of bleeding and/or debulking of hematoma 15 (10%)

   Repair of colonic perforation 1 (1%)

Days between transplant nephrectomy and re-intervention (median ± SD) 4.5 ± 14.3 

Mortality within 30 days after transplant nephrectomy 5 (3%)

Some patients had more than one complication

At the time of transplant nephrectomy, 30 patients were on prednisone only (19%). 
Twelve patients had no immunosuppressive therapy (8%), and 80 patients were on 
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prednisone combined with other immunosuppressive drugs (Table 3). There were 
no significant differences in the incidence of surgical complications between the 
various immunosuppressive groups. The intracapsular technique was used in 79 
cases (50%) and was mostly performed in late transplant nephrectomy. Within the 
first year after renal transplantation, the intracapsular technique was performed 
28 times versus 56 extracapsular nephrectomies. After one year, the intracapsular 
technique was used 51 times versus 10 extracapsular nephrectomies. There were 
no differences in complication rates between both techniques (P = 0.81). During 
surgery, 121 patients received a drain (77%) without significantly altering the 
incidence of surgical complications (P = 0.62).

Table 3 Immunosuppressive therapy at time of transplant nephrectomy

All patients No surgical 
complications 

(n = 125)

Surgical 
complications 

(n = 32)

P value

No immunosuppression 12 (8%) 10 (8%) 2 (6%) 0.74

Only prednisone 30 (19%) 22 (18%) 8 (25%) 0.34

Prednisone, cyclosporine and MMF 23 (15%) 20 (16%) 3 (13%) 0.34

Prednisone and cyclosporine 16 (10%) 13 (10%) 3 (9%) 0.86

Prednisone, MMF and tacrolimus 10 (6%) 8 (6%) 2 (6%) 0.98

Prednisone, cyclosporine, 
basiliximab and MMF

8 (5%) 6 (5%) 2 (6%) 0.74

Prednisone and MMF 7 (4%) 6 (5%) 1 (3%) 0.68

Other combinations 16 (10%) 13 (10%) 3 (9%) 0.86

MMF = mycophenolate mofetil

A total of 59 re-transplantations were performed in 57 patients (38%). Most re-
transplantations were performed on the contralateral side and only eight were 
performed on the ipsilateral side. There was no difference in the rate of re-
transplantation between patients with or without surgical complications (P = 0.99). 
The mean time between transplant nephrectomy and re-transplantation was 2.7 
years (SD ± 2.4 years) for patients without surgical complications, and 3.4 years (SD 
± 2.3 years) for patients with surgical complications (P = 0.09).

DISCUSSION

We found a complication rate of 25% in transplant nephrectomy. The surgical 
complication rate was 20% and surgical re-intervention was necessary in half of 
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all patients with surgical complications. This is comparable to other studies, where 
complication rates between 4.3% and 82% have been reported.17,20,22 This wide 
range may be explained by unclear definitions of morbidity used by different 
research groups, selection of study population, and other bias of retrospective 
analyses. Almost all surgical complications were due to infection or hemorrhage. In 
our univariate regression analyses, we found no significant risk factors for surgical 
complications, except for a significant association between surgical complications 
and mortality within 30 days. The use of a closed tube or vacuum drain after surgery 
was not associated with surgical complications. Some researchers suggest that 
the use of drains contributes to fewer post-surgical hematomas and infection, but 
others limit their use to cases where unsatisfactory hemostasis or graft infection is 
present during surgery.11,17

Most transplant nephrectomies were performed within one year after 
transplantation (58%). We found no significant differences between early and late 
graft removal. However, there might be a trend towards an increase of surgical 
complications in late transplant nephrectomy. Several studies have reported an 
increased incidence of surgical complications with delayed removal of a failed 
graft.23–25 A study of 70 transplant nephrectomies by Mazzucchi et al. described 
a significantly higher rate of major surgical complications requiring surgical re-
intervention after transplant nephrectomy if performed more than 60 days after 
transplantation.23 Other studies found no significant differences in complication 
rates between early and late graft removal.26 The mortality rate was 3.2% within 
the first 30 days after transplant nephrectomy. Mortality was significantly higher 
among patients with surgical complications. Other studies report mortality rates 
of 1.5% to 39%.5,21 In a large retrospective study by Johnston et al. transplant failure 
within one year was associated with an increased risk of death.7 In our study, we 
found mortality rates of 4.5% within one year and 2.2% after one year (P = 0.41). 
However, our population was too small to assess this effect.

Re-transplantation is associated with improved patient survival among patients 
with a failed renal graft.25,27 Previous studies reported re-transplantation rates 
of 10% to 15%.9,27,28 We had a re-transplantation rate of 38%. The occurrence of 
postoperative surgical complications had no effect on the rate of re-transplantation, 
although it seems to prolong the interval between transplant nephrectomy and 
re-transplantation.

Some studies suggest that transplant nephrectomy is associated with an increased 
recipient immunoreactivity due to increased exposure to foreign antigens during 
transplant nephrectomy, followed by repair-associated inflammation, which might 
cause an increased risk of re-transplant failure.14,25,29,30 However, other studies did 
not find this effect, and some even found a higher number of re-transplantations in 
patients who had transplant nephrectomy.9 Additionally, transplant nephrectomy 
could improve the condition of a re-transplant recipient, due to cessation of 
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immunosuppressive agents.9,31 At the time of transplant nephrectomy, most 
patients were on prednisone only (19%). Some had prednisone combined 
with other immunosuppressive drugs. We did not find any significant effect of 
immunosuppressive therapy on the occurrence of surgical complications.

Several studies suggest methods to lower the incidence of postoperative bleeding 
and hemorrhage after transplant nephrectomy.32–35 Zomorrodi et al. describes 
an intracapsular technique, leaving the whole graft ureter intact and instilled 
intracapsular diluted Betadine.36 They report a 0% complication rate in 25 patients. 
Previous studies have described coil embolization as an alternative to transplant 
nephrectomy, with success rates of 80% to 92%.33–35 However, a postembolization 
syndrome of pain and fever occurred in almost all patients, and subsequent 
transplant nephrectomy was required in 20% of patients. Additionally, some 
researchers raised concerns about chronic inflammation of the embolized graft 
and its consequent effect on morbidity.21 Intraoperative coil embolization directly 
followed by transplant nephrectomy is described by Neschis et al.37 They found a 
significant reduction of intraoperative blood loss and red blood cell transfusion 
requirements following transplant nephrectomy when coil embolization of the 
transplant renal artery was performed immediately prior to surgery. Blood loss in 
the embolized group was 198 mL compared with 465 mL in the non-embolized 
group (P = 0.035).

Limitations of our study are missing data for some variables, such as BMI, and 
lack of information about the amount of blood loss or the frequency of blood 
transfusion administration. 

In conclusion, we found a complication rate of 25% after transplant nephrectomy. 
We did not detect risk factors for surgical complications after transplant 
nephrectomy and found no significant association between timing of transplant 
nephrectomy and surgical complications. Because of the high complication rate, 
steps to reduce these complications, such as prior coil embolization, need further 
investigation.
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Ureterovesical anastomotic techniques for kidney 
transplantation: a systematic review and meta-
analysis

V.P. Alberts, M.M. Idu, D.A. Legemate, M.P. Laguna Pes and R.C. Minnee

ABSTRACT
No consensus exists about which ureterovesical anastomosis technique to use 
for kidney transplantation. The aim of this systematic review was to compare the 
existing techniques in relation to the risk of urological complications. 

All studies that compared ureterovesical anastomotic techniques in kidney 
transplantation were included. Study endpoints were urinary leakage, ureteral 
stricture, vesicoureteral reflux and hematuria. Subanalyses of stented and 
nonstented techniques were performed. 

Two randomized clinical trials and 24 observational studies were included. Meta-
analyses were performed on the Lich-Gregoir (LG) versus Politano-Leadbetter (PL) 
techniques and LG versus U-stitch (U) techniques. Compared with the PL technique, 
the LG technique had a significantly lower prevalence of urinary leakage (risk 
ratio (RR) 0.47, 95% confidence interval (CI) 0.30 to 0.75) and a significantly lower 
prevalence of hematuria when compared with both PL and U techniques (RR 0.28, 
95% CI 0.16 to 0.49 and RR 0.23, 95% CI 0.11 to 0.50, respectively), regardless of 
ureteral stenting. There was no difference in the prevalence of ureteral strictures or 
vesicoureteral reflux between the various techniques. 

Of the three most frequently used ureterovesical anastomotic techniques, the LG 
technique results in fewer urological complications than the PL and U techniques.

Transplant International 2014 Jun;27(6):593-605
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INTRODUCTION
 
The most important surgical aspects of renal transplantation are the vascular and the 
ureterovesical anastomoses. The ureterovesical anastomosis is the most frequent 
source of morbidity following kidney transplantation. The mean prevalence of 
urological complications ranges between 3% and 5%.1 However, prevalences 
between 1% and 30% have also been described.2–5 Urological complications are 
urinary leakage, ureteral stricture, vesicoureteral reflux or significant hematuria. 
The ureterovesical anastomotic technique is an important aspect of kidney 
transplantation, which can influence the urological complication rate. Since the start 
of renal transplantation, a number of different ureteroneocystostomy techniques 
have been developed.6–10 The most frequently used techniques are the intravesical 
Politano-Leadbetter (PL), the extravesical Campos Freire technique, better known 
as Lich-Gregoir (LG) and the Taguchi or U-stitch (U) technique.6,7,9–12 Several studies 
have compared these techniques.13–38 However, the effect of the ureterovesical 
anastomotic technique on the development of urological complications and 
which one is to be preferred continues to be a subject of discussion. Additionally, 
stenting of the ureterovesical anastomosis has been recognized as an independent 
protective factor in preventing the development of urological complications after 
kidney transplantation.1,39 Unstented techniques are often compared with stented 
or partly stented techniques, which could introduce bias.14,17,24,32,37,38 

The aim of this systematic review was to summarize all randomized clinical trials 
(RCTs) and observational cohort studies on ureterovesical anastomotic techniques 
in relation to the risk of urological complications in kidney transplantation and in 
this way to ascertain which is the superior ureterovesical anastomotic technique. 
The effect of stenting of the various ureterovesical anastomotic techniques was 
also assessed.

METHODS

This review was carried out in accordance with the Preferred Reporting Items for 
Systematic reviews and Meta-Analyses (PRISMA) statement.40 Additionally, the 
Meta-analysis of Observational Studies in Epidemiology (MOOSE) proposal for 
reporting was used.41

Inclusion criteria and outcomes
All studies designed to compare any possible variation of ureterocystostomy 
techniques in kidney-only transplantation were eligible for inclusion. Studies were 
included regardless of age of the acceptor, anatomical variants of the donor kidney 
or type of kidney graft. Only studies published in English-language journals were 
included. Studies that compared ureterovesical anastomostic techniques with 
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ureteroureterostomy or pyeloureterostomy were excluded, as the focus was only 
on ureterovesicostomy techniques. Case reports were also excluded. 

Outcome measures were urological complications that required intervention. 
These were ureteral leakage or fistula, ureteral stricture, vesicoureteral reflux and 
hematuria. Ureteral stricture included ureteral obstruction and stenosis. Only 
strictures located at the ureterovesical junction were included. Ureteropelvic 
stricture was not considered a relevant outcome measure. Clot retention that 
needed intervention was considered to be hematuria. Interventions were 
postoperative percutaneous and transvesical stenting of the ureter, percutaneous 
urine diversion, balloon dilatation, clot evacuation and surgical revision.

Table 1 Electronic search terms

PubMed (last search October 2013) EMBASE (1980 to October 2013)

Filter: English language only Limit to English language

#1. KIDNEY TRANSPLANTATION (MeSH) 1. Kidney transplantation/

#2. ((kidney transplant*) or (kidney next graft*)) 2. (kidney transplant$ or renal transplant$).tw.

#3. ((renal next transplant*) or (renal next graft*)) 3. (renal graft$ or kidney graft$).tw.

#4. (#1 or #2 or #3) 4. or/1-3

#5. URETER (MeSH) 5. ureter/

#6. URETERAL OBSTRUCTION (MeSH) 6. ureteral obstruction/

#7. ureter* 7. ureter$.tw.

#8. vesico* 8. vesico$.tw.

#9. (#5 or #6 or #7 or #8) 9. or/5-8

#10. ureteroneocystostom* 10. ureteroneocystostomy.tw.

#11. politano* 11. politano$.tw.

#12. leadbetter* 12. leadbetter$.tw.

#13. intravesical* 13. intravesical$.tw.

#14. lich* 14. lich.tw.

#15. gregoir* 15. gregoir.tw.

#16. extravesical* 16. extravesical$.tw.

#17. taguchi* 17. taguchi.tw.

#18. u-stitch* 18. u-stitch.tw.

#19. full-thickness* 19. full-thickness.tw.

#20. (#10 or #11 or #12 or #13 or #14 or #15 or #16 

         or  #18 or #19) 20. or/10-19

#21. (#4 and #20) 21. and/4,20

#22. (#9 and #21) 22. 9 and 21

RESULTS 236 RESULTS 344
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Search methods
Two researchers (VPA and RCM) independently performed a systematic literature 
search in the Cochrane Database of systematic reviews, the Cochrane central 
register of controlled trials, PubMed Medline (1946 to October 2012) and EMBASE 
(1980 to October 2012). The search terms used are presented in Table 1. To 
supplement the electronic searches, manual reference checks of the included 
papers were performed. No authors were contacted. 

Titles and abstracts were screened independently by VPA and RCM to obtain 
abstracts of studies that may have been relevant to this review. If the abstracts 
appeared to meet the inclusion criteria, the full text was retrieved. Each article 
was independently assessed by two authors (VPA and RCM). The same authors 
independently carried out data extraction using standard data extraction forms. 
The inclusion of studies and the data retrieved were then discussed and agreed 
on. Study quality was assessed independently by VPA and RCM using the checklist 
for quality assessment developed by the Dutch Cochrane Centre.42 The study 
was finally included after consensus was reached. If there were any differences of 
opinion, these were resolved by discussion between the researchers in a consensus 
meeting.

Surgical techniques
The PL technique utilizes a cranial cystotomy to access the interior of the bladder, 
and a second cystotomy to introduce the ureter into the bladder. The distal ureter is 
spatulated and sutured to the bladder mucosa. The detrusor muscle is subsequently 
closed over the anastomosis to create a tunnel with antireflux mechanism (Figure 
1).12 In the LG technique, the bladder mucosa is reached via a single cystotomy, 
and the distal ureter is sutured to the mucosa. Subsequently, a tunnel is created to 
prevent reflux (Figure 2).6,7,43 

Figure 2 The Lich-Gregoir technique
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Figure 1 The Politano-Leadbetter technique
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The U-stitch technique is performed by placing one or two absorbable U-stitches 
at the distal tip of the ureter. After introduction of the ureter into the bladder, the 
sutures are brought through the bladder wall, fixing the ureter to the bladder 
(Figure 3).8–11 The full-thickness (FT) technique is an infrequently used technique in 
which the ureter is anastomosed to the full thickness of the bladder wall without 
the creation of a tunnel.17,19,44

 

Figure 3 The U-stitch technique

Statistical analyses
Quantitative data were entered into and analyzed with the Cochrane Review 
Manager software (RevMan) version 5.1 (Copenhagen, The Nordic Cochrane Center, 
The Cochrane Collaboration, 2011). Data were pooled using the random effects 
model. The fixed effects model was also used to assess the robustness of the chosen 
model. Outcomes were expressed as risk ratio (RR) with a 95% confidence interval 
(CI) and a P value for overall effect. A P value below 0.05 was considered statistically 
significant. Heterogeneity was analyzed with the I2 test, where 25%, 50%, and 75% 
correspond to low, intermediate, and high levels of heterogeneity, respectively. 
Forest plots were constructed for each analysis. To assess the amount of bias caused 
by differences in stent usage between the groups, a subgroup analysis for stented 
and unstented techniques was carried out. The unstented analysis included studies 
in which both techniques were completely without the use of ureteral stenting, 
whereas the stented analysis included studies with various stenting regiments.

RESULTS

A total of 344 potentially relevant studies were identified. Eighty-four non-English-
language studies were excluded. After screening the titles and abstracts, 39 studies 
were selected for further review, after which 13 more were excluded (Figure 4). 
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Figure 4 Flowchart of articles included in the systematic review

Twenty-six studies (12.947 patients) were included in this systematic review, of 
which two RCTs and 24 observational studies.13–38 Study sizes varied between 70 
and 2548 patients. The characteristics of these studies are shown in Table 2. No 
dual publications were identified. The techniques for ureteroneocystostomy used 
in the articles included were categorized into four groups; the PL technique, the LG 
technique, the U technique and the FT technique. Variations and modifications of 
these techniques were included in the appropriate groups; the Barry technique was 
included in the LG group and the Taguchi, MacKinnon and Shanfield techniques 
were included in the U group .8–11,45 Instead of one longer incision, Barry’s parallel 
incision technique uses blunt dissection between two parallel bladder incisions to 
create an antireflux tunnel.45 The use of ureteral stenting varied widely between 
studies. Four studies compared an unstented PL group with a stented LG 
group.14,25,32,38 
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Table 3 Quality assessment of included studies
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Kayler18 Yes Yes Yes Yes No Yes Yes Yes 7

Ameer32 Yes Yes Yes Yes No Yes Yes Yes 7

Whang37 Yes Yes Yes Yes No ? ? Yes 5

Tillou23 Yes Yes No Yes No ? ? No 3

Georgiev13 Yes Yes No Yes No ? ? Yes 4

Lee29 Yes Yes No Yes No Yes Yes Yes 6

Moreira27 Yes Yes No No No Yes Yes No 4

Pacovsky36 Yes Yes Yes No No Yes Yes Yes 6

Veale35 Yes Yes Yes Yes No ? ? Yes 5

Li Marzi12 Yes Yes No No No ? ? Yes 3

Taghavi14 Yes Yes No Yes No ? ? Yes 4

Tzimas22 Yes Yes No Yes No Yes ? Yes 5

Secin25 Yes Yes Yes Yes No Yes ? Yes 6

Leungwattanakij28 Yes No No Yes No ? ? Yes 3

Masahiko19 Yes Yes Yes No No ? ? Yes 4

Butterworth31 Yes Yes Yes Yes No Yes Yes Yes 7

Rizvi26 Yes No No No No ? ? No 1

Pleass20 Yes Yes Yes No No No ? No 3

Hakim21 Yes Yes Yes Yes No ? ? ? 4

Jindal34 Yes Yes Yes Yes No ? ? Yes 5

Thrasher24 Yes Yes Yes No No ? ? Yes 4

Shah33 Yes Yes No No No ? ? ? 2

Belli15 Yes Yes No No No ? ? Yes 3

Dohi30 Yes ? Yes No No ? ? No 2

Waltke16 Yes Yes Yes Yes No ? ? Yes 5

Hooghe17 Yes Yes Yes No No ? ? Yes 4

*The study quality score was calculated by the number of questions answered with ‘yes’. ? = unclear

Study quality
Quality assessment on eight aspects is presented in Table 3. Study quality varied 
between one and seven points, with a higher number indicating better quality. 
Most studies included a consecutive cohort of kidney transplantations. Secin and 
Leungwattanakij excluded 22 and 9 patients, respectively, mentioning ‘nonreliable’ 
or missing data without further specifying the nature of these data.26,29 Most studies 
described the surgical techniques used. One study reported that it was comparing 
the LG technique with the PL technique. However, in their methods section, they 
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describe the LG technique as a ‘U-form transfixing suture through the bladder wall’ 
to fix the ureter to the bladder. For this reason, we included these data in the U 
technique group.18 Shah and Li Marzi assessed the Barry technique.13,34 These data 
were included in the LG group. Taghavi assessed a modified LG technique with 
minimal bladder wall dissection.15 These data were also added to the LG group.

Most studies did not routinely assess vesicoureteral reflux; therefore, it is only 
symptomatic reflux that is reported. In the RCTs, only Pleass and Waltke carried out 
randomization.17,21 None of the studies used blinding.

Table 4 Meta-analyses and outcomes 

Analysis Nr of studies Participants Risk ratio* P value I2 test

Lich-Gregoir versus Politano-Leadbetter

  Urinary leakage 16 9024 0.47 (0.30 – 0.75) 0.002 37%

  Ureteral stricture 15 8954 0.55 (0.39 – 0.76) <0.001 3%

  Vesicoureteral reflux 5 4848 0.83 (0.35 – 1.96) 0.67 0%

  Hematuria 7 3345 0.28 (0.16 – 0.49) <0.001 0%

Lich-Gregoir versus U-stitch

  Urinary leakage 6 2861 0.69 (0.36 – 1.32) 0.26 43%

  Ureteral stricture 8 3280 0.92 (0.55 – 1.52) 0.74 21%

  Hematuria 6 2956 0.23 (0.11 – 0.50) <0.001 65%

*Risk ratio’s are presented with 95% confidence intervals in brackets

Outcome variables
Twenty-three studies were included in the meta-analyses (Table 4).13–16,20–38 
Data were pooled for the LG versus PL comparison and for the LG versus U 
comparison.13–16,20–38 The mean prevalence of outcome variables is presented in 
Table 5. 
 

Table 5 Prevalence of urological complications in all included studies

Complication Ureterovesical anastomotic technique

PL LG U

Leakage 95/3299 (2.9%) 116/7104 (1.6%) 40/1187 (3.4%)

Ureteral stricture 106/3278 (3.2%) 138/7243 (1.9%) 52/1418 (3.7%)

Vesicoureteral reflux 20/1293 (1.5%) 85/3555 (2.4%)

Hematuria 79/1925 (4.1%) 52/3040 (1.7%) 96/1336 (7.2%)

PL = Politano-Leadbetter, LG = Lich-Gregoir, U = U-stitch

There were significantly fewer ureterovesical anastomotic leakage events in the 
LG group than in the PL group (RR 0.47, 95% CI 0.30 to 0.75, P < 0.01, I2 = 37%). 
Subgroup analyses on ureteral stenting showed comparable results for both 
stented and unstented groups (Figure 5). There was no significant difference in 
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the prevalence of leakage between the LG and U techniques. However, there were 
significantly fewer cases of urinary leakage in the stented LG group (Figure 6). 

Figure 5 Forest plot Lich-Gregoir (LG) versus Politano-Leadbetter (PL); outcome leakage

Figure 6 Forest plot Lich-Gregoir (LG) versus U-stitch; outcome leakage
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Figure 7 Forest plot Lich-Gregoir (LG) versus Politano-Leadbetter (PL); outcome ureteral stricture

Figure 8 Forest plot Lich-Gregoir (LG) versus U-stitch; outcome ureteral stricture
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Ureteral stricture was significantly less in the LG group than in the PL group (RR 
0.55, 95% CI 0.39 to 0.76, P < 0.01, I2 = 3%). However, subgroup analyses showed 
no differences in the prevalence of ureteral strictures between the PL and LG 
techniques if no ureteral stents were used (Figure 7). There were no significant 
differences between the LG and U techniques in relation to ureteral stricture 
(Figure 8). There were no significant differences between the LG and PL techniques 
for vesicoureteral reflux (Figure 9). 

Figure 9 Forest plot Lich-Gregoir (LG) versus Politano-Leadbetter (PL); outcome vesicoureteral reflux

There were significantly fewer cases of hematuria in the LG group when compared 
to both the PL technique (RR 0.28, 95% CI 0.16 to 0.49, P < 0.01, I2 = 0%, Figure 10) 
and the U technique (RR 0.23, 95% CI 0.11 to 0.50, P < 0.01, I2 = 65%, Figure 11). 
Subgroup analyses of ureteral stenting showed comparable significant results for 
both stented and unstented groups.

There were not enough data to conduct a meta-analysis of the FT technique. 
The two studies that assessed the FT technique found no significant differences in 
overall urological complications on comparison with the PL and LG techniques.17,19 
However, one study did find a significantly lower number of ureteral strictures in 
the PL group than in the FT group.17 One study compared the PL and U techniques 
and found a significant increase in urinary leakage where the PL technique was 
used (6.5% versus 0.8%, P < 0.01).18

In the LG versus PL meta-analysis, there was a low level of heterogeneity ranging 
from 0% to 36%. There were minimal differences when the random effects model 
of the LG versus PL comparison was compared with the fixed effects model, 
which implies that important statistical heterogeneity is unlikely. The difference 
was slightly higher in the LG versus U comparison. The level of heterogeneity was 
intermediate in the LG versus U comparison (22% to 65%).
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Figure 10 Forest plot Lich-Gregoir (LG) versus Politano-Leadbetter (PL); outcome hematuria

Figure 11 Forest plot Lich-Gregoir (LG) versus U-stitch; outcome hematuria

DISCUSSION

The LG technique significantly lowers the risk of ureteral leakage when compared 
with the PL technique and significantly lowers the risk of hematuria when compared 
with both the PL technique and the U technique in kidney transplantation. There 
were no differences in the prevalence of ureteral strictures and vesicoureteral reflux 
between the various techniques.
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The higher risk of urinary leakage in the PL group might be the result of the second 
cystotomy, which creates a potential extra leakage site. Also, it is hypothesized that 
the use of a shorter segment of the ureter in the LG technique decreases the risk of 
distal ureteral necrosis and therefore results in a lower risk of urine leakage at the 
ureterovesical junction.20,46 The higher rate of hematuria in the PL group might also 
be explained by the extra cystotomy, from which bleeding can arise. The increased 
rate of hematuria in the U group could originate in small longitudinal ureteral vessels. 
These vessels are more likely to be ligated in the process of creating an anastomosis 
with running sutures, whereas the U-stitch technique allows them to remain open. 
Urokinase in the urine may also compromise hemostasis in these small vessels. 
Ureterovesical reflux as complication after kidney transplantation is considered 
controversial, as it usually causes no clinical symptoms. Some researchers suggest 
that it might significantly increase the risk of recurrent urinary tract infections and 
reflux nephropathy in the long term, however, without compromising long-term 
graft outcomes.47–49 A study by Margreiter et al. has shown that vesicoureteral 
reflux has no effect on long-term outcomes after kidney transplantation, although 
this study has several limitations.50 Owing to the difficulty to sufficiently detect 
vesicoureteral reflux and the disputable clinical implications, it was decided not to 
assess this outcome variable.

Ureteral stenting has a significant protective effect against the development of 
urological complications after renal transplantation, as described in a meta-analysis 
by Mangus et al. and a Cochrane review by Wilson et al.1,39 However, it remains 
debated if ureteral stenting is preferably performed by routine or that selective 
stenting of problematic anastomoses is sufficient.14,51,52 Some studies have shown 
an increase in urinary tract infections (UTIs) with ureteral stenting.39,53–55 Wilson 
et al. describes a relative risk of 1.49 (95% CI 1.04 to 2.15) for UTIs with ureteral 
stenting, unless the patients were given prophylactic antibiotics, in which case the 
prevalence was equal to the nonstented group (relative risk 0.97, 95% CI 0.71 to 
1.33).39 There were not enough data in the included studies to assess the effect of 
ureteral stenting on UTIs. Recognition of its benefits has led to an increase in ureteral 
stenting over the years. Differences in the prevalence of ureteral stenting may cause 
significant bias when comparing ureterovesical anastomotic techniques. During 
study assessment, many studies were found to contain different rates of ureteral 
stenting between study groups. When compared with the unstented PL group, 
ureteral stricture was significantly lower in the stented LG group, but comparable 
with the unstented LG group. Four studies compared an unstented PL group with 
a stented LG group.14,25,32,38 Therefore, it is important to correct for stenting bias, as 
was performed in the current meta-analysis. 

Recently, Slagt et al. conducted a systematic review and meta-analysis of the 
intravesical versus extravesical ureteroneocystostomy.56 Their results are comparable 
with the PL versus LG comparison in the current meta-analysis. However, they did 
not compare the differing stenting regimens between the groups. They found 
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a significantly lower prevalence of ureteral strictures in the extravesical group. 
However, these results may be biased by the differences in ureteral stenting, 
as shown in this systematic review. Another nonsystematic review compared 
four different techniques of ureterovesical anastomosis; the LG, PL, U, and FT 
techniques.46 They found no significant differences in the prevalence of urological 
complications, with the exception of a higher prevalence of hematuria when using 
the U technique. Unfortunately, they did not conduct statistical analyses.

Limitations of this systematic review may be caused by several sources of bias. 
The lack of a description of surgical methods might introduce bias, because one 
study reported on a ureterovesical anastomotic technique that appeared to be of a 
different type than stated in the article.18 The majority of studies are observational, 
inducing potential selection and measurement bias. In the 1990s, many study 
centers changed the ureteroneocystostomy technique they used from PL to LG. 
This introduces a cohort effect bias when the techniques are compared, as other 
surgical techniques have also evolved. Additionally, the use of high-dose steroids 
during the precyclosporine era is associated with an increased rate of urological 
complications.57 The prevalence of urological complications is influenced not only 
by the ureterovesical anastomotic technique but also by the quality of the implanted 
ureter, that is, ureteral length, peri-ureteral fat, peri-ureteral blood vessels, quality 
of the bladder, pre-existing uropathy, pretransplant residual urinary output, as well 
as by the episodes of rejection. Additionally, the use of induction therapy, novel 
immunosuppressive regimens, ABO incompatible transplantation protocols and 
viral infections such as BK-polyomavirus-associated nephropathy may also have an 
influence on urological complications.58–60 These variables are seldom reported and 
therefore could not be included in the analyses. The quality of included studies was 
reasonable to good. Most studies had a clear definition of study population and a 
clear description of their methods and outcomes. Most important confounders 
were identified. Follow-up was often not clearly reported. The year of publication 
ranged from 1977 to 2012. Although study quality varied widely, the outcome 
variables were clearly defined and objectively measurable. Therefore, it is not likely 
that the variation in study quality is of much influence on the results. There was 
an intermediate level of heterogeneity in the LG versus U comparison. This might 
introduce some bias in the results. The level of heterogeneity in the LG versus PL 
comparison was low.

This systematic review assessed all ureteroneocystostomy techniques used in 
kidney transplantation. When compared with both the PL technique and the U 
techniques, the LG ureterovesical anastomotic technique results in fewer post-
operative urological complications. There is insufficient data to conduct a meta-
analysis on the FT technique.
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CHAPTER 9

Duplicated ureters and renal transplantation: a 
case-control study and review of the literature

V.P. Alberts, R.C. Minnee, K.A.M.I. van der Pant, F.J. Bemelman, P.J. Zondervan, M.P. 
Laguna Pes, and M.M. Idu

ABSTRACT
Complications of the transplant ureter are the most important cause of surgical 
morbidity after renal transplantation. The presence of ureteral duplication in 
the renal graft might result in an increased complication rate. We analyzed our 
data of double-ureter renal transplantations using a case-control study design. 
Additionally, we performed a review of the literature.

From January 1995 to April 2012, 12 patients received a donor kidney with a double 
ureter (0.8%).We created a control group of 24 patients matched in age, sex, donor 
type, and ureteral stenting. Patient charts and surgical reports were reviewed 
retrospectively.

In 7 patients both ureters were separately anastomosed to the bladder. In 4 
patients a common ostium was created. In 1 patient one of the two ureters was 
ligated. No postoperative urologic complications occured. In the single-ureter 
group, the urologic complication rate was 17% (P = 0.71). Mean creatinine levels 
after transplantation were comparable between both groups.

A double-ureter donor kidney is not associated with an increased complication rate 
after renal transplantation and yields equal outcomes as compared to single-ureter 
donor kidneys. We conclude that transplantation of a kidney with a duplicated 
ureter is safe.

Transplantation Proceedings 2013 Nov;45(9):3239-3244
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INTRODUCTION

Ureteral complications are a significant source of morbidity in kidney transplantation, 
with an incidence rate of 2.5% to 27%.1-5Mostly, these complications are due to 
stenosis or leakage of the distal transplant ureter at the site of the ureterovesical 
implantation.2,6 Frequently, this is the result of damage to the ureteral vascularization 
during donor nephrectomy causing a compromised blood supply and subsequent 
ischemia of the distal ureter.7 Transplantation of a kidney with a double ureter may 
increase the risk of urologic complications and therefore some researches have 
expressed reluctance to the transplantation of these kidneys.8-10 Due to persistent 
shortage of donor kidneys, efforts are made to expand the criteria for potential 
organ donors.11,12 The use of donors with relative contraindications, such as obesity, 
glucose intolerance, old age, and anatomical variants, is increasingly pursued. This 
is also the case for kidneys with a double ureter. However, there is no consensus 
in the literature on the optimal way to implant a doubleureter system into the 
bladder. Several studies report various techniques for ureterocystostomy with a 
doubleureter.8,10,13-20 

Our objective is to report our experience with transplantation of kidneys with a 
double ureter at the Academic Medical Center, Amsterdam. We compared patients 
who received a kidney with a double ureter to controls that received a kidney with 
a single ureter. Additionally, we performed a review of the existing literature.

METHODS

From January 1995 to April 2012, 1588 kidney transplantations were performed 
at the Academic Medical Center, Amsterdam. Patient charts and surgical reports 
were reviewed retrospectively. Patients who received a kidney with a double 
ureter were identified and 2 controls per patient were matched by selecting 
the next consecutive patient with the same sex, age (within a range of 10 years 
below and above), donor type, and use of ureteral stent. All transplantations 
were performed by 1 of 7 surgeons through an extraperitoneal approach in 
the iliac fossa, as reported previously.21 The method used to establish urinary 
continuity was either the extravesical ureterocystostomy (Lich-Gregoir) method 
or the intravesical ureterocystostomy (Politano-Leadbetter) method. In the case 
of a duplicated ureter, either a common ostium was created or both ureters were 
separately anastomosed to the bladder. The type of ureterocystostomy depended 
on the personal preference of the surgeon. Until July 2005 all ureter-bladder 
anastomoses were performed without stenting. From July 2005 onward, all renal 
transplant recipients received a 5-day external stented ureterocystostomy. The 
stent (8-French) was introduced into the bladder through a direct suprapubic 
bladder puncture and positioned in the transplant renal pelvis. For living renal 
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transplantations, this protocol was unchanged till the end of the study period. For 
cadaveric renal transplants, this protocol was changed, and from January 2011 till 
the end of the study period, all cadaveric renal transplants received a 6-French JJ 
splint for 6 weeks. Postoperatively all patients had an indwelling bladder catheter. 
The bladder catheter was removed in all patients on day 7, after urinary leakage 
had been excluded by cystography on the same day. All patients were followed 
at our center for at least one year after successful transplantation. After one year, 
patients were referred back to their original referral center. 

Urological complications were defined as any cause leading to the placement of 
a percutaneous nephrostomy catheter or ureteral stent for more than one week or 
when surgical revision of the ureterocystostomy was performed during complete 
follow-up. Urinary tract infections and vesicoureteral reflux were not counted as 
urologic complications.

Statistical analysis
Comparisons of categorical data between the double-ureter group and the single-
ureter group were performed using the χ² test. Continuous data were compared 
with the Mann-Whitney U test. A P value of less than 0.05 was considered statistically 
significant. For statistical analyses, the SPSS software package was used (SPSS 19, 
Chicago, Illinois, USA).

Table 1 Characteristics of cases and controls

Double ureter kidney 
recipient (n = 12)

Single ureter kidney 
recipient (n = 24)

P

Mean age in years (± SD) 49 (± 17) 49 (± 14)

Female sex 6 (50%) 12 (50%)

Mean BMI in kg/m2 (± SD) 25 (± 4) 25 (± 5) 0.87

Diabetes mellitus 1 (8%) 4 (17%) 0.50

Donor type

   Heart beating 2 (17%) 4 (17%)

   Non heart beating 7 (58%) 14 (58%)

   Living 3 (25%) 6 (25%)

Mean duration of surgery, minutes (± SD) 173 (± 48) 195 (± 56) 0.34

Ureteral stent 8 (67%) 16 (67%)

All complications 1 (8%) 6 (25%) 0.23

Urological complications 0 3 (17%) 0.20

Other complications 1 (8%) 3 (17%) 0.71

Mean follow-up in months (± SD) 19 (± 11) 21 (± 20) 0.62

Mean hospital stay in days (± SD) 14 (± 7) 15 (± 7) 0.57

BMI = body mass index, SD = standard deviation



____
98

CHAPTER 9

Literature search
A review of the literature was performed by searching the database PubMed 
for articles reporting kidney transplantation with a double ureter. References of 
selected articles were subsequently screened to find additional articles.

RESULTS

Of all 1588 kidney transplantations performed between January 1995 and April 
2012, 12 patients received a kidney with a double ureter (0.8%). We matched 24 
control patients and found no significant differences in baseline characteristics 
between both groups (Table 1). In the double-ureter group, there were 6 male and 
6 female acceptors with a mean age of 49 years (range 20 to 70 years). The donor 
kidneys were obtained from 3 living and 9 deceased donors. All 3 living donors 
had bilateral ureteral duplication. Two donor kidneys also had a double venous 
system. The ureterovesical anastomosis techniques that were used are presented 
in Table 2. In 7 patients, the double ureter was separately anastomosed to the 
bladder, using 2 submucosal tunnels. This was done using a double extravesical 
Lich-Gregoir technique in 5 patients and using a double intravesical Pollitano-
Leadbetter technique in 2 patients. In 4 patients a common ostium was created 
at the distal end of the double ureter. Subsequently, a single anastomosis to the 
bladder was performed according to the Lich-Gregoir technique. In 8 patients, both 
ureters were stented using 2 stents. There was 1 patient with a concrement in the 
proximal ureter, which could not be removed. This ureter was ligated and only the 
distal ureter was anastomosed to the bladder using the Lich-Gregoir technique. 

Table 2 Ureterocystostomy techniques used in the cohort receiving a kidney with ureter duplicity 

Patient Technique Anastomosis* Stent Complication

1 Separate 2 x PL + None

2 Separate 2 x PL - None

3 Separate 2 x LG - None

4 Separate 2 x LG - Iatrogenic vasectomy

5 Separate 2 x LG + None

6 Separate 2 x LG + None

7 Separate 2 x LG + None

8 Common ostium LG + None

9 Common ostium LG + None

10 Common ostium LG + None

11 Common ostium LG + None

12 One ureter ligated LG - None

 *PL = Politano-Leadbetter, LG = Lich-Gregoir
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In all patients, the arterial and venous anastomoses were performed as usual on 
the iliac vessels. The mean duration of surgery of patients receiving a kidney with 
a double ureter was 173 minutes, compared with 195 minutes in patients who 
received a kidney with a single ureter (P = 0.34). This was 177 minutes for patients 
with a common ostium and 173 minutes for a separate implantation.

Postoperatively, no urologic complications occurred in the double-ureter group. 
In 1 patient, an iatrogenic vasectomy occurred during surgery. In the single-ureter 
group, 6 complications occurred (25%, P = 0.23). Of these 6 complications, there 
were 3 urologic complications (17%, P = 0.20); 2 instances of ureteral obstruction; 
and 1 case of ureteral leakage. The other complications were an ileus, lymphocele, 
and hematoma. Mean creatinine levels after 1 week, 1 month, and 3 months after 
kidney transplantation were comparable between both groups (P = 0.32, P = 0.80, 
and P = 0.82, respectively). Postoperative hospital stay was comparable between 
both groups (P = 0.57). 

Literature search
We have performed a thorough research of existing literature. In total 71 patients 
with double ureters have been described in the literature: 5 in case reports 
and the remaining in small case series. Several methods for implantation of a 
double ureter are described (Table 3). The various techniques can be classified 
into 4 groups: (1) the creation of a common ostium at the distal double ureter, 
which is implanted using a single cystotomy (Figure 1); (2) a single cystotomy 
through which both ureters are introduced and fixed with a single U-stitch 
(Figure 2); (3) a separate implantation of both ureters with 2 introductions to the 
bladder (Figures 3 and 4); or (4) anastomosis of the double ureter to the native 
ureter. Most studies describe the use of a common ostium.10,13,14,19,20,22 This way, 
one submucosal tunnel is made through which both ureters are introduced. 
The common ostium is created either by suturing both distal ureters together 
resulting in one ostium or by creating a double-barreled common ostium.

Figure 1 The common ostium technique

	  



____
100

CHAPTER 9

Table 3 Overview of studies

Study* Year N Follow-
up†

Technique n Stent Urological complications

Leakage Stricture Reflux Total

Ackermann10 1971 1 8 days Common ostium 1 0 1 (100%) 0 0 1 (100%)

Fjeldborg18 1972 2 36 DUU 2 0 0 0 0 0

Barry19 1973 1 4 Common ostium 1 0 0 0 0 0

Conlin14 1994 1 11 Common ostium 1 0 0 0 0 0

Huilgol20 1994 6 12-60 Common ostium 6 0 0 0 0 0

Neulander16 1996 1 1 DUU 1 0 0 0 0 0

Haferkamp8 1999 19 2-218 Common ostium 10 84% 0 1 (10%) 1 (10%) 2 (20%)

Separate 9 0 1 (11%) 1 (11%) 2 (22%)

Nakatani15 2000 1 9 U-stitch 1 0 0 0 0 0

Nagashima17 2003 1 NR Separate 1 0 0 0 0 0

Sulikowski24 2005 12 NR Common ostium 8 100% 3 (38%) 0 2 (25%) 5 (63%)

U-stitch 4 50% 1 (25%) 0 1 (25%) 2 (50%)

Uchida23 2006 3 18-52 U-stitch 3 0 0 0 0 0

Heidari13 2010 12 12-216 Common ostium 12 100% 0 1 (8%) NR 1 (8%)

Alberts 2013 11 29 Common ostium 4 100% 0 0 0 0

Separate 7 57% 0 0 0 0

Total All techniques 71 5 (7%) 3 (4%) 5 (7%) 13 (18%)

Common ostium 43 4 (9%) 2 (5%) 3 (7%) 9 (21%)

Separate 17 0 1 (6%) 1 (6%) 2 (12%)

U-stitch 8 1 (13%) 0 1 (13%) 2 (25%)

DUU 3 0 0 0 0

N = number of transplanted kidneys with double ureter, NR = not reported, DUU = double ureterureterostomy. 
*Haferkamp et al. included 4 patients with en-bloc infant kidney transplantation of which 1 with four ureters. 
†Mean in months, unless otherwise specified

The advantages of this technique are the use of a single cystotomy and 
nondisruption of the shared blood supply. Heidari et al. described an extravesical 
implantation of a double ureter with the creation of a common ostium.13,22 Conlin et 
al, Barry et al, and Huilgol et al. used a double-barreled common ostium.14,19,20 Both 
ureters were spatulated and sutured together at the distal tip to create a double-
barreled ureter. Interrupted fine catgut sutures were then used to complete the 
anastomosis. Ackermann et al. reported a case using the intravesical technique to 
create a similar double-barreled anastomosis.10 

The U-stitch technique for a duplicated ureter was described by two studies from 
the same Japanese research group. They use a single cystotomy to introduce both 
ureters to the bladder, which were subsequently fixed with a single U-stitch.15,23 The 
advantages of this technique are the use of a single cystotomy and the fact that it 
is simple and fast to perform.

One case report by Nagashima et al described the separate technique, using two 
cystotomies. Herein, the double ureter is anastomosed separately to the bladder by 
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Figure 2 The U-stitch technique

using the extravesical method twice, thus creating two submucosal tunnels.17 
Neulander and Kaneti described urinary leakage after a separate extravesical 
implantation of a duplicated ureter, which required surgical intervention.16 
Comparable to the technique described by Neulander and Kaneti, Fjeldborg 
and Kim presented a case report where a double ureter-ureterostomy was used. 
Both ureters of the donor kidney were excised at the ureteropelvic junction and 
anastomosed to the recipients native ureter.18

 

Figure 3 The separate technique using Lich-Gregoir

	  

	  



____
102

CHAPTER 9

Table 4 Pooled analysis of the two most frequently used ureteroneocystostomy techniques 

Complications Common ostium 
(n = 43)

Separate 
(n = 17)

P value

Leakage 4 (9%) 0 0.18

Obstruction 2 (5%) 1 (6%) 0.88

Reflux 3 (7%) 1 (6%) 0.84

Total 9 (21%) 2 (12%) 0.36

We found two studies that compared the creation of a common ostium to the 
U-stitch and the separate ureterocystostomy techniques.8,24 Sulikowski et al. 
described 12 patients receiving a kidney with a double ureter.24 In 8 patients a 
common ostium was created and in 4 patients the U-stitch technique was used. 
There were no differences in the complication rates between both techniques. 
Haferkamp et al. described 19 cases of a double ureter during transplantation.8 
They compared 9 patients who received two separate anastomoses with 10 
patients where a common ostium was created. The complication rate for patients 
who received a kidney with a double ureter was 10.5% and was similar between 
both techniques (11.1% for the separate technique and 10.0% for the common 
ostium technique). This was significantly higher when compared with the urologic 
complication rate of 1.8% in their previously published series of single-ureter 
kidney transplantation.25

In total, we found 71 patients in the literature who received a double-ureter 
donor kidney. The average urologic complication rate was 18%. The two most 
used techniques are the common ostium technique and the separate technique. 
Data of these techniques including data from our population were pooled and a 
meta-analysis was performed to compare the complication rates between both 
techniques (Table 4). Urologic complications occurred more frequently within the 
common ostium group. However, the difference was not significant. Data of the 
other techniques were too small to analyze. 

DISCUSSION

The most common anatomical variant of the upper urinary tract is ureteral 
duplication, found in 0.6% to 1.0% of donor kidneys.26-29 Ureteral duplication occurs 
twice as often in females, is bilateral in 15%, and has an autosomal-dominant 
inheritance.30 The ureter can be either partially or completely duplicated. With a 
partially duplicated ureter, the bifurcation is situated in the upper or mid ureter and 
this usually causes no clinical symptoms. Rarely it results in ureteroureteral reflux. 
Complete ureteral duplication is frequently asymptomatic. However, if symptoms
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Figure 4 The separate technique using Politano-Leadbetter
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are present, these are mostly recurrent urinary tract infections. A duplicated ureter 
can develop ectopiccally and drain into the bladder neck, urethra, or genital 
structures and thus cause incontinence. Also, a double ureter is more susceptible 
to vesicoureteral reflux or obstruction, which may lead to the formation of a 
ureterocele.31

We found a 0.8% incidence of a double ureter during transplantation. This is 
comparable to other studies.27,28 The rate of urologic complications was similar 
to patients who received a kidney with a single ureter. There was no significant 
difference in postoperative kidney function and postoperative hospital stay. Data 
from the literature are comparable to our data.

A review of the literature identified 71 patients who received a kidney transplant 
with a double-ureter donor kidney. The overall combined urologic complication 
rate was 18%. This is higher than the mean incidence of urologic complications after 
renal transplantation in the literature, however it is still within the range of reported 
urologic complications. A meta-analysis of the common ostium technique versus 
the separate technique could not identify any significant differences between 
the techniques. Pooling of the data of these studies has many limitations. The 
lack of comparative studies creates two groups with a presumebly high level of 
heterogeneity. Unfortunately the number of patients who received a double-
ureter donor kidney are small and only two other studies compared two different 
techniques.

The use of ureteral stents varied widely between the studies in the literatures, 
and therefore this might introduce bias. Ureteral stenting is now accepted as a 
successful method to reduce urologic complications in kidney transplantation. For 
kidneys with a double ureter, often two stents are used. To simplify the removal of the 
ureteral stent, Nghiem described a method using a single stent for double ureteral 
stenting in a population of 58 patients with en-bloc infant kidney transplantation.32 
We could not find a study that compared this technique to the use of two separate 
stents. Also, we could not find any report on kidney function after transplantation 
of a kidney with a double-ureter system in the existing literature. In our study, there 
was no difference in creatinine levels up to three months after transplantation 
between the groups with or without a double ureter.

In conclusion, several small case series describe various methods for 
ureterocystostomy in patients receiving a kidney with a double ureter. There is no 
difference in the complication rate between the various techniques, and the rate 
is similar to patients receiving a kidney with a single ureter. A donor kidney with 
a double ureter should be used for transplantation without reluctance, since it 
does not increase the complication rate and has no effect on postoperative kidney 
function.
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CHAPTER 10

Ureteral reconstruction after renal transplantation: 
clinical outcome and risk factors

V.P. Alberts, R.C. Minnee, F.J. Bemelman, K.A.M.I. van der Pant, M.P. Laguna Pes and 
M.M. Idu

ABSTRACT
The incidence of urological complications after renal transplantation ranges from 
2.5% to 30%. Often surgical revision is necessary. The risk factors for surgical revision 
and which surgical techniques to apply are not elucidated. This study investigates 
the outcome and risk factors for surgical revision of the ureterocystostomy. 

Between January 1995 and March 2009, 1157 consecutive kidney transplantations 
were performed. All patient charts and surgical reports were reviewed. 

Urological complications occurred in 142 patients (12%). In 60 patients (5%) surgical 
revision was necessary. Of these 60 patients, 43 received neoureterocystostomy 
(72%), 10 ureteropyelostomy reconstruction (17%) and 7 other techniques (12%). 
Independent risk factors for surgical revision were donor ureteral reconstruction 
(odds ratio (OR) 48.66, 95% confidence interval (CI) 5.01 to 472.97), recipient age 
below 18 years (OR 4.85, 95% CI 1.50 to 15.72) and delayed graft function (OR 
2.70, 95% CI 1.36 to 5.36). Ureteral stenting was a protective factor for surgical 
revision (OR 0.30, 95% CI 0.12 to 0.81). The urological complication rates after 
neoureterocystostomy, ureteropyelostomy reconstruction and other techniques 
were 16%, 0% and 0%, respectively. The overall surgical success rate was 92%. 

Ureteral stenting, recipient age, delayed graft function and perioperative ureteral 
reconstruction are significant factors associated with surgical revision of the 
ureterocystostomy. Surgical revision of the ureterocystostomy is a successful 
therapy with a low recurrence rate.

Urologia Internationalis 2012 88(3):333–337
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INTRODUCTION

Urological complications are among the major causes of postoperative morbidity 
after renal transplantation. The incidence of urological complications ranges 
from 2.5% to 30%.1,2 Urinary leakage and ureteral obstruction are the two most 
important causes leading to urological complications.1,2 In some cases, conservative 
treatment for urological complications may be sufficient, but frequently surgical 
revision of the ureterovesical anastomosis is necessary. We performed a single-
center retrospective analysis in a large consecutive renal transplantation cohort to 
investigate the risk factors for surgical revision of the ureterocystostomy after renal 
transplantation and the outcome of this procedure.

METHODS

Between January 1995 and March 2009, 1157 consecutive renal transplantations 
(850 deceased and 307 living donors) were performed at the Academic Medical 
Center, Amsterdam. The patient charts and surgical reports were reviewed 
retrospectively.

All transplantations were performed by one of seven surgeons through an 
extraperitoneal approach in the iliac fossa. The method used to establish urinary 
continuity was either extravesical ureterocystostomy (Lich-Gregoir method) 
or intravesical ureterocystostomy (Politano-Leadbetter method). The type of 
ureterocystostomy depended on the personal preference of the surgeon. Until 
July 2005 all ureter-bladder anastomoses were performed without stenting. From 
July 2005 onwards, all renal transplant recipients received a Five-day external 
stented ureterocystostomy. The stent was introduced into the bladder through a 
direct suprapubic bladder puncture and positioned in the transplant renal pelvis. 
Postoperatively all patients had an indwelling bladder catheter. The operation 
day was counted as day 0. The bladder catheter was removed in all patients 
on day 7 after urinary leakage had been excluded by cystography on the same 
day. All patients were followed at our center for at least one year after successful 
transplantation. After one year, patients were transferred to their referral center.

Standard immunosuppression before 1999 consisted of prednisolone and 
ciclosporin; thereafter it consisted of prednisolone, ciclosporin or tacrolimus and 
mycophenolate mofetil. From 2002 on, with the increase of totally human leukocyte 
antigen-mismatched donors, anti-CD25 monoclonal antibody (basiliximab) was 
added as induction therapy. Initial episodes of acute rejection were treated with 
pulse doses of methylprednisolone, second episodes with thymoglobulin. Delayed 
graft function was defined as the need for dialysis within the first postoperative 
week. Graft failure was defined as removal of the graft or loss of function requiring 
dialysis.
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Assessment of urological complications
A urological complication was defined as any cause leading to the placement of a 
percutaneous nephrostomy catheter or surgical revision of the ureterocystostomy 
during complete follow-up. Urinary tract infections and vesicoureteral reflux were 
not counted as urological complications. If there were signs of transplant ureter 
obstruction combined with hydronephrosis, a percutaneous nephrostomy catheter 
was inserted and an antegrade pyelography was performed. The nephrostomy 
catheter was left in place to maintain renal excretory function and was changed 
every six weeks. During this procedure an antegrade pyelography was made. If 
the urinary obstruction resolved, the nephrostomy catheter was clamped, and if 
there was no subsequent rise in serum creatinine within two to three days, the 
nephrostomy catheter was removed. If urinary obstruction persisted despite the 
percutaneous nephrostomy catheter, an operative reconstruction was usually 
performed three to six months later. If there was clinically significant urine leakage 
during the first two postoperative days, an operative revision of the urinary 
anastomosis was performed without delay. The method used for urological revision 
depended on the length of the stricture, the aspect of the ureter during surgical 
revision (i.e. thickness of the ureteral wall or vascularization) and the peri-ureteral 
tissue. We defined urological revision as any surgical intervention indicated for 
treatment of a urological complication. We only used the first urological revision 
after transplantation as outcome.

Statistical analysis
We calculated odds ratios (OR) with 95% confidence intervals (95% CI), using 
univariate and multivariate logistic regression analysis to identify independent 
risk factors for urological revision. Multivariate logistic regression analysis was 
performed on variables with a P value below 0.20 in the univariate analysis. A P value 
less than 0.05 was considered statistically significant. The two-year graft survival 
rate was calculated using Kaplan-Meier and log-rank test. Statistical analyses were 
performed using SPSS 16 for Windows (SPSS Inc., Chicago, Illinois, USA).

RESULTS

During follow-up (median follow-up 1.67 years), 142 urological complications 
occurred (12%). All patients with a urological complication were initially treated 
conservatively with percutaneous nephrostomy catheter and 82 of these 
142 patients (58%) were treated successfully this way. None had a recurrent 
obstruction during the remaining follow-up. The follow-up period after removal 
of the nephrostomy catheter was 16 months. In 60 (42%) of the 142 patients with 
a urological complication, surgical revision was needed. In this group, 54 patients 
(90%) had a percutaneous nephrostomy catheter in place prior to revision, and 6 



____
112

CHAPTER 10

patients (10%) had a revision within two days after transplantation due to leakage. 
Urological revision was indicated for 47 cases of ureteral strictures and 13 ureteral 
leaks. There were no significant differences between the groups with or without 
urological revision after renal transplantation for first warm ischemic time (P = 
0.51), cold ischemic time (P = 0.08), anastomosis time (P = 0.13) and re-transplant 
operations (P = 0.17). In all 1157 patients, we found 8 cases of a double or bifid 
ureter (0.7%), none of them in the ureteral revision group. Ureteral reconstruction 
during transplantation was necessary in 6 cases (0.5%). Reconstruction was 
needed to repair damage caused by the donor nephrectomy in 3 cases. Twice a 
reconstruction was performed to create a single ureter ostium of a double ureter. 
In one case a ureteral stone was removed. Urological complications occurred in 
4 of the 6 patients who needed urological reconstruction during transplantation.

The need for urological revision after renal transplantation was correlated with 
several donor, surgical and recipient risk factors (Table 1). In both univariate and 
multivariate analysis, ureteral reconstruction (OR for multivariate analysis 48.66, 
95% CI 5.01 to 472.97), recipient age under 18 years (OR 4.85, 95% CI 1.50 to 
15.72), and delayed graft function (OR 2.70, 95% CI 1.36 to 5.36) were significant 
risk factors for surgical revision of the ureterovesical anastomosis. Ureteral stenting 
was a protective factor for surgical revision (OR 0.30, 95% CI 0.12 to 0.81) in both 
analyses. There was no significant difference in the urological revision rate between 
deceased (7%) and living donor (5%) transplantation (P = 0.78).

Median follow-up of all 60 patients who underwent surgical revision 
after renal transplantation was 4.8 years. Of these 60 patients, 43 received 
neoureterocystostomy (72%), 10 ureteropyelostomy reconstruction (17%), 3  
pyelovesicostomy reconstruction (5%), 2  endoscopic dilation of a ureter stenosis 
(3%) and 2 ureterolysis (3%, Table 2). Seven urological complications occurred after 
surgical revision, 2 cases of leakage and 5 stenoses (7/43, 16%). These complications 
all occurred after neoureterocystostomy. Of these 7 patients, 5 required another 
revision of the neoureterocystostomy and 2 only needed a nephrostomy catheter 
or double-J stent. Hereafter, these patients were free of complications. Patients 
who underwent ureteropyelostomy or other techniques had no subsequent 
urological complications. In addition, 6 non-urological complications occurred. 
These included 2 postoperative ileuses, 3 wound-related complications and 1 
iatrogenic lesion of the external iliac artery. In summary, 5 out of the 60 patients 
who underwent ureteral reconstruction needed additional surgical treatment. The 
overall surgical success rate was 92% (55/60).

The two-year graft survival in patients without urological complications was 88% 
compared with 91% in patients with urological complications (P = 0.29). Mean 
creatinine levels three months after transplantation were 2.3 mg/dL (standard 
deviation (SD) ± 0.08) in the group without revision and 2.0 mg/dL (SD ± 0.15) in 
the group with revision (P = 0.32).
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Table 2 Techniques used for surgical revision of urological complications

Neoureterocystostomy 
(n = 43)*

Ureteropyelostomy with 
native ureter (n = 10)

Other 
(n = 7)†

Mean time to revision 190 days 350 days    296 days

Female sex 22 (51%) 5 (50%) 3 (43%)

Mean operating time in 
hours (range)

1:48 (0:40-3:10) 4:49 (2:45-8:21) 2:18 (0:23-6:30)

Double-J stent used 9 (21%) 9 (90%) 3 (43%)

Urological complication 7 (16%) 0 0

Other complications 3 (7%) 2 (20%) 1 (14%)

*4 with psoas-hitch, †3 pyelovesicostomy, 2 ureterolysis, 2 endoscopic dilatation of stenosis

DISCUSSION

In this retrospective single-center study, we found an overall urological complication 
rate of 12%. Sixty patients (42%) required surgical revision of the ureterovesical 
anastomosis (5%). Many urological complications after renal transplantation are 
the result of a compromised ureter during the donor nephrectomy operation. Due 
to the retrospective aspect of our study we were not able to quantify the amount 
of periureteral tissue, the ureteral vascularization, and the ureteral length after 
transplantation. These factors may play an important role in causing urological 
complications after renal transplantation. Surgical revision of the ureter had no 
negative effects on graft survival or kidney function. In July 2005 we introduced 
routine splinting of the ureterovesical anastomosis, since there was growing 
evidence that routine stenting of the ureterovesical anastomosis is beneficial.3–5 In 
our series we also demonstrated that stenting of the ureterovesical anastomosis 
significantly lowered the need for surgical revision after renal transplantation. 
The transplantations were done by one of seven surgeons. Earlier studies from 
our center demonstrated that there were no significant differences between the 
surgeons.5

In our study we demonstrated that perioperative donor ureteral reconstruction 
necessary to repair a ureteral lesion during the donor nephrectomy increased the 
risk of urological revision after transplantation by more than 40 times. Delayed graft 
function and recipient age below 18 years increased the risk of surgical revision of 
the ureterocystostomy. The association between delayed graft function and the 
need for urological revision might be explained by factors resulting in ischemia and 
rejection of the kidney and ureter.6 The underlying cause of the higher incidence 
of urological revision in recipients below 18 years is not clear and further research 
is needed. A possible cause could be a higher incidence of pre-transplant urinary 
tract abnormalities, which could have a direct negative effect on bladder quality 
and indirectly on the ureterovesical anastomosis.
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Ureteral reconstruction after renal transplantation: clinical outcome and risk factors

The overall surgical success rate of urological revision after renal transplantation 
was 92%. Most urological complications were revised with a neoureterocystostomy. 
This technique is our preferred method to correct short lesions confined to 
the distal ureter, as most stenoses are located in the distal transplant ureter. 
We used this technique if pre-revision imaging revealed sufficient good quality 
remaining ureter length. The other techniques were used to correct long lesions 
with insufficient remaining ureter length. In two cases, endoscopic dilation was 
applied. This technique is seldom used because it has a low success rate and a high 
recurrence rate compared with open technique, especially if the obstructive lesion 
is relatively long.7–9 All urological complications after revision of the ureterovesical 
anastomosis occurred in patients who had undergone neoureterocystostomy. 
Rejection and the use of an already compromised transplant ureter by ischemia 
and fibrosis can be the cause of this high re-stenosis rate. We had no urological 
complications in the proximal type of revisions (pyeloureterostomy reconstruction 
and pyelovesicostomy reconstruction). However, a major drawback of a more 
liberal use of a proximal revision method can be the increased operative trauma 
to the patient and the need to do a dissection of the transplant renal hilus, which 
can jeopardize the vascularization of the transplant. In proximal type revisions the 
proximal ureter can safely be ligated without nephrectomy.10

The numbers in our study are insufficient to draw any statistical conclusions 
about the preferred method. Lehmann et al. found a symptomatic re-stenosis rate 
of 9% after native ureteropyelostomy and of 14% after neoureterocystostomy.11

In conclusion, donor ureteral reconstruction, recipient age and delayed graft 
function are important risk factors for surgical revision of ureterovesical anastomosis 
after renal transplantation. Surgical revision of ureterocystostomy does not impair 
graft function and survival. Ureteropyelostomy has a lower recurrent stenosis rate 
than neoureterocystostomy.
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SUMMARY

PART I   SURGICAL ASPECTS OF LIVING DONOR NEPHRECTOMY

Although progress in surgical techniques has made donor nephrectomy a safe 
operation, it is still important to understand the risk factors of this procedure in 
order to minimize the risk of surgical complications as much as possible. In Chapter 
3 we summarize the risk factors of hand-assisted laparoscopic donor nephrectomy 
(HALDN). Obesity increases the risk of postoperative complications related to 
HALDN and results in a higher conversion rate. It does not increase mortality. Intra-
abdominal adhesions resulting from previous surgery also increase the conversion 
rate. Smoking and old age have a negative effect on wound healing after HALDN. 
People with hypertension and glucose intolerance should be considered more 
cautiously as donors, since they have increased risk of renal disease. If both kidneys 
have similar anatomy, right HALDN is preferable to left sided HALDN, as it is a 
quicker procedure (approximately 150 minutes operating time versus 180 minutes 
for the left-side). Due to changing of the criteria for donation in order to meet 
the persistent shortage of donor organs, the population eligible for donation is 
expanding. This can be justified by continuously improving surgical techniques 
and perioperative care, and thereby ensuring an acceptably low risk of donation. 
It is likely that the criteria for donation, such as maximum age and acceptable 
comorbidities, will continue to expand in the future. 

Several new techniques have been described, such as single port laparoscopic 
donor nephrectomy, robotic-assisted surgery and laparoscopic donor nephrectomy 
with transvaginal extraction. There are not enough data to compare these newer 
techniques with the commonly used techniques. 

Surgical site infection (SSI) is a common complication of donor nephrectomy. To 
reduce the risk of postoperative wound infection, we routinely apply gentamicin-
containing collage sponges (GCCS) when closing the wound after HALDN. In 
Chapter 4 we show that GCCS has reduced the number of SSI from 6% to 0%. GCCS 
had no effect on postoperative creatinine levels, so the application of GCCS has 
no negative effect on postoperative kidney function. To minimize the morbidity 
resulting from wound complications after HALDN, we advocate the use of GCCS in 
all living kidney donors when closing the wound. However, the level of evidence 
is low as we did not use a control group, and therefore additional comparative 
studies are needed to affirm these findings. 

To further improve recovery after HALDN, we assessed fast track perioperative care 
in kidney donors: this is described in Chapter 5. Fast track care implemented in other 
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surgical fields has resulted in a shorter hospital stay. In a randomized controlled 
trial, we did not find that fast track perioperative care had a significant effect on the 
duration of hospital stay or on the quality of life of the donors. However, there is a 
trend towards a better quality of life in fast track donors. Median hospital stay was 
reduced by one day in the fast track group, from 4 to 3 days. Possibly our cohort was 
too small to show a significant effect of fast track perioperative care and therefore 
we suggest further evaluation of fast track care in a larger cohort of kidney donors. 
The power calculation was to detect a one-day reduction in hospital stay. The 
median hospital stay was one day shorter in the fast track group but the P-value 
was 0.63. We hypothesize that a larger study could show a significant reduction in 
hospital stay and a quicker recovery after fast track HALDN, as has been shown in 
other fields of surgery. 

 
PART II  SURGICAL ASPECTS OF RENAL TRANSPLANTATION

Just as in kidney donors, wound complications also contribute to postoperative 
morbidity in acceptors. SSI and lymphoceles occurred in 11% of our cohort of 
108 patients as described in Chapter 6. Risk factors for development of wound 
complications were higher recipient age (P < 0.01), higher body mass index (P = 
0.01), urinary tract infections (P = 0.01) and prolonged wound drainage (P = 0.047). It 
can be hypothesized that a wound drain increases the risk of wound complications 
or, conversely, that wound complications increase the amount of fluid production 
and therefore result in prolonged drainage. Wound morbidity did not increase the 
incidence of delayed graft function, acute rejection, graft failure or mortality after 
kidney transplantation. Application of systemic or local antibiotics, such as GCCS 
may be considered in these patients to reduce the risk of wound complications. 
This warrants further investigation. The length of time a drain is left in situ is mainly 
based on traditional thinking and, as in other areas of surgery, one could advocate 
removal within 24 hours or no drain placement at all. 

If the renal transplant fails, it is sometimes necessary to remove the graft. Transplant 
nephrectomy is a procedure with high morbidity and mortality rates. In Chapter 
7, we report a 20% surgical complication rate and half of these patients required 
surgical re-intervention.  Most complications were caused by hemorrhage or 
infection. The mortality rate was 3.2%. There were no significant differences in 
characteristics and timing of transplant nephrectomy between the group with 
surgical complications and the group without. However, there might be a trend 
towards an increase of surgical complications of transplant nephrectomy as the 
time since transplantation increases (odds ratio 1.40, 95% confidence interval 0.61 
to 3.21 after 3.4 years). This has not yet been sufficiently investigated, and it would 
be interesting to study the difference in the occurrence of surgical complications 
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between late and early transplant nephrectomy. Some researchers have suggested 
coiling of the failed renal graft to minimize the risk of bleeding after transplant 
nephrectomy. This has a clear rationale, and by reducing the risk of bleeding 
complications the morbidity of transplant nephrectomy could be reduced. Fewer 
bleeding complications would also lead to fewer postoperative infections due 
to infected hematomas. The standard prescription of antibiotics to patients with 
bleeding complications after transplant nephrectomy is advisable. Some small 
studies have shown promising results of preoperative coiling, however further 
studies are needed.

PART III  UROLOGICAL ASPECTS OF RENAL TRANSPLANTATION

The main complications after renal transplantation are urinary leakage or stricture 
of the ureter. In Chapter 8, we present the results of a systematic review and meta-
analysis on various ureterovesical anastomotic techniques and their relation to 
urological complications. Four techniques were assessed; the intravesical Politano-
Leadbetter (PL) technique, the extravesical Lich-Gregoir (LG) technique, the U-stitch 
(U) technique and full-thickness (FT) technique. Meta-analysis shows that the LG 
technique significantly lowers the risk of ureteral leakage when compared with the 
PL technique, and significantly lowers the risk of hematuria when compared with 
both the PL technique and the U technique. There were no differences between the 
various techniques in the prevalence of ureteral strictures and vesicoureteral reflux. 
These results were adjusted to the use of ureteral stenting, since this is a protective 
factor against urological complications. There is insufficient data to conduct a meta-
analysis on the FT technique. We conclude that the LG technique is superior to the 
PL and U techniques. We therefore advocate the use of a stented LG technique in all 
kidney transplants. Some researchers suggest that selective splinting is sufficient, 
however, there is not enough data to draw any firm conclusions about routine or 
selective stenting. Biodegradable stents would improve patient care, as it is not 
necessary to remove them. Currently, there are no such stents on the market.

One percent of all kidneys have a double ureter. Several small studies have 
described techniques for the ureterovesical anastomosis with a double ureter; 
however, no consensus exists on which technique is to be preferred. In Chapter 
9, we report the results of a case-control study and a review of the literature on 
double-ureter kidney grafts. The ureterovesical anastomosis with a double ureter 
can be performed by creating a common ostium, by making a separate anastomosis 
for each ureter, or by a double U-stitch technique. A double-ureterureterostomy 
has also been described. Regardless of the technique, a double-ureter donor 
kidney is not associated with an increased complication rate and the outcomes 
are the same as for single-ureter donor kidneys. However, there is a trend towards 
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more urological complications when using a common ostium or double U-stitch 
technique. Additionally, the U-stitch technique yields inferior results in a single-
ureter anastomosis, as demonstrated in our systematic review. Therefore, we 
discourage the use of this technique for both single and double ureterocystostomy. 
Nevertheless, transplantation of a kidney with a duplicated ureter is safe.

Urological complications occur in 12% of kidney transplant recipients and surgical 
revision of the ureterovesical anastomosis is necessary in 42% of patients with 
urological complications. The outcome and risk factors for surgical revision of the 
ureterocystostomy are reported in Chapter 10. Most urological complications 
were revised by means of a neoureterocystostomy. The overall surgical success 
rate of urological revision after renal transplantation was 92%. Donor ureteral 
reconstruction, recipient age and delayed graft function are important risk 
factors in the need of surgical revision of ureterovesical anastomosis after renal 
transplantation. If perioperative ureteral reconstruction is necessary to repair 
lesions of the donor ureter, there is a 40-fold increased risk that urological revision 
will be necessary after transplantation. Surgical revision of ureterocystostomy does 
not impair graft function and survival.
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SAMENVATTING

DEEL I   CHIRURGISCHE ASPECTEN VAN LEVENDE DONOR NEFRECTOMIE

De donor nefrectomie is een relatief veilige operatie. Desondanks is het belangrijk 
de risico factoren op complicaties van deze ingreep te kennen om de kans hierop 
zo veel mogelijk te beperken. In hoofdstuk 3 worden de risico factoren van 
handgeassisteerde laparoscopische donor nefrectomie (HALDN) op chirurgische 
complicaties beschreven. Obesitas verhoogt het conversierisico bij HALDN, maar 
heeft geen invloed op de mortaliteit. Intra-abdominale adhesies ten gevolge 
van eerdere operaties verhogen ook de conversiekans. Roken en ouderdom 
vertragen de wondgenezing na HALDN. Donoren met hypertensie en glucose 
intolerantie hebben een verhoogd risico op nierziekten en dienen derhalve met 
terughoudendheid geaccepteerd te worden als nierdonor. Als beide nieren een 
gelijkwaardige anatomie hebben verdient een rechtszijdige HALDN de voorkeur 
boven linkszijdige, vanwege een kortere operatieduur (gemiddeld 150 minuten, 
tegenover 180 minuten voor linkszijdig). De voor nierdonatie geschikte populatie 
breidt zich uit door het versoepelen van de criteria voor donatie, om zo het tekort 
aan nierdonoren te reduceren. Dit wordt onder andere gerechtvaardigd door 
continue verbetering van chirurgische technieken en perioperatieve zorg, waardoor 
er een acceptabel laag risico blijft voor nierdonoren. In de toekomst zullen deze 
criteria waarschijnlijk nog ruimer worden. Inmiddels zijn er verschillende nieuwe 
chirurgische technieken beschreven, zoals de robotgeassisteerde chirurgie en 
laparoscopische donor nefrectomie met transvaginale extractie. Vooralsnog is er 
onvoldoende data om deze technieken te vergelijken. 

Wondinfecties zijn een veelvoorkomende complicatie na donor nefrectomie. 
Om het risico op wondinfecties te verminderen, hebben we een resorbeerbaar 
gentamycine-bevattend collageen matje geplaatst bij het sluiten van de wond na 
HALDN. In hoofdstuk 4 beschrijven we een reductie van wondinfecties van 6% naar 
0% door het gebruik van gentamatjes. We vonden geen invloed van de gentamatjes 
op postoperatief kreatinine. Om de morbiditeit na niertransplantatie te verminderen 
adviseren wij het gebruik van gentamatjes bij alle levende nierdonoren. Het niveau 
van bewijs is echter laag, aangezien er geen controlegroep gebruikt is. Daarom zijn 
additionele vergelijkende studies nodig om deze bevindingen te bevestigen. 

Om herstel na HALDN te bespoedigen hebben wij fast track perioperative zorg 
bij nierdonoren onderzocht, hetgeen beschreven is in hoofdstuk 5. Fast track zorg 
heeft bij andere chirurgische procedures geleid tot een kortere opnameduur. In 
een gerandomiseerde studie vonden we echter geen effect van fast track zorg 
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op de opnameduur of op kwaliteit van leven bij donoren. Wel lijkt er een trend 
te bestaan naar betere kwaliteit van leven bij fast track donoren. De mediane 
opnameduur was van vier naar drie dagen verkort in de fast track groep, maar 
dit was niet significant. Waarschijnlijk was ons cohort te klein om een significant 
effect van fast track zorg aan te tonen en daarom is verdere evaluatie nodig in een 
grotere groep donoren. We verwachten dat een grotere studie wel een significante 
reductie laat zien in opnameduur en mogelijk ook een verbeterde kwaliteit van 
leven. 

DEEL II   CHIRURGISCHE ASPECTEN VAN NIERTRANSPLANTATIE

Net als bij nierdonoren dragen wondproblemen ook bij aan de morbiditeit bij 
ontvangers. Bij 11% van de ontvangers traden wondinfecties en/of lymfocèles 
op, zoals beschreven in hoofdstuk 6. Risicofactoren voor het ontwikkelen 
van wondproblemen waren een hogere leeftijd van de ontvanger (P < 0.01), 
hogere body mass index (P = 0.01), urineweginfecties (P = 0.01) en langdurige 
wonddrainage (P = 0.047). Wondproblemen hebben geen effect op de incidentie 
van vertraagde transplantaatfunctie, acute rejectie, transplantaatfalen of mortaliteit. 
Toediening van systemische of lokale antibiotica middels gentamatten kan worden 
overwogen. Zoals we eerder beschreven hebben gentamatten geen nadelig effect 
op de nierfunctie. Dit behoeft echter verder onderzoek. Het kan betwist worden of 
langdurige wonddrainage het risico op wondproblemen vergroot, of omgekeerd, 
dat wondproblemen meer vochtproductie geven waardoor langere drainage 
geïndiceerd lijkt. De duur van drainage is grotendeels gebaseerd op traditioneel 
gebruik en men zou kunnen pleiten voor het verwijderen van de drain binnen 24 
uur of het geheel weglaten van de drain.  

Als een niertransplantaat faalt is het soms nodig het te verwijderen. 
Transplantectomie is een procedure met een hoge morbiditeit en mortaliteit. 
In hoofdstuk 7 rapporteren we chirurgische complicaties bij 20% van de 
transplantectomie patiënten, waarvan de helft een chirurgische re-interventie 
onderging. De meeste complicaties werden veroorzaakt door bloeding of 
infectie en de mortaliteit bedroeg 3.2%. Er waren geen significante verschillen 
in patiëntkarakteristieken en timing van transplantectomie tussen de groep met 
chirurgische complicaties en de groep zonder. Er lijkt echter een trend te bestaan 
naar een hoger complicatierisico naarmate er meer tijd zit tussen transplantatie 
en transplantectomie (odds ratio 1.40, 95% betrouwbaarheidsinterval 0.61 tot 3.21 
na 3.4 jaar). Dit is nog niet voldoende uitgezocht en het zou interessant zijn het 
verschil in optreden van chirurgische complicaties te onderzoeken tussen vroege 
en late transplantectomie. Sommige onderzoekers hebben gesuggereerd om 
het gefaalde transplantaat preoperatief te coilen om zo bloedingscomplicaties 
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te verminderen. Minder postoperatieve bloedingsproblemen leiden ook tot 
minder infecties op basis van geïnfecteerde hematomen. Het is ook wenselijk om 
patiënten met een postoperatief hematoom na transplantectomie profylactisch 
antibiotica te geven. Enkele studies hebben veelbelovende resultaten getoond 
van preoperatief coilen van het gefaalde transplantaat. Echter, aanvullende studies 
zijn nodig om dit te bevestigen. 

DEEL III   UROLOGISCHE ASPECTEN VAN NIERTRANSPLANTATIE

Het merendeel van de urologische complicaties na niertransplantatie zijn 
urinelekkage of strictuur van de ureter. In hoofdstuk 8 beschrijven we de resultaten 
van een systematic review en meta-analyse over verschillende ureterovesicale 
anastomose technieken in relatie tot urologische complicaties. Vier technieken 
werden bekeken; de intravesicale Politano-Leadbetter (PL) techniek, de extravesicale 
Lich-Gregoir (LG) techniek, de U-stitch (U) techniek en de full-thickness (FT) 
techniek. Meta-analyse toonde aan dat de LG techniek het risico op urinelekkage 
significant verminderde ten opzichte van de PL techniek en dat er significant 
minder hematurie optrad ten opzichte van zowel de PL techniek als de U techniek. 
Er waren geen verschillen in de prevalentie van ureterstricturen en vesicoureterale 
reflux tussen de technieken. Deze resultaten werden gecorrigeerd voor stenten 
van de ureter, aangezien dit een beschermende factor is voor urologische 
complicaties. Er is onvoldoende data om een meta-analyse te verrichten voor de 
FT techniek. Wij concluderen dat de LG techniek superieur is ten opzichte van de 
PL en U technieken. Daarom adviseren we een gestente LG techniek voor alle 
niertransplantaties. Sommige onderzoekers suggereren dat selectief stenten van 
de ureter voldoende is. Er is echter onvoldoende data om hier een uitspraak over 
te doen. Patiënten zouden gebaat zijn bij oplosbare ureterstents, zodat deze niet 
meer verwijderd dienen te worden. Op dit moment zijn dit soort stents nog niet 
beschikbaar. 

Één procent van alle nieren bezit een dubbele ureter. Verscheidene kleine 
studies hebben technieken beschreven voor de ureterovesicale anastomose met 
een dubbele ureter. Er bestaat echter geen consensus over welke techniek te 
prefereren is. In hoofdstuk 9 presenteren we een case-control studie en review van 
de literatuur over niertransplantaties met een dubbele ureter. De ureterovesicale 
anastomose kan in dit soort gevallen gemaakt worden door een common ostium, 
door een separate anastomose van beide ureteren of door een dubbele U-stitch 
techniek. Ook is de dubbele-ureterureterostomie beschreven. Ongeacht de 
techniek lijkt een transplantaat met een dubbele ureter niet geassocieerd met een 
verhoogd complicatierisico en laat het uitkomsten zien die vergelijkbaar zijn met 
nieren die een enkele ureter hebben. Er lijkt echter een trend te bestaan naar meer 
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complicaties bij gebruik van een common ostium of dubbele U-stitch techniek. 
De U-stitch techniek geeft bij nieren met een enkele ureter ook meer complicaties. 
Daarom ontmoedigen we deze techniek voor zowel nieren met een enkele als 
dubbele ureter. Transplantatie van nieren met een dubbele ureter is een veilige 
procedure. 

Urologische complicaties treden op in 12% van de ontvangers van een 
niertransplantaat en chirurgische revisie van de ureterovesicale anastomose is 
nodig in 42% van de patiënten met een urologische complicatie. De risicofactoren 
voor chirurgische revisie van de ureterovesicale anastomose en de uitkomsten 
hiervan worden beschreven in hoofdstuk 10. De meeste urologische complicaties 
werden gereviseerd door middel van een neoureterocystostomie. Het chirurgisch 
succespercentage van urologische revisie na niertransplantatie was 92%. 
Reconstructie van de donorureter, leeftijd van de ontvanger en vertraagde 
transplantaatfunctie zijn onafhankelijke risicofactoren voor chirurgische revisie 
van de ureterovesicale anastomose na niertransplantatie. Als het nodig is om de 
donorureter te reconstrueren voor implantatie, dan is er een 40-maal verhoogd 
risico dat chirurgische revisie na transplantatie noodzakelijk is. Chirurgische revisie 
van de ureterocystostomie heeft geen effect op transplantaatfunctie of overleving.



____
128

APPENDICES

STELLINGEN
“Yeah,  well,  you know,  that’s just,  like,  your opinion, man” - The Dude, The Big Lebowski

1. De Lich-Gregoir technique is de beste methode voor het creëren van de 
ureter-blaas anastomose 

2. Iedere ureter-blaas anastomose dient gestent te worden 

3. De aanwezigheid van een dubbele ureter geeft geen verhoogd risico op 
complicaties na transplantatie 

4. Voor het reviseren van de ureter-blaas anastomose, heeft de ureteroneo-
cystostomie de voorkeur 

5. Het routinematig plaatsen van een gentamatje tijdens donor-nefrectomie 
verlaagt wondmorbiditeit 

6. Fast track perioperatieve zorg geeft geen verbetering van kwaliteit van leven 
na donor nefrectomie 

7. Langdurige wonddrainage is een risicofactor voor wondproblemen of 
omgekeerd, wondproblemen resulteren in langdurige drainproductie 

8. The meaning of a proposition is the method of its verification - Moritz Schlick 

9. Fürchtet doch nicht so den Tod und mehr das unzulängliche Leben - Bertolt 
Brecht 

10. Simplicity is a matter of taste - Stephen Hawking 

11. Destroy to create
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PhD PORTFOLIO
Name PhD student  V.P. Alberts
PhD supervisor  prof. dr. D.A. Legemate & prof. dr. J.J.M.C.H. de la Rosette

1. PhD training Year Workload 
(ECTS)General courses

Introduction to clinical research 2006 0.9
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Ethnicity, health and health care 2008 1.1

Advanced diagnostic research 2008 1.4

Pharmaco-epidemiology and drug safety 2008 1.9

Major determinants and major diseases 2008 1.9
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De eerste SPSS analysen en researchbesprekingen die mijn leven verrijkten vonden 
plaats op de 21e verdieping in Rotterdam. Michiel Bos en Monique Breteler hebben 
mij de eerste kneepjes van de wetenschap bijgebracht, waarvoor dank.

Tijdens mijn co-schap chirurgie in het AMC wist Robert Minnee mij te strikken om 
zijn onderzoek naar niertransplantaties voort te zetten. Zonder hem was u dit nu 
niet aan het lezen, maar iets anders met uw tijd aan het doen. Robert, veel dank 
voor het vertrouwen en jouw begeleiding vanaf het begin. 
Ook Mirza Idu was er vanaf het begin bij. Beste Mirza, jouw vrolijke uitstraling is net 
zo motiverend als jouw openheid en onophoudelijke stroom ideeën voor stukjes. 
Prof. dr. D.A. Legemate, beste Dink, jouw toezegging om mijn promotor te zijn en 
de begeleiding die daarop volgde, hebben het onderzoek tot een hoger niveau 
getild. Een hoogte waarbij met name helicopterview het sleutelwoord was. 

Prof. dr. J.J.M.C.H. de la Rosette en Frederike Bemelman vulden het team aan. Jean, 
dank voor de leuke gesprekken en je nuchtere kijk op de zaak. Frederike, bedankt 
voor jouw bijdrage aan bijna elk artikel in dit boekje. 
De commissieleden wil ik bedanken voor het plaatsnemen in de commissie. 

Het proces waarin deze hete brij langzaam vorm heeft gekregen werd continu 
ondersteund door Els Kuiters. Els, ontzettend bedankt voor jouw hulp met de hele 
organisatie rondom de promotie. Ook dank aan de andere G4-medewerkers. 
Verder dank aan de mede-auteurs: dr. Laguna Pes, dr. van der Pant, dr. Zondervan, 
prof. dr. Hollmann en Matthijs Fockens. Focky, het was een genoegen samen te 
schrijven, zo ook de korte periode Livin’ the Lek Life. 

Behalve schrijven, de SPSS-jungle verkennen en organiseren bevatte mijn tijd als 
promovendus ook enkele congressen, alwaar ik veel gedachte-wisselingen heb 
gehad met Groningers. Dane, Marjolein, Leon, Welmoet: dank voor jullie gezelschap!

Vijf-en-een-half jaar zat er tussen de initiatie van dit promotietraject en de 
daadwerkelijke verdediging. In deze tijd heb ik mijn co-schappen gelopen en 
gewerkt bij de chirurgie in Tergooiziekenhuizen, het AMC en Gelre ziekenhuizen. 

Tergooiers. Chirurgen en assistenten. Als het niet zo ontzettend leuk was bij jullie 
was ik misschien wel gewoon postbode geworden. Jullie team heeft mij laten zien 
hoe leuk het vak is en hoe je zo efficiënt mogelijk een heel chalet kan keren. 
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om dit naast mijn klinische werk te doen. Gelukkig werk jij op vakantie net zo hard 
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weerslag in dit boekje (...). 
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