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chapter 1

Introduction

The prevalence of end-stage renal failure in the Netherlands is 70 per 100 000 residents1. 
The number of kidney transplantations in the Netherlands and at the Academic Medical 
Center, Amsterdam is shown in Figures 1 and 2. Kidney replacement therapy consists of 
dialysis and/or kidney transplantation. Haemodialysis and peritoneal dialysis can lead to 
long-term survival and may bridge patients to kidney transplantation. When compared 
with long-term dialysis, kidney transplantation increases survival and improves quality of 
life2-5. Therefore, kidney transplantation is the therapy of choice for end stage renal disease. 
Kidney allografts are procured from both living and deceased donors. Living donation and 
pre-emptive transplantation in particular, result in better patient and allograft survival than 
does deceased donor transplantation6,7.

History

In 1902 the first successful experimental kidney transplants were performed at the Vienna 
Medical School in Austria8. Emerich Ullmann (1861-1937) transplanted a kidney from one 
dog to another. A few years later in 1906, Mathieu Jaboulay (1860-1913), professor of Sur-
gery in Lyon, France, connected the renal vessels of a sheep’s and a pig’s kidney, respectively, 
to the brachial vessels of two patients who were dying of renal failure9. Neither kidney func-
tioned, but these were the first transplants, albeit xenografts, to be placed in humans. The 
techniques used to join the vessels together during transplantation were those developed 

Figure 1. Kidney transplantation in the Netherlands (1996-2008)
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and described by Alexis Carrel (1873-1944), who was a young surgeon in Jaboulay’s unit, 
and in fact, the techniques of vascular anastomosis described by Carrel are exactly the same 
as those still in use in kidney transplantation today10. For these efforts, Carrel was awarded 
the 1912 Nobel Prize in Physiology or Medicine. 

In 1936, the first deceased human kidney transplant was performed by Yu Yu Voronoy 
in Kherson, Ukraine11. The donor kidney was obtained from a patient who had died after a 
head injury. The kidney never functioned due to an ABO blood type incompatibility. The 
patient died two days later. In 1954, the first successful kidney transplant between identical 
twins was performed by the surgeons Joseph E. Murray and J. Hartwell Harrison in the Peter 
Bent Brigham Hospital in Boston, USA12. The recipient lived another seven years with this 
well-functioning transplanted kidney before dying of heart failure. Murray won the Nobel 
Prize in Physiology or Medicine in 1990. In the early 1960s successful deceased kidney 
transplantation was made possible by the development of the first effective drug to prevent 
rejection, azathioprine13. In 1966, the first Dutch kidney transplantation was performed in 
Leiden by Prof. J.L. Terpstra. The recipient received his kidney from his mother14. The 1980s 
and 1990s were characterised by the advent of a series of completely new immunosuppressive 
agents, which were used either alone or with the drugs already in use, i.e. azathioprine and 
prednisone. These drugs greatly improved long-term survival of the transplanted kidney15. 

Over the past decades, an increasing number of patients suffering from renal insuf ciency 
and a stagnating number of transplants have resulted in a discrepancy between organ 
demand and organ supply. The excellent results of live donation have brought a dramatic 
increase in the numbers of living donor kidney transplantations. New surgical techniques 
have been developed to decrease harm to the donor and to speed up their convalescence. 
In recent years, minimally invasive procedures in removing donor kidneys have gained 
widespread acceptance and have replaced the open technique. The most commonly applied 
techniques are the hand-assisted and the total laparoscopic donor nephrectomy.

Figure 2. Kidney transplantation in the Academic Medical Center, Amsterdam (1986-2008)Figuur 1

Figuur 2
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Current issues in renal transplant surgery 

Hand-assisted laparoscopic donor nephrectomy

Several surgical techniques have been described for taking a renal allograft from a live 
donor. The classical open donor nephrectomy is carried out retroperitoneally through a 
lumbotomy incision below the 12th rib. Disadvantages of this technique are a long hospital 
stay, prolonged postoperative pain, cosmetic problems and slow convalescence. Long-term 
side-effects include denervation of the abdominal wall and less frequently, intractable pain. 
These adverse events are a drawback for potential donors to donate a kidney. Therefore, in 
most centres, over the past decade the open donor nephrectomy has been replaced by less 
invasive techniques. 

A modification of the classical open donor nephrectomy is the muscle-sparing mini-inci-
sion of approximately 7 centimetres. On comparison with laparoscopic donor nephrectomy, 
this approach resulted in slower recovery, more fatigue, a worse quality of life for the donor, 
and equal safety and function for donor and graft16. 

The first laparoscopic donor nephrectomy was performed in 1995 by Ratner and col-
leagues17. This technique has led to a significantly shorter hospital stay, fewer postoperative 
analgesic requirements, improved cosmetics and a quicker return to work. Compared 
with the open technique, laparoscopic donor nephrectomy is associated with less donor 
morbidity and similar allograft function and overall safety, but with increased costs18. 

Hand-assisted laparoscopic donor nephrectomy was first utilised to minimize the learning 
curve of the total laparoscopic donor nephrectomy. Potential advantages of hand-assisted 
laparoscopic donor nephrectomy over conventional laparoscopy include the ability to use 
tactile feedback, less kidney traction, rapid kidney removal and shorter warm ischemic 
periods19,20.In addition, the introduction of hand-assisted laparoscopic donor nephrectomy 
broadens the indications for laparoscopic living donor nephrectomy to include obese do-
nors and donors who have had previous abdominal surgery21. 

There is an ongoing discussion whether right or left donor nephrectomy is to be preferred. 
Most centres prefer to use the left kidney for live kidney donation because the renal vein is 
longer which is advantageous during implantation. However, some surgeons prefer the right 
kidney because it is easier to recover than the left kidney and the risk of splenic laceration 
is decreased22. There are no prospective studies comparing the potential benefits of left- 
and right-sided laparoscopic donor nephrectomy. For this reason we decided to conduct a 
prospective single-centre randomised trial performing either a left or a right sided hand-
assisted laparoscopic donor nephrectomy.

Quality of life

The steadily increasing demand for kidney transplantation has prompted consideration of 
ways to expand the pool of potential donors. The first option is the increased usage of the 
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so-called expanded-criteria deceased kidneys. These kidneys come from donors who are 
either over the age of 60 or donors who are over the age of 50,  with two of the following 
characteristics: a history of hypertension, cerebrovascular injury as cause of death, or a 
creatinine level at any time higher than 130 mmol/L23. The second option is the increase 
in healthy volunteers willing to donate a kidney, which has the largest quantitative effect. 
The use of older living donors remains controversial because of the physiological decline in 
glomerular filtration rate that begins in the third decade of life, and of the increased risk of 
surgical complications for the older kidney donor24. However, data regarding quality of life 
of older living donors is lacking. In this thesis we present a prospective analysis of this issue. 

Surgical complications

The overall incidence of surgical complications after kidney transplant is low, especially 
when compared with non-kidney transplants such as liver or pancreas. Vascular and uro-
logical complications are the most common.

Vascular complications can involve the donor vessels (renal artery thrombosis, renal vein 
thrombosis), the recipient vessels (iliac artery thrombosis, deep venous thrombosis), or 
both, and may result in significant morbidity25. 

Renal artery thrombosis occurs early after transplantation in about 1% of cases, usually 
in small-calibre arteries. Typically, it occurs secondary to a technical problem, such as 
intimal dissection or kinking or torsion of the vessels. Diagnosis is made with colour flow 
Doppler studies. Nephrectomy is generally indicated, especially if thrombosis occurs in the 
perioperative period. Arterial stenosis occurs in 2-10% of cases and is associated with vascu-
lar rejection. It can occur within months or years following transplantation, and is associated 
with the abrupt onset of hypertension. Assessment with duplex ultrasonography has a high 
sensitivity (87.5%) and specificity (100%). First-line treatment for clinically important le-
sions consists of percutaneous interventional techniques, usually angioplasty with or without 
a stent26. Surgery is reserved for stenoses that do not respond to radiological intervention. 

Venous thrombosis occurs in 0.5-4% of cases. Causes include angulation or kinking of 
the vein, compression by haematoma or lymphocele, anastomotic stenosis, extension of an 
underlying deep venous thrombosis, and hypercoagulation. It usually results in graft loss. 
Again, duplex ultrasonography is the best diagnostic tool. 

Venous thromboembolic complications that affect the recipient vessels (deep venous 
thrombosis and pulmonary embolism) are not uncommon. The incidence of deep venous 
thrombosis is close to 5%; the incidence of pulmonary embolism is 1%. Usually two peaks 
in incidence are reported, one early in the postoperative period (likely related to operative

factors), and a second peak around 4 weeks (perhaps related to a rising haematocrit 
level)27. Risk factors include recipients over the age of 40, diabetes, thrombophilic disorders, 
and a history of deep venous thrombosis. 
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Multiple renal arteries are present in 12-33%, while multiple renal veins are present in 
5-10% of the donors28,29. Implantation of kidneys with multiple vessels is associated with 
an increased incidence of vascular complications which could be prevented by additional 
vascular reconstructions during implantation. Therefore, as part of this thesis, we assessed 
the impact of additional vascular reconstructions on graft survival. 

The incidence of urological complications is reported to be 2–10%30. The two major uro-
logical complications after renal transplantation are urinary leakage and obstruction, often 
located at the ureterovesical junction or in the distal transplant ureter. Classically, the two 
major aetiological factors for urological complications after transplantation are surgical-
technical factors and distal transplant ureteric ischaemia. Surgical-technical factors include 
poor harvesting and ureterocystostomy techniques. Preservation of the periureteral vessels 
and fat, reduction of ureteral length, avoiding large incisions in the bladder, avoiding exter-
nal ureteral compression by the vas deferens, and creating a watertight urinary anastomosis, 
all decrease the incidence of urological complications31.

Ureteral obstruction may present early or late. Early obstruction may result from distal 
obstruction, clot, oedema, or technical problems associated with the ureteroneocystostomy.  
Late obstruction is generally due to fibrosis from chronic ischemia and may result in hy-
dronephrosis, which is easily detected by ultrasonography. If a percutaneous nephrostomy 
catheter and expectative management do not resolve the problem, surgical revision of the 
ureteroneocystostomy may be required. Splinting the ureterocystostomy results in a lower 
postoperative urological complication rate32,33. However, in a routine splinting protocol the 
number needed to treat in order to prevent one urological complication is considerable, 
ranging from 10 to 30. To effectively identify patients at high risk of a urological compli-
cation, we tried to identify potential risk factors with the ultimate aim of introducing a 
selective splinting protocol.  

Graft survival 

One-year kidney graft survival has increased remarkably during the past 30 years, mainly 
due to substantial reduction in early rejection episodes and graft losses within the first 
few months after transplantation. The reasons for the high long-term graft survival rates 
among recipients of living donor kidneys are not completely understood. There are certainly 
benefits from elective surgery, when the donor and recipient are in optimal condition, and 
of using living, related kidneys with minimal ischaemia-reperfusion damage. Still, grafts 
that continue to function one year after transplantation fail at an inexorable rate of about 
5% per year, so that on average, half of all primary kidney transplants that survive the first 
post-transplant year will be lost within 13 years. Surprisingly, the rate of late graft failure has 
changed little over the years. Today’s 5-year graft survival rates for living donor transplant 
recipients are 80% (Figure 3). For recipients of deceased kidneys the results are around 70%34. 
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A group particularly liable to end stage renal failure is the population of the Dutch Carib-
bean with an estimated prevalence of 145 per 100 000 residents35, one of the highest in 
the world. In 1998, the St. Elisabeth Hospital in Curaçao and in 2003 the Dr. Horacio E. 
Oduber Hospital in Aruba, began a collaboration with the Academic Medical Center in 
Amsterdam, the Netherlands, the Eurotransplant Foundation, Sanquin Diagnostic Services 
and the Dutch Transplantation Working Group in order to set up a structured transplanta-
tion programme for patients in the Dutch Caribbean who would otherwise need lifelong 
dialysis. These patients were offered the opportunity to be put on the Eurotransplant waiting 
list to receive a deceased donor kidney or to participate in the living donor transplantation 
programme, if a living donor became available. The results of this unique transplantation 
programme are discussed in this thesis.

Aim of this thesis

This thesis focuses on some surgical aspects of kidney transplantation. The studies described 
in part I are examined in order to assess the outcome of the hand-assisted laparoscopic 
donor nephrectomy technique for kidney retrieval and in part II to assess recipient outcome 
with a focus on urological complications.

PART I: Hand-assisted laparoscopic donor nephrectomy

To address the role of hand-assisted kidney donation, we first com pared this technique with 
open donor nephrectomy (Chapter 2). The results of a randomised trial comparing right 
and left donor nephrectomy in living kidney transplantation are presented in Chapter 3. 
The risk factors for delayed graft function after hand-assisted laparoscopic donor nephrec-

Figure 3. Graft survival in the Netherlands. The black line represents the living donor kidney 
transplantation and the grey line the deceased donor kidney transplantation. The X-axis represents years.
Source: Dutch Transplantation Foundation.
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tomy are described in Chapter 4. In Chapter 5 the surgical outcome and quality of life in 
older living donors is examined.

PART II: Surgical technique and outcome

The outcome of additional vascular reconstructions performed during kidney transplan-
tation is described in Chapter 6. Chapter 7 contains the results of potential risk factors 
for implementing a selective stenting ureterocystostomy protocol. The results of a 5-day 
external stented ureterocystostomy protocol are re ported in Chapter 8. In Chapter 9 the 
10-year results of a transatlantic kidney transplant airlift between the Dutch Caribbean and 
the Netherlands are presented. Chapter 10 contains summaries in English and Dutch.
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chapter 2

A comparison of hand-assisted laparoscopic and 
open donor nephrectomy in living donors

R.C. Minnee, F.J. Bemelman, C. Kox, S. Surachno, I.J.M. ten Berge,  
W.A. Bemelman, M.M. Idu

Int. J. Urol 2008; 15: 206-209

•

Although the advent of (hand-assisted) laparoscopic donor nephrectomy has had a positive 
effect on the donor pool, there is still some concern about the increased morbidity and safety 
of the laparoscopic donor nephrectomy. The aim of this study was to compare the results 
of hand-assisted laparoscopic donor nephrectomy (HALD) with open donor nephrectomy 
(ODN). A single-center non-randomized analysis of 202 living donor kidney transplanta-
tions (44 ODN, 158 HALD) between January 1995 and April 2006 was conducted. The left 
kidney was harvested in 75% in the ODN group and 53% in the HALD group (P = 0.009). 
There was no conversion in the HALD group. Mean donor operative time for HALD (174 
min) was longer than for ODN (124 min, P < 0.001). The mean donor hospital stay (4.9 days 
vs 9.6 days, P < 0.001) was significantly less for HALD. HALD had lower mean creatinine 
values at day 7 and 1 month (P = 0.001 and P = 0.002) and lower urological complica-
tion rates (P = 0.02) compared with ODN. The 1-year graft survival rates of the ODN and 
the HALD group were 84% and 95% (P = 0.006), respectively. Hand-assisted laparoscopic 
donor nephrectomy is a safe procedure for a donor nephrectomy with potential benefits 
compared with ODN.

•
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IntRoduCtIon

Living donor kidney transplantation is superior to postmortal kidney transplantation be-
cause of the better patient and graft survival rates, better cost-effectiveness and improved 
quality of life of the recipient1-3. Open living donor nephrectomy is associated with dis-
incentives including long hospital stay, prolonged postoperative pain, cosmetic problems 
and slow convalescence. Long-term side-effects include a denervated abdominal wall and 
less frequently, intractable pain. These disincentives are a drawback for possible donors 
to donate a kidney. With the advent of laparoscopic living donor nephrectomy, a reduc-
tion in hospital stay, fewer postoperative analgesic requirements, improved cosmetics, 
and an earlier return to normal daily activities have been reported4. The advantages of 
hand-assisted laparoscopic donor nephrectomy above conventional laparoscopy include 
the ability to use tactile feedback, less kidney traction, rapid kidney removal and shorter 
warm ischemic periods5,6. In addition, it has broadened the indications for laparoscopic 
living donor nephrectomy to include obese donors and donors with abnormal anatomy 
or previous abdominal surgery. However there are recent reports demonstrating increased 
morbidity of laparoscopic donor nephrectomy7,8. Therefore, we compared our hand-assisted 
laparoscopic donor nephrectomy (HALD) with our open donor nephrectomy (ODN) at our 
institution during the last 11 years.

PAtIents And metHods

donors

Between January 1995 and April 2006 202 living donor nephrectomies were carried out (158 
HALD and 44 ODN) at the Academic Medical Center, Amsterdam. Specific preoperative 
donor evaluation included blood and urine examination, angiography, pyelography and 
renal scintigraphy. From January 1995 to December 1999 ODN was carried out. From Janu-
ary 2000 HALD was introduced for living donor nephrectomy.

After introduction of the HALD, ODN was no longer carried out. Data from HALD were 
collected prospectively and data from ODN were collected retrospectively. The presence of 
multiple renal arteries was no contraindication for donation if reconstruction was feasible 
ex vivo before transplantation.

donor operative procedure

Open donor nephrectomy was carried out retroperitoneally through a lumbotomy inci-
sion below the 12th rib and included resection of a part of this rib. HALD was carried 
out transperitoneally. After open dissection of the distal ureter and gonadal vein through a 
7–8-cm Pfannenstiel incision, the non-dominant operator’s hand was introduced through a 
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handport (Omniport, Advanced Surgical Concepts, Wicklow, Ireland) and two 10–12-mm 
trocars were placed. A maximum insufflation pressure of 12 mmHg was used. After full 
mobilization of the colon and the kidney, the hilar structures were dissected. Transsection 
of the artery was carried out with metal clips, while an endoscopic stapler (Endopath ETS 
Compact Linear Cutter, Johnson & Johnson, Dilbeek, Belgium) was used to transect the 
renal vein. The kidney was extracted through the Pfannenstiel incision and flushed and 
preserved with cold University of Wisconsin solution (UW).

Recipients

Implantation of the kidney was carried out directly after the donor nephrectomy via the 
extra peritoneal approach in the iliac fossa. After successful transplantation all patients were 
followed for at least 1 year. A urological complication was defined as any urinary fistula 
(leakage) and/or ureteral obstruction within 1 month. 

Standard immunosuppression before 1999 consisted of prednisone and ciclosporin; 
thereafter it consisted of prednisolone, ciclosporin and mycophenolate mofetil. From 2002 
on, with the increase of totally human leukocyte antigen (HLA) mismatched donors, anti-
CD25 monoclonal antibody (basiliximab) was added as induction therapy. First episodes of 
acute rejection were treated with pulse doses of methylprednisolone. Second episodes were 
treated with anti-thymocyte globulin (ATG). 

statistical analysis

In the univariate comparison, donor and recipient details of both groups were compared 
using χ2 test (discrete data) or Mann–Whitney U-test (continuous data) as indicated. The 
1-year graft survival rate was calculated by the Kaplan-Meier technique and the log-rank 
test. P < 0.05 was considered statistically significant. For statistical analyses the SPSS soft-
ware package (SPSS, Chicago, IL, USA) was used.

Results

donors

The donor characteristics are presented in Table 1. The left kidney was harvested in 75% 
in the ODN group and 53% in the HALD group (P = 0.009). No conversions in the hand-
assisted group were necessary. The mean operation time was longer in the HALD group 
(173.8 ± 43.7 min) compared with the ODN group (123.7 ± 31.9 min) (P < 0.001). The mean 
hospital stay for the HALD technique (4.9 ± 2.0 days) was shorter compared with the ODN 
group (9.6 ± 5.1 days) (P < 0.001).

There was no significant difference between both groups regarding multiple arteries, 
multiple veins and warm ischemic time. Although the laparoscopic group had a higher 
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preoperative and postoperative complication rate, especially minor complications, this dif-
ference was statistically not significant (P = 0.35 and P = 0.28) (Table 2). 

Recipients

Recipient characteristics are presented in Table 3. The operation time was longer in both the 
left and the right group of the HALD group compared with the ODN group (P = 0.04 and 
P = 0.01). Direct renal transplant function (defined as no need for post-transplant dialysis) 
was higher in the HALD group compared with the ODN group (P < 0.001).

ODN had a significantly higher risk for urological complications compared with the HALD 
group (P = 0.02). The hospital stay was longer with the ODN technique in comparison with the 
HALD technique (P = 0.001). The mean creatinine values at day 7 and 1 month were better in the 
HALD group in comparison with the ODN group (P = 0.001) respectively (P = 0.002). However, 
this difference was not detectable at 1 year after transplantation. The 1-year renal graft survival 
rates of the ODN group and the HALD group were 83% and 96% (P = 0.006), respectively.

dIsCussIon

In the present study, HALD is associated with a shorter hospital stay for donors and re-
cipients, a higher direct renal transplant function rate, lower acute rejection rate and lower 
post-transplant serum creatinine levels. These findings are in contrast to the reports of 
others who have raised the issue of suboptimal graft function, donor safety and increased 

table 1. Characteristics of the 202 living kidney donors

        univariate analysis

Variable open (44) laparoscopic (158) p¹

Age (mean ± SD) 44.7 ± 10.6 46.7 ± 12.5 0.31

Female sex (%) 25 (57) 78 (56) 0.90

Weight (mean ± SD) 70.3 ± 10 75.6 ± 14.2 0.46

Prior abdominal operation (%) 4 (24) 47 (30) 0.56

Related donor (%) 34 (79) 98 (62) 0.04

Left kidney (%) 33 (75) 84 (53) 0.009

Multiple arteries (%) 10 (23) 33 (21) 0.62

Multiple veins (%) 2 (5) 4 (3) 0.48

WIT (minutes, mean ± SD) 3.1 ±0.3 3.2 ± 1.9 0.42

Operation time (minutes, mean ± SD) 123.7 ± 31.9 173.8 ± 43.7 <0.001

Blood transfusion (%) 4 (9) 6 (4) 0.15

Conversion rate NA 0  

Hospital stay (days, mean ± SD) 9.6 ± 5.1 4.9 ± 2.0 <0.001

¹ χ2 test or Mann-Whitney U Test; NA = not applicable; WIT = warm ischemic time
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recipient morbidity after laparoscopic donor nephrectomy9,10. The present study indicates 
equal donor and recipient morbidity for both groups. The complication rate in the HALD 
donor groups was slightly higher and these were all minor complications. The difference 
in numbers of preoperative and postoperative complications can be explained by the com-
plications of the prospectively followed HALD group being more accurate. This bias can 
especially be more prominent in the minor complication group.

The fact that our laparoscopic technique seems not inferior to the open donor nephrectomy 
might be due to advantages of the hand-assisted technique over the conventional laparoscopic 
donor nephrectomy. HALD has the advantage of tactile feedback to dissection, retraction, ex-
posure and controlling bleeding. In addition, the final stages of vascular stapling and kidney 
removal are safer and rapid5,6. Several studies reported a shorter operative and warm ischemia 
times in the HALD group compared with the conventional laparoscopic group5,6. Because 
of our hand modality no conversion was necessary. Laparoscopic vascular stapling devices 

table 2.  Number of preoperative and postoperative complications.

 

open laparoscopic 

p(n=44) (n=158)

All Preoperative complications  2 (4.5) 8 (5)  0.9

Minor complications      

  Renal vascular injury   3  

  Minor bowel injury   2  

  Splenic capsular tear   1  

Major complications      

  Major vascular injury 2    

  Bleeding > 2 uPRBC’s    2  

All Postoperative complications 3 (6.8)  17 (10.7)  0.4

Minor complications      

  Wound infection   1  

  Ileus   3  

  Testicular swelling   3  

  Hematoma 1 2  

  Urinary tract infection   2  

  Pneumonia   2  

  Pneumothorax 1    

  Phlebitis 1    

  Cardiac arrhythmias   1  

  Haematuria   1  

Major complications      

  Re-exploration due to bleeding   1  

  Deep venous thrombosis   1  

¹ χ2 test; uPRBC = units of packed red blood cells
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resulted in shorter length of renal artery and veins. These aspects can explain the significant 
increased operation time in our study for the recipient operations in the HALD group.

Factors postulated to contribute to the slower recovery of renal function in recipients of 
laparoscopical donor nephrectomy reported to date include longer warm ischemic time 
and increased intra-abdominal pressure created by the pneumoperitoneum. Pneumoperi-
toneum has a significant effect on renal hemodynamics. Harmann et al. demonstrated that 
with an intra-abdominal pressure of 20 mmHg, renal blood flow and glomerular filtration 
rate decreased to less than 25% of normal11. The use of a low insufflation pressure of 12 
mmHg and shorter operating times might explain these differences.

The mini-incision muscle splitting ODN has been introduced as another minimal-inva-
sion alternative for conventional laparoscopic donor nephrectomy12,13. However two recent 
studies demonstrated that mini incision donor nephrectomy is inferior to laparoscopic 
donor nephrectomy12,13. 

The advantages of the Pfannenstiel incision used in our HALD are the cosmetically su-
perior location of the incisions and the lower incidence of incisional hernia than a midline 
laparotomy14,15. 

The lower rejection rate and better 1-year graft survival in the recipients of our HALD 
group is most likely due to a difference in immunosuppressive drug regimen. Up to 2002, 

table 3. Characteristics of the renal  transplant recipients

        univariate analysis

Variable open (44) laparoscopic (158) p¹

Age (mean ± SD) 39.3 ± 14.4 41.0 ± 15.8 0.48

Female sex (%) 23 (53) 58 (37) 0.06

Second kidney transplantation (%) 1 (2) 12 (8) 0.20

Third or fourth kidney transplantation (%) 1 (2) 4 (3) 0.92

Preemptive transplants (%) 9 (23) 35 (23) 0.93

Operation time (mean ± SD)      

  Left donor kidney 180.6 ± 31.7 197 ± 43.9 0.04

  Right donor kidney 172.6 ± 27.7 209.6 ± 51.5 0.01

Peroperative complications (%) 6 (14) 16 (10) 0.51

Direct function2 (%) 34 (77) 148 (94) 0.001

Acute rejection (%) 16 (36) 33 (21) 0.03

Urological complications (%) 10 (23) 15 (10) 0.02

Hospital stay (mean ± SD) 18.0 ± 13.6 12.7 ± 13.6 <0.001

Mean serum creatinine (μmol/L ± SD)      

  Median day 7 (range) 168 (33-1120) 113 (19-1381) 0.001

  Median 1 month (range) 146 (22-1280) 117 (22-1020) 0.002

  Median 1 year (range) 121 (61-816) 122 (43-1537) 0.44

  One year graft survival (%) 37 (83) 150 (94) 0.006*

¹ χ2 test or Mann-Whitney U Test; * log-rank test; 2 no need for post-transplant dialysis, 



23

Laparoscopic versus open donor nephrectomy

patients did not receive prophylaxis with anti-CD25 monoclonal antibodies. In addition, 
from that time point we applied a calcineurin dosage regimen based on a flexible Bayesian 
forecasting technique, resulting in a more optimal therapeutic index16. The early laparo-
scopic donor nephrectomy series reported much higher rates of ureteric complications17. 
With technical modifications by which the ureter and the gonadal vessels are dissected 
together and by careful protection of the ‘golden triangle’, this complication has reduced 
significantly. In the randomized trial by Simforoosh et al. the ureteric complication rate for 
ODN was 2%, compared with 0% for laparoscopic donor nephrectomy2. In our series the 
ureteric complication rate for ODN was 23%, compared with 10% for HALD. The increased 
visualization of the distal half of the ureter with the HALD technique compared with the 
ODN technique can explain the difference in the urological complication rate in our study.

Because of the temporal difference between the HALD and ODN group, other non-
surgical factors such as changing immunosuppression regime, and improving clinical 
management can also influence the results. Therefore, it is not certain that HALD alone 
causes better results (e.g. hospital stay, renal function, graft survival) in this study.

However the results of HALD were at least as effective as the ODN and it did not lead 
to reduced early graft function and graft survival rates. The increased complication rate, 
although not significant, needs attention and is the subject for further studies.

In conclusion, hand-assisted laparoscopic donor nephrectomy is a safe procedure and our 
first choice in living donor nephrectomy.
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•

 There is an ongoing discussion in living renal transplantation whether the right or the left 
donor nephrectomy is to be preferred if both kidneys are equal, due to the lack of prospec-
tive studies. A prospective single-center randomized trial was conducted from April 2002 
to September 2006, in which 60 eligible consecutive donors were randomized to either left-
sided or right-sided hand-assisted laparoscopic donor nephrectomy (HALDN). Primary 
endpoint was operation time. Secondary endpoints were donor morbidity, warm ischemia 
time, delayed graft function, urological complications, quality of life, and graft survival. 
Median operating time for left-sided HALDN (180 min) was significantly longer compared 
with right-sided HALDN (150 min; P=0.021). There were no conversions in both groups. 
There were no major intra- or postoperative complications. One-year graft survival rate was 
96% in the left group versus 93% in the right group (P=0.625, log rank). Operating time of 
HALDN of the right kidney is significantly shorter than HALDN of the left kidney. No dif-
ferences were detected in complication rates and graft survival between left and right-sided 
donor nephrectomy.

•
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IntRoduCtIon

The number of living donor transplantations has increased during the past 20 years due to 
the shortage of deceased kidney donors and an increased number of patients on the waiting 
list for renal transplantation. Living donor kidney transplantation is superior to deceased 
donor kidney transplantation because of the better patient and graft survival rates, better 
cost-effectiveness, and improved quality of life (QoL) of the recipient1,2. Traditional open 
living donor nephrectomy through flank incision is associated with disincentives including 
long hospital stay, prolonged postoperative pain, cosmetic problems, and slow convales-
cence. These disincentives might be a drawback for potential donors to donate a kidney. 
With the advent of laparoscopic living donor nephrectomy, a reduction in hospital stay, less 
postoperative analgesic requirements, improved cosmetics, and an earlier return to normal 
daily activities have been reported3.

There is an ongoing discussion whether the right or the left kidney donor nephrectomy is 
to be preferred. Most centers prefer to use the left kidney for live kidney donation because 
of the longer renal vein, which is advantageous during the implantation. However, some 
surgeons prefer the right kidney because it is easier to recover than the left kidney and the 
risk of spleen laceration is decreased4. A recent study demonstrated the negative effect of 
longstanding pneumoperitoneum on kidney function. Reduction of operation time with 
maintenance of the beneficial effect of the minimal invasive aspect of the laparoscopic 
donor nephrectomy is essential5. There are no prospective studies comparing the outcome 
of left-sided versus right-sided laparoscopic donor nephrectomy in terms of operating time. 
Therefore, a prospective single-center randomized trial was conducted performing either a 
left- or a right-sided hand-assisted laparoscopic donor nephrectomy. 

PAtIents And metHods

Sixty consecutive patients were included in the study from April 2002 to September 2006. 
The trial flow diagram was shown in Figure 1. The median follow-up period was 12 months. 
Specific preoperative donor evaluation included blood and urine examination, angiography, 
pyelography, and renal scintigraphy. 

Nephrologists enrolled the donors. Inclusion criteria were donors with age greater than 
18 years, an identical kidney with regard to renal vascular anatomy, renal function, urinary 
tract, and written informed consent. Surgeons assigned the donor for randomization if 
both kidneys had symmetrical function and anatomy and were feasible for transplantation. 
Unilateral multiple arteries were excluded. Cases of bilateral multiple arteries were only 
included in the study if both kidneys were judged transplantable by the surgeon. 
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All procedures were done by two surgeons (W.A.B. and/or M.M.I.). The randomization 
was not stratified by surgeon. Both surgeons had done at least 20 hand-assisted donor 
nephrectomies of the left as well as of the right kidney.

After completing preoperative QoL questionnaires, patients were allocated to one of the 
two groups using sealed opaque envelope randomization. Randomization was done by an 
independent research fellow. There was no sequence of randomization because the enve-
lopes were picked randomly and had no numbers on the outside. The surgeon was informed 
about the randomization outcome 1 hour before the operation. The study was approved by 
the Medical Ethical Committee in the Academic Medical Center Amsterdam. 

donor surgical technique 

The hand-assisted laparoscopic donor nephrectomy (HALDN) was done transperitoneally6. 
After open dissection of the distal ureter and gonadal vein through a 7–8 cm Pfannenstiel 

Figure 1. Trial flow diagram. *Lost to follow-up only for the questionnaires. Clinical data from these 
patients were not lost to follow-up and they were used in the clinical analysis.
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incision, the nondominant operators’ hand was introduced through a handport (Omniport, 
Tyco Healthcare, Hampshire, UK) and two 10- to 12-mm trocars were placed. The insuffla-
tion pressure was maximally 12 mmHg. The right or left colon was then mobilized. After 
transecting the ureter distally, the renal artery was transected with metal clips, while an 
endoscopic stapler (Endopath ETS Compact Linear Cutter, Johnson & Johnson, Dilbeek, 
Belgium) was used to transect the renal vein. The kidney was extracted through the Pfan-
nenstiel incision and cold flushed and preserved with University of Wisconsin solution.

Recipients

Implantation of the kidney was done directly after the donor nephrectomy via the extra-
peritoneal approach in the iliac fossa. After successful transplantation, all recipients were 
followed for at least 1 year. After 1 year follow-up, patients were transferred to the referral 
center. Standard immunosuppression consisted of prednisone, a calcineurin inhibitor, my-
cophenolate mofetil, and prophylactic anti-CD25 monoclonal antibody (basiliximab). First 
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.

Postoperative care

Postoperatively, all patients were treated equally with regard to feeding, pain regulation, 
mobilization, and postoperative care. The donor and a study-independent physician deter-
mined timing of discharge. Donors were seen at our outpatient department at 6 weeks, 3 
months, and 1 year after donation.    

Primary and secondary endpoints

The hypothesis was that donors who underwent a right-sided HALDN would have a shorter 
operation time. Operation time served as primary endpoint. Secondary endpoints were do-
nor morbidity, warm ischemia time, delayed graft function, urological complications, and 
graft survival. Various questionnaires were also set as secondary endpoints. Postoperative 
QoL was measured with the Short-Form 36 Health Survey (SF-36)7, the Gastro-Intestinal 
Quality of Life index (GIQLI)8 and the Multidimensional Fatigue Inventory-20 (MFI-20)9. 
The SF-36 is a generic QoL measurement that assesses eight health concepts: physical func-
tion, role physical, bodily pain, general health perceptions, vitality, social functioning, role 
emotional and mental health. The GIQLI is a gastrointestinal specific questionnaire. To 
measure fatigue, the MFI-20 was used. Furthermore, a 0 to 10 visual analogue scale (VAS) 
measure of pain in rest/motion and nausea was analyzed. Acute rejections were recorded 
and analyzed.
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data collection

Operative time was defined as time elapsed from skin incision to placement of the final 
skin suture. Warm ischemic time was defined as time elapsed from clamping of the renal 
artery to initiation of cold perfusion with University of Wisconsin solution. Urinary tract 
infections, wound infections, lymphoceles, and pulmonary infections were considered mi-
nor complications. Bleeding with transfusion of packed red blood cells, reoperation, graft 
failure, and prolonged ileus (>5 days) were considered major complications. Hospital stay 
was counted in days from the operating day to the day of discharge. The manuscript was 
written with the Consort Statement as guidance. 

statistical analysis and power analysis

Patients were analyzed according to the intention to treat principle. A power analysis (α = 
0.05, β = 0.1) was based on operation time. A difference in operating time of 30 minutes 
(150 minutes ± 30 minutes for the right group and 180 minutes ± 30 minutes for the left 
group) between the two groups was considered as a clinical significant difference related to 
the total operation time. This difference revealed that a sample size of 25 donors had to be 
included in each arm. A drop-out of 20% was anticipated and therefore a group size of 2 x 30 
patients was included. Both groups were compared using chi-square test (discrete data) or 
Mann-Whitney U test (continuous data) as indicated and 90% ranges are used. Differences 
in quality of life were compared by repeated measurement analysis of variance. Survival 
analysis was performed by the Kaplan–Meier technique and the log-rank test. A p-value 
of < 0.05 was considered statistically significant. For statistical analyses the SPSS software 
package (SPSS, Chicago, Illinois, USA) was used. 

Results

Characteristics, surgical outcomes and postoperative outcomes of donors and recipients 
were shown in Table 1. 

donors

Median operating time for left HALDN was significantly longer (180 min, range 117–266) 
compared with right HALDN (150 min, range 92–219, 95% confidence interval [CI] 
3.93–46.38, P=0.021; Figure 2). The mean difference of operating time was 25 min (95% CI 
4–46). There were no conversions in both groups. Intraoperative complications occurred in 
three patients (10%) during left HALDN: bleeding in two and one lesion of a polar artery. 
Four intraoperative complications (13%) occurred during right HALDN: two serosal lesions 
of the colon, bleeding in one, and one lesion of a polar artery. None of the patients with 
intraoperative bleeding needed intra- or postoperative blood transfusion. However, it was 



Chapter 3

30

necessary to introduce an extra 5-mm trocar during the operation to assist in controlling 
the bleeding. None of the patients with a serosal lesion of the colon needed a colonic repair. 
All polar artery lesions were repaired successfully before implantation. Minor postoperative 
complications after left HALDN were a swollen testicle and a supraventricular tachycardia. 
Both were treated conservatively. No minor postoperative complications occurred in the 
right HALDN group. No major postoperative complications occurred in either group. 

tabel 1. Baseline characteristics, surgical and postoperative outcomes.

          univariate analysis

  Variable  left ( n = 29) Right ( n = 31) p¹·²

Baseline donor and Recipient Characteristics 

  donor      

  Age, median years (range) 50 (23-74) 46 (21-62) 0.328

  Male/female 15/14 13/18 0.617

  Body mass index (kg/m²) 26.2 (21-34) 24.9 (19-34) 0.367

  Prior abdominal operation (%) 9 (31) 12 (39) 0.725

  Multiple arteries (%) 1 (3) 4 (13) 0.392

  Multiple veins (%) 4 (14) 0 (0) 0.105

  Recipent      

  Age, median years (range) 47 (17-68) 48 (15-72) 0.473

  male/female 20/9 20/11 0.927

  Renal transplantation (%) 4 (14) 1 (3) 0.311

surgical and Postoperative outcomes 

  donor      

  Conversion to open donor nephrectomy 0 0  

  Operating time median minutes (range) 180 (117-266) 150 (92-219) 0.021

  Warm ischemic time median minutes (range) 3 (2-5) 3 (1-4) 0.853

  Blood loss median ml (range) 60 (10-1000) 55 (25-1200) 0.718

  Intraoperative complications (%) 3 (10) 4 (13) 1.000

  Postoperative complications (%)      

  minor 2 (7) 0 (0) 0.443

  major 0 (0) 0 (0) 1.000

  Hospital stay median days (range) 4 (2-7) 4 (2-7) 0.322

  Recipent      

  Operating time median minutes (range) 138 (99-229) 148 (107-267) 0.379

  Acute rejection 3 (10) 6 (19) 0.539

  Ureteral complications      

  Percutaneous nephrostomy catheter 3 (10) 2 (7) 0.938

  Surgical re-intervention 2 (7) 1 (3) 0.953

  One-year graft survival³ 1/22 96%  2/22 93% 0.631

¹ χ2 test; ² Mann-Whitney U Test; ³ log rank;
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Recipient

Median operating time for transplantation was 138 min (range 99–229) in the left group 
and 148 min (range 107–267) in the right group (P=0.379). No grafts were used for vascular 
reconstruction. A total of 58 kidneys were transplanted to the right iliac fossa and two into 
the left fossa. Four renal grafts required arterial reconstruction due to two renal arteries. In 
all cases, a common ostium was performed. There was no statistically significant difference 
between both groups in the number of patients with a urological complication. No graft 
thrombosis occurred in both groups. Delayed graft function occurred in two patients: one 
in the left group and the other in the right group. One-year graft survival rate was 96% 
in the left group versus 93% in the right group (P=0.625, log rank). Three grafts were lost 
during follow-up (one left and two right kidneys), all caused by histological proven humoral 
rejection, resistant against immunosuppressive drug therapy and plasmapheresis. They were 
lost at 26, 27, and 112 days after the operation.

Quality of life

At 3 to 6 months after surgery, all patients had a similar QOL equal to the situation before 
surgery. There were no significant differences between both HALDN groups in pain VAS 
scores at rest, while moving/coughing, or nausea (Fig. 3) at any moment during follow-
up. There were no significant differences between both HALDN groups in all of the eight 
dimensions of the SF-36, in total GIQLI score, or in the MFI-20 at any moment during 
follow-up (Figs. 4 and 5) 

Figure 2. Operating time of the left and right donor nephrectomy. The horizontal line in the box 
represents the median. The boxes denote the 25th and 75th percentile while the thin vertical line extends 
to the minimum and maximum.
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dIsCussIon

We demonstrated that right-sided HALDN is associated with a significantly shorter 
operating time of a median of 30 min. The shorter operation time for the right HALDN 
is probably the result of the lower position of the right kidney, less extensive colonic 
dissection needed for right-sided HALDN, and no side-branches of the right renal vein. 
Many surgeons prefer the left kidney for a donor nephrectomy because of the longer renal 
vein, which makes implantation less demanding10,11. However, drawbacks of the left-sided 
HALDN are higher chance of lacerating the spleen during laparoscopic mobilization of the 
splenic flexure of the colon and handling of the lumbar and supra-adrenal side branches 
of the left renal vein. A major drawback for using the right kidney is the shorter length of 
the renal vein. Transection of the renal vein with a laparoscopic vascular stapler leads to 
additional loss of available length necessary for implantation. Additional drawbacks are the 
need for liver displacement, potentially caval vein bleeding and the increased incidence of 
vascular thrombosis as reported in some studies12. In our study, no renal vein thrombosis 
occurred and we did not have to use any additional venous reconstruction to extend the 
right renal vein. 

Lind et al. also reported shorter operation time for the right-sided laparoscopic donor 
nephrectomy compared to left-sided laparoscopic donor nephrectomy4. However, Husted et 
al. revealed no difference in operating time between both groups13. An early study of right-
sided laparoscopic donor nephrectomy described poor outcomes14. A recent non randomized 
study reported identical results using left-sided laparoscopic donor nephrectomy15.

Our right sided operating time of 150 minutes is comparable with other studies using 
HALDN12,15. However, our left sided operating time of 180 minutes is shorter compared 
with other studies16,17.

Figure 3. Postoperative pain as measured with VAS scores (mean ± 2 SEM). The x-axis represents the time 
after surgery.
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The operating time for the left donor nephrectomy may be reduced by using a midline 
incision instead of a Pfannenstiel incision18. With this approach, the upper pole of the left 
kidney may be easier to reach with the nondominant operators’ hand. This may lead to less 
traction on the vessels and a lower risk of spleen laceration. However, the midline incision 
is more visibly prominent on the abdomen and is cosmetically inferior to the Pfannenstiel 
incision.

A recent systematic review stated that there appears to be sufcient evidence to conclude 
that both renal function and renal blood flow are decreased during pneumoperitoneum. 
The magnitude of the decrease is dependent on factors, such as preoperative renal func-

Figure 4. Pre- and postoperative results as measured with SF-36 questionnaire (mean ± 2 SEM). The 
x-axis represents the time when the questionnaires were done. One of the eight dimensions is presented: 
physical functioning.
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Figure 5. Pre- and postoperative results as measured with GIQLI questionnaire (mean ± 2 SEM). The x-axis 
represents the time when the questionnaires were done.
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tion, level of hydration, level of pneumoperitoneum, patient positioning, and duration of 
pneumoperitoneum5. This review supports the principle to choose the operation with the 
shortest operation time. The 30-minute difference in our study is a considerable operative 
time reduction when one relates it to a total operation time of 150 min for a right donor 
nephrectomy.

Although our study was only powered to detect a significant difference in operation time, 
we did not detect any significant differences in donor hospital stay, donor intra- and post-
operative complication rate, donor quality of life aspects, or renal graft survival between 
left- or right-sided donor nephrectomy. No grafts were lost due to technical reasons.

There were no conversions in our study. Intraoperative bleeding during the HALDN was 
easy to control digitally and was resolved without recourse to emergency laparotomy or 
blood transfusion. Our intraoperative complication rate (13%) is comparable with other 
HALDN groups 0%-12%12,17. In our study, two patients (3%) had minor complications and 
no major complications were presented. Major postoperative complication rates vary be-
tween 0% and 6%12,17. 

Renal vascular anatomy was an important reason for a preferred side and therefore an 
exclusion criterion. Multiple arteries were used only if they were bilateral and both kidneys 
were judged transplantable by the surgeon. Recent studies demonstrated the safety of kidney 
transplantation with multiple arteries19,20.

No significant differences in postoperative quality of life between the left and right group 
were visible as measures by pain and nausea VAS score, SF-36, GIQLI, and MFI-20. Quality 
of life decreased significantly immediately after surgery, but was regained within 3 to 6 
months after surgery. These results conform to a systematic review, which recorded that 
most donors experience no change or an improvement in their quality of life after dona-
tion21.

The main limitation to this study is the small sample size. The sample size was calculated 
on a difference in operating time and therefore we cannot make any conclusions about dif-
ferences in other items than operation time between left- and right-sided HALDN. A donor 
nephrectomy without complications and successful function in the recipient transplanta-
tion are important endpoints. Nowadays many studies in the literature are reporting low 
complication rates and high graft survival rates. To compare these endpoints between left- 
and right-sided HALDN, a study with such a larger sample size is needed, but such a study 
may not be feasible. Because of the negative effect of longstanding pneumoperitoneum on 
the kidney, reduction in operation time with preservation of the minimal invasive nature of 
a laparoscopic donor nephrectomy is essential.  

In conclusion, operating time of HALDN of the right kidney is significantly shorter than 
HALDN of the left kidney. There are no differences in morbidity of donor and recipient, 
hospital stay, or donor QoL. 
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•

Occurrence of delayed graft function (DGF) has a negative impact on the results of living 
kidney transplantation. The objective of this study was to investigate potential risk factors 
for DGF. All 200 consecutive living donors and recipients between January 2002 and July 
2007 were prospectively studied. DGF was defined as the need for dialysis within the first 
postoperative week, was assessed and the associate risk factors were analysed. DGF was 
diagnosed in 12 patients (6%). Intraoperative and postoperative complications occurred in 
10 donors (5%) and 24 donors (13.5%). One-year graft survival of kidney with and without 
DGF were respectively 52 % and 98% (p<0.001). Two univariate donor risk factors for DGF 
were identified: lower counts per second at peak activity during renal donor scintigraphy 
and multiple renal veins. For the recipient only the second or more kidney transplantation 
and acute rejection were significant factors. Multivariate analysis revealed an increased risk 
of delayed function for presence of multiple renal veins (odds ratio (OR) 151.57, 95% con-
fidence interval (CI): 2.53-9093.86) and acute rejection (OR 78.87, 95% CI: 3.17-1959.62). 
HALDN is a safe procedure. The presence of multiple renal veins and acute rejection showed 
to be independent risk factors for delayed function.

•



Chapter 4

38

IntRoduCtIon

Since the first laparoscopic donor nephrectomy in 1995, laparoscopic donor nephrectomy 
is being performed in an increasing number of centers1. The main advantages as compared 
to open donor nephrectomy are: reduction in hospital stay, less postoperative analgesic 
requirements, improved cosmetics, earlier return to normal daily activities and a better 
conserved abdominal wall2. 

Disadvantages are the high costs of required disposable surgical material and longer 
operation times. The hand-assisted modality was introduced to facilitate the laparoscopic 
donor nephrectomy. The advantages of hand-assisted laparoscopic donor nephrectomy 
(HALDN) above conventional laparoscopy include: the ability to use tactile feedback, low 
conversion rates, rapid kidney removal and shorter warm ischemic periods. 

There are concerns regarding donor safety, increased morbidity and graft survival after 
(hand-assisted) laparoscopic donor nephrectomy3-5. The relative long-operation time, the 
presence of pneumoperitoneum, and more extensive kidney manipulation during the opera-
tion compared to open surgery can have a negative impact on the early post-transplantation 
function and causes a delayed graft function (DGF). DGF has a negative effect on kidney 
function and survival6-8. In this prospective single center study we evaluate the results in 
200 consecutive HALDN with the primary aim to identify potential risk factors for DGF.

metHods

Patient selection

We prospectively followed the first 200 HALDN procedures from January 2000 to July 2007 
at the Academic Medical Centre, Amsterdam. Preoperative donor evaluation included 
blood and urine examination, intra-arterial digital subtraction angiography, pyelography 
and renal scintigraphy. After March 2006, the angiography was replaced by computed 
tomography angiography (CTA) to assess vascular and ureter anatomy. An assessment of 
glomular filtration rate was made in all donors. Donor assessment and selection are based 
on the UK guidelines for living donor kidney transplantation9,10. 

Initially the right kidney was preferred because at that time the first reports of left-sided 
laparoscopic donor nephrectomy were less favourable11. With increased experience, we 
explanted left kidneys as well. In case of an asymmetric renal vascular anatomy we choose 
the kidney with the lowest number of renal arteries. In recipients younger than 12 years old, 
a preferential choice was made for a left donor kidney.
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Pre-operative 99mtechnetium-mercaptoacetyltriglycine (99mtc-mAG3) renal donor 

scintigraphy 

Renal scintigraphy is performed to assess selective and total renal function. Fifteen minutes 
before the scan, the donor received a bolus injection of 40 mg furosemide intravenously, and 
was encouraged to drink 0.5 L water. 99mTc-MAG3 studies were performed by positioning 
a large-field-of-view gamma camera posteriorly over the donor. Renal scintigraphy is per-
formed with two gamma camera systems (Siemens ECAM and Siemens Diacam; both had 
identical efciencies of 117 cps/MBq). In all studies, a low-energy all-purpose collimator 
was used, and the energy peak was centered at 140 keV with a 15% window. The field of 
view included the whole abdomen, including the urinary bladder. After a bolus injection 
of approximately 100 MBq of 99mTc-MAG3 intravenously, frames were recorded initially at 
1-second intervals for 60 frames, followed by 180 frames at 10-second intervals to complete 
the 16-minute study. The calculated counts per second on Tmax (time to peak activity) were 
corrected for body mass index (BMI), and used as the outcome measure for renal function. 

donor operative procedure

The donor nephrectomies were done transperitoneally under general anaesthesia in a 
supine position12. Fluid management consisted of 1-1.5 L saline 18 hours pre-operatively, 
and 1-1.5 L saline intraoperatively which is supplemented with mannitol 20% (4 ml/kg 
body weight) and furosemide (40 mg). Through a 7-8 cm Pfannenstiel incision an open 
dissection of the distal ureter and the gonadal vein was performed. Then a handport (Om-
niport®, Tyco Healthcare, Hampshire, UK) was placed in the Pfannenstiel incision and the 
non-dominant operators’ hand was introduced. Two 10-12 mm trocars were inserted. A 
maximum insufflation pressure of 12 mmHg was used. The complete left or right colon was 
mobilized using ultrasonic scissors (Harmonic Ace ®). For a right-sided donor nephrectomy 
it was necessary to mobilize the duodenum. Renal extraction was performed after systemic 
anticoagulation (heparin 100 units/kg body weight) and division of the ureter, renal ar-
tery and renal vein. At the beginning transection of the artery was done after placement 
of two clips, but after a warning for potential clip dislodgement from the manufacturer, 
a linear vascular endoscopic stapler was used. The linear vascular endoscopic stapler was 
always used to transect the renal vein (Endopath® ETS Compact Linear Cutter, Johnson & 
Johnson, Dilbeek, Belgium). To obtain maximum length of a short right renal vein traction 
was applied to the vein after transecting the artery. The kidney was extracted through the 
Pfannenstiel incision and flushed and preserved with cold University of Wisconsin solution 
(UW). Systemic anticoagulation was antagonized with protamine. 

Recipients

Implantation of the kidney was done via the extra-peritoneal approach in the iliac fossa. 
Perioperative 2.5 L of saline, Mannitol 20% (4ml/kg body weight) and 50 mg DAF was ad-
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ministrated intravenously. The renal vein was anastomosed to the external iliac vein and the 
artery to the external iliac artery. After successful transplantation, all patients were followed 
for at least 1 year. Urological complication were defined as any urinary fistula (leakage) 
and/or ureteral obstruction within one month after transplantation for which a percutane-
ous nephrostomy (longer than 4 weeks in-situ) and/or operation was necessary. Standard 
immunosuppression consisted of prednisolone, a calcineurin inhibitor and mycophenolate 
mofetil. From 2002, anti-CD25 monoclonal antibody (Basiliximab) was added as induction 
therapy, because more totally HLA mismatched donors were used. First episodes of acute 
rejection were treated with pulse doses of methylprednisolone; second episodes with anti-
thymocyte globulin. DGF was defined as the need for dialysis within the first postoperative 
week. For the calculation of the length of hospital stay, the operation day was counted as 
day one. Kidney graft failure was defined as removal or loss of function requiring return to 
dialysis. The modified Clavien classification system was used to describe procedure-related 
donor complications13,14.

statistical analysis

Comparisons of categorical data were performed using chi-square test. Continuous data 
were compared between the delayed graft group and primary renal function group with the 
Mann-Whitney U test. Univariate logistic regression analysis was used to identify risk fac-
tors for DGF. The one-year graft survival rate was calculated by the Kaplan-Meier technique 
and the log-rank test. A p-value of < 0.05 was considered statistically significant. For statisti-
cal analyses the SPSS software package (SPSS 14.0.2, Chicago, Illinois, USA) was used.

Results

donor and recipient characteristics

Donor and recipient characteristics are presented in Table 1. Mean preoperative donor se-
rum creatinine ± SD was 68 ± 12 (range 42-106) μmol/L. There were 7 donors with multiple 
renal veins: six right kidneys and one left kidney. Separate anastomoses of two renal veins 
were used in one graft, a common venous ostium in another. Ligation of an extra renal vein 
was used in five donors.

surgical outcome

The mean donor operative time ± SD was 177 ± 41 minutes (range 88-317). The mean warm 
ischemic time ± SD was 3 ± 0.7 minutes (range 1-5). Mean estimated blood loss ± SD was 
169 ± 257 ml (range 10-1500).  

Intraoperative complications occurred in 10 donors (5%). In 4 donors an artery to the 
upper pole of the (left) kidney was transected; these were reconstructed successfully prior to 
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implantation in the recipient. In 3 donors, there was a serosal injury to the colon for which 
a single laparoscopic suture was performed. In 2 donors there was a clip dislodgement of 
the renal artery stump after transection for which laparoscopic suturing was performed 
after initial digital control of the bleeding. In one of these two donors an additional vascular 
occlusion catheter was introduced into the aorta through the right femoral artery. All cases 
were completed laparoscopically with no conversion. One laceration of the splenic capsule 
was controlled by applying a topical haemostatic agent (Tabotamp®, Ethicon, Neuchâtel, 
Switzerland). 

Postoperative period

Mean (± SD) hospital stay for donors was 4.8 ± 1.9 days (range 2-14). Mean postoperative 
serum creatinine ± SD at day two was 105 ± 21 (range 60-162) μmol/L and three months 
later 102 ± 20 (range 64-177) μmol/L. Postoperative donor complications are listed in Table 
2. All grade 1 and 2 complications resolved with appropriate therapy. 

Graft function and risk factors for delayed graft function

DGF was diagnosed in 12 patients (6%) with an even distribution throughout the 7-year. 
Historical panel reactivity was 0% to 6% PRA in 8 (64%) and 6% to 85% PRA in 4 (33%). 
One or two HLA mismatches were present in 3 (25%) patients, 3 or 4 HLA mismatches in 6 
(50%) and 5 or 6 HLA mismatches in 3 (25%) patients. In none of the patients with a DGF 
intraoperative complications occurred during the laparoscopic donor nephrectomy. Three 

table 1: Demographics of donors and recipients

Variable n=200

donor  

  Male 88 (44%)

  Age (y) [mean (SD)] 47 (±12)

  Prior abdominal operations (no.) 59 (30%)

  Left kidney 113 (57%)

  BMI (kg/m²) [mean (SD)] 25 (±3)

  Multiple arteries 38 (19%)

  Multiple veins 7 (3%)

  Living related transplantation 129 (65%)

Recipient  

  Male 118 (59%)

  Age (y) [mean (SD)] 42 (±16)

  First transplantation 176 (88%)

  Second transplantation 19 (10%)

  Third or fourth transplantation 4 (2%)
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patients with multiple renal veins had a DGF; in one patient a common ostium reconstruc-
tion was necessary and two patients needed ligation of an accessory renal vein.

Nine patients of the DGF group underwent a postoperative kidney biopsy. The histologic 
results of the core biopsies showed in 6 patients an acute humoral rejection and in 3 patients 
an acute tubular necrosis. Univariate logistic regression analysis showed 2 donor risk factors 
and 2 recipient risk factors with a significant correlation with DGF (Table 3). The two donor 
factors were counts per second on Tmax (corrected for BMI; odds ratio (OR) 15.33, 95% 
confidence interval (CI): 2.96-79.02) and multiple renal veins (OR 6.04, 95% CI: 1.24-29.45) 
consisting of 2 right renal veins and 1 left renal vein. The two recipient factors were two or 
more renal transplantations (OR 4.45, 95% CI: 1.22-16.20) and acute rejection (OR 22.65, 
95% CI: 4.75-108.1). Multivariate analysis revealed an increased risk of delayed function for 
presence of multiple renal veins (OR 151.57, 95%CI: 2.53-9093.86) and acute rejection (OR 
78.87, 95%CI: 3.17-1959.62).

There were ten (5%) graft losses during follow up. Graft losses resulted from rejection 
(6) renal vein thrombosis (1), ischemic necrosis (1), abdominal sepsis following colon 
perforation (1) and recurrence of focal segmental glomerulosclerosis (1). Five grafts were 
lost within 2 months after renal transplantation and the other five were lost 4-17 months 
after transplantation. 

Death-censored 1-year graft survival for the whole group was 95% (8 of 134 cases). 
Death-censored 1-year graft survival in patients with and without DGF was 52% resp. 98% 
(p < 0.001).

table 2. Postoperative donor complications

n=27

Grade 1  19 (11%)

  Wound infection 7

  Paralytic ileus 4

  Urinary tract infection 2

  Haematoma 2

  Femoral neuralgia 1

  Fever of unknown origin 1

  Calf vein thrombosis 1

  Haematuria 1

   Testicular swelling 1

Supraventricular tachycardia 1

Incisional hernia 1

Grade 2  5 (2.5%)

  Blood transfusion 3

  Laparoscopy due to bleeding and blood transfusion 1

  Pneumonia 1
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table 3: Risk factors for delayed graft function.

   
no of 

patients 
n=200

delayed 
graft 

function 
(n=12)*

univariate analysis multivariate analysis 

    odds ratio¹ P odds ratio¹ P

donor factors            

  Female 112 4 (4) 0.37 (0.11-1.27) 0.103 0.73 (0.69-7.64) 0.790

  Age > 50 (years) 119 4 (5) 0.72 (0.21-2.48) 0.602    

  Related relatives 129 7 (5) 0.76 (0.23-2.48) 0.645    

  Body mass index > 30 (Kg/M²) 18 3 (14) 3.09 (0.77-12.47) 0.097 3.09 (0.77-12.47) 0.050

  Prior abdominal operation 59 4 (7) 1.21 (0.35-4.18) 0.764    

  Hypertension 4 1 (25) 5.54 (0.52-59.46) 0.114 0.43 (0.01-85.57) 0.755

  Left kidney 113 7 (6) 1.08 (0.33-3.54) 0.895     

  Multiple renal arteries 26 1 (4) 0.59 (0.73-4.79) 0.620    

  Multiple renal venes 7 3 (43) 15.33 (2.96-79.02) <0.001 151.57 (2.53-9093.86) 0.016

  Renal scintigraphy            

 
Count per second on 
Tmax² < 20 (cps) 57 8 (12) 6.04 (1.24-29.45) 0.013 0.33 (0.02-6.23) 0.461

  Tmax > 4 (min) 19 2 (10) 1.66 (0.33-8.40) 0.538    

  Operation time > 180 (min) 86 5 (6) 0.85 (0.26-2.77) 0.783    

  Warm ischemia time > 4 (min) 28 2 (7) 1.11 (0.23-5.36) 0.893    

  Intraoperative complications 10 0 N/A 0.389    

Recipient factors            

  Female 82 3 (4) 0.46 (0.12-1.75) 0.460    

  Age > 50 (years) 71 3 (4) 0.58 (0.15-2.25) 0.433    

 
Second or > renal 
transplantation 23 4 (17) 4.45 (1.22-16.20) 0.014 0.68 (0.01-32.16) 0.844

  Preemptive status 45 1 (2) 0.28 (0.04-2.19) 0.193 1.28 (0.07-24.45) 0.869

  Haemodialysis 59 2 (3) 1.57 (0.32-7.80) 0.578    

 
Continuous ambulatory 
peritoneal dialysis   96 3 (3) 1.72 (0.42-7.08) 0.449    

  Left fossa iliaca 44 4 (9) 1.85 (0.53-6.46) 0.328    

  Cold ischemia time > 180 (min) 44 6 (12) 3.14 (0.84-11.68) 0.075 1.08 (0.57-20.31) 0.960

  Operation time > 180 (min) 44 2 (5) 0.70 (0.15-3.30) 0.646    

  Anastomosis time > 45 (min) 10 1 (9) 1,46 (0.17-12.67 0.732    

  Vascular reconstruction 27 2 (7) 1.30 (0.27-6.30) 0.741    

  Urological complication 14 3 (21) 5.36 (0.97-22.68) 0.053 8.41 (0.28-253.14) 0.220

  Splinted ureterocystostomy 67 0 N/A 0.010 N/A 0.997

  Rejection 44 10 (23) 22.65 (4.75-108.1) <0.001 78.87 (3.17-1959.62) 0.008

Values in parentheses are * percentages or ¹ 95 per cent confidence intervals ² corrected for body mass 
index
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dIsCussIon

Our first 200 consecutive HALDN resulted in an intra-operative complication rate of 5%, a 
post-operative complication rate in donor patients of 13,5%, a DGF of 6%, and a 1-year graft 
survival rate of 95%. The one-year graft survival of 95% is comparable with the series of 200 
consecutive patients of Fisher et al.15. 

Our DGF rate of 6% was comparable to an analysis of the United Network of Organ Shar-
ing (UNOS) database of 2734 laparoscopic donor with a 5.9% DGF rate16. The major causes 
of DGF are: (a) post ischemic acute tubular necrosis, (b) hyperacute and acute antibody 
mediated rejection, (c) urinary tract obstruction due to ureteral necrosis with a urinary leak 
or to a hematoma, (d) atheroemboli or thrombosis of the renal artery or vein17. 

In the present study, the 2 significant univariate donor risk factors for DGF are: lower 
counts per second on Tmax (corrected for BMI) in the donor kidney prior to donation as 
determined by renal scintigraphy, and multiple veins. The goal of the renal scintigraphy is 
to determine the renal function of the kidneys. The correction of the counts per second on 
Tmax for BMI was necessary due to difference in distribution of fluid between light and 
heavy persons. It is known that DGF in recipients is characterized by reduced functional 
mass measured with an equal 99mTc-MAG3 renal donor scintigraphy18. The association as we 
found may represent hyperfiltration injury of a relatively small donor kidney19. Long-term 
studies are necessary to investigate the long-term benefit for the recipient after transplanta-
tion with a “low-nephron mass” kidney which was recovered after a hand-assisted laparo-
scopic donor nephrectomy. Studies with deceased paediatric kidney donors demonstrated 
acceptable long-term success despite the higher incidence of DGF20,21.

 It is generally accepted that accessory renal veins can safely be ligated because of the 
presence of intra renal venous collaterals22. Despite these collaterals, some authors consider 
multiple right renal veins as a contra-indication for a laparoscopic donor nephrectomy23. In 
an earlier study we demonstrated that multiple renal veins are more prone for renal failure 
in a deceased renal transplantation24. However, the number of donors with multiple renal 
veins in our study is too small to answer the question whether all accessory renal veins 
should be anastomosed or if these can be ligated safely. In this series we ligated 5 of the 
7 multiple renal veins during implantation.  Further studies are necessary to investigate 
the relationship between multiple renal veins, post-transplantation renal venous congestion 
and DGF in laparoscopic donor nephrectomy. 

A BMI > 30 Kg/M² of the donor (OR 3.09, 95% CI: 0.77-12.47) and cold ischemia time > 
180 min. (OR 3.14, 95% CI: 0.84-11.68), urological complication (OR 5.36, 95% CI: 0.97-
22.68) have a trend towards increased risk for a DGF. However, due to small numbers with 
wide confidence intervals these factors failed to reach statistical significancy. 
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Abreu et al. reported several factors related to delayed graft function after laparoscopic 
live donor nephrectomy such as gender, mismatch and cold ischemic time25. However, our 
study did not reveal these factors as risk factors.

Recipients of second transplants are generally considered to have a higher risk for acute 
rejection because of an immunologic sensitization by the presence of preformed antibodies 
from their prior transplants26. 

In our series, no major donor morbidity or mortality occurred. None of the 200 consecu-
tive HALDN required conversion to open donor nephrectomy. Conversion to open surgery 
was 2.97% in the HALDN and 4.60% in the conventional laparoscopic donor nephrectomy 
(P=0.35)27. Tooher et al. reported conversion rates ranging from 0% - 13% for conventional 
laparoscopic donor nephrectomy and 0%-9% for HALDN2. In our opinion, HALDN results 
in a better intraoperative control in case of emergency problems and reduces the chance of 
conversion. 

The main limitation to this study is the small number of patients who developed a DGF. 
In conclusion, HALDN is a safe procedure regarding donor morbidity rates and graft 

survival characterised by a low conversion rate. The presence of multiple renal veins and 
acute rejection showed to be independent risk factors for delayed function.

ReFeRenCes

 1.  Ratner LE, Ciseck LJ, Moore RG et al. Laparoscopic live donor nephrectomy. Transplantation 1995; 
60:1047-1049.

 2.  Tooher RL, Rao MM, Scott DF et al. A systematic review of laparoscopic live-donor nephrectomy. 
Transplantation 2004; 78:404-414.

 3.  Friedman AL, Peters TG, Jones KW et al. Fatal and nonfatal hemorrhagic complications of living 
kidney donation. Ann Surg 2006; 243:126-130.

 4.  Knoepp L, Smith M, Huey J et al. Complication after laparoscopic donor nephrectomy: a case report 
and review. Transplantation 1999; 68:449-451.

 5.  Matas AJ, Bartlett ST, Leichtman AB et al. Morbidity and mortality after living kidney donation, 
1999-2001: survey of United States transplant centers. Am J Transplant 2003; 3:830-834.

 6.  Peeters P, Terryn W, Vanholder R et al. Delayed graft function in renal transplantation. Curr Opin 
Crit Care 2004; 10:489-498.

 7.  Perico N, Cattaneo D, Sayegh MH et al. Delayed graft function in kidney transplantation. Lancet 
2004; 364:1814-1827.

 8.  Shoskes DA, Shahed AR, Kim S. Delayed graft function. Influence on outcome and strategies for 
prevention. Urol Clin North Am 2001; 28:721-732.

 9.  British Transplantation Society, The Renal Association. United Kingdom guidelines for living donor 
kidney transplantation (second edition).  2005. 

 10.  Kasiske BL, Cangro CB, Hariharan S et al. The evaluation of renal transplantation candidates: clinical 
practice guidelines. Am J Transplant 2001; 1 Suppl 2:3-95.



Chapter 4

46

 11.  IJzermans JN, Berends FJ, van Riemsdijk IC et al. [Laparoscopic donor nephrectomy for kidney 
transplants from living family members: good preliminary results]. Ned Tijdschr Geneeskd 1999; 
143:942-945.

 12.  Maartense S, Idu M, Bemelman FJ et al. Hand-assisted laparoscopic live donor nephrectomy. Br J 
Surg 2004; 91:344-348.

 13.  Clavien PA, Camargo CA, Jr., Croxford R et al. Definition and classification of negative outcomes in 
solid organ transplantation. Application in liver transplantation. Ann Surg 1994; 220:109-120.

 14.  Leventhal JR, Kocak B, Salvalaggio PR et al. Laparoscopic donor nephrectomy 1997 to 2003: lessons 
learned with 500 cases at a single institution. Surgery 2004; 136:881-890.

 15.  Fisher PC, Montgomery JS, Johnston WK, III et al. 200 consecutive hand assisted laparoscopic donor 
nephrectomies: evolution of operative technique and outcomes. J Urol 2006; 175:1439-1443.

 16.  Troppmann C, Ormond DB, Perez RV. Laparoscopic (vs open) live donor nephrectomy: a UNOS 
database analysis of early graft function and survival. Am J Transplant 2003; 3:1295-1301.

 17.  Irish WD, McCollum DA, Tesi RJ et al. Nomogram for predicting the likelihood of delayed graft 
function in adult cadaveric renal transplant recipients. J Am Soc Nephrol 2003; 14:2967-2974.

 18.  El-Maghraby TA, Boom H, Camps JA et al. Delayed graft function is characterized by reduced func-
tional mass measured by (99m)Technetium-mercaptoacetyltriglycine renography. Transplantation 
2002; 74:203-208.

 19.  Terasaki PI, Koyama H, Cecka JM et al. The hyperfiltration hypothesis in human renal transplanta-
tion. Transplantation 1994; 57:1450-1454.

 20.  Csapo Z, Knight RJ, Podder H et al. Long-term outcomes of single paediatric vs. ideal adult renal 
allograft transplants in adult recipients. Clin Transplant 2006; 20:423-426.

 21.  Foss A, Gunther A, Line PD et al. Long-term clinical outcome of paediatric kidneys transplanted to 
adults. Nephrol Dial Transplant 2008; 23:726-729.

 22.  Sampaio FJ, Aragao AH. Anatomical relationship between the renal venous arrangement and the 
kidney collecting system. J Urol 1990; 144:1089-1093.

 23.  Mandal AK, Cohen C, Montgomery RA et al. Should the indications for laparascopic live donor 
nephrectomy of the right kidney be the same as for the open procedure? Anomalous left renal 
vasculature is not a contraindiction to laparoscopic left donor nephrectomy. Transplantation 2001; 
71:660-664.

 24.  Minnee RC, Surachno S, Bemelman F et al. Impact of additional vascular reconstructions on survival 
of kidney transplants. Int Surg 2008; 93:111-115.

 25.  Abreu SC, Goldfarb DA, Derweesh I et al. Factors related to delayed graft function after laparoscopic 
live donor nephrectomy. J Urol 2004; 171:52-57.

 26.  Koch MJ. Considerations in retransplantation of the failed renal allograft recipient. Adv Chronic 
Kidney Dis 2006; 13:18-28.

 27.  Kokkinos C, Nanidis T, Antcliffe D et al. Comparison of laparoscopic versus hand-assisted live donor 
nephrectomy. Transplantation 2007; 83:41-47.



47

chapter 5

Older living kidney donors:  
Surgical outcome and quality of life

R.C. Minnee, W.A. Bemelman, S.W. Polle, P.J. van Koperen, S. ter Meulen, K.A.M.I. 
Donselaar-van der Pant, F.J. Bemelman, M.M. Idu

Transplantation 2008; 86: 251-6

Presented to XXIInd meeting of the International Congress of The Transplantation Society, Sydney, 

Australia, augustus 2008

•

Older living kidney donors remain controversial because of their physiological decline in glo-
merular filtration rate and their increased susceptibility of surgical complications. Little is known 
about the quality of life (QOL) of this elderly group. The purpose of this study is to examine 
surgical outcome and the QOL in older living donors. All 105 consecutive living donors who 
underwent a laparoscopic donor nephrectomy between June 2002 and February 2006 were pro-
spectively included in the study. Intra- and postoperative complications were measured. Quality 
of life was recorded preoperatively and at several endpoints postoperatively. Older donors were 
defined as 55 years and older. There were no significant differences in intra- and postoperative 
complication rates and 1-year graft survival rate between both groups. Elderly donors (n=34) 
had both a significant lower postoperative pain at rest at day 1 compared with the younger group 
(P=0.019) and a lower total pain score in the analysis for the whole follow-up period (P=0.002). 
Although small solitary significant differences exist with respect to pain, social functioning and 
mental health older donors, in general, have similar surgical outcome and quality of life when 
compared with younger donors. There is no need to exclude older donors in screening programs 
for transplantation.

• 
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IntRoduCtIon

Because of the increasing organ shortage, most transplant centers are forced to explore al-
ternative organ resources. Living donor transplantation, transplant kidneys from marginal 
donors such as non-heart beating, diabetic, and older donors are increasingly pursued. 
Transplantation of kidneys from older donors has been associated with early hyperfiltra-
tion renal injury and shortened graft survival1,2. However, other studies have demonstrated 
similar graft survival rates of older and younger kidney donors3-5. 

The use of older living donors remains controversial because of the physiological decline 
in glomerular filtration rate beginning in the third decade of life6 and an increased risk of 
surgical complications for the older kidney donor. 

The benefits of living kidney transplantations are well documented and a recently 
published systematic review revealed that most donors have a quality of life (QOL) that is 
similar or even better when compared with the general population7. Data regarding QOL of 
older living donors is lacking. The purpose of our study is to examine the surgical outcome 
and QOL in older living kidney donors when compared with younger living kidney donors.

PAtIents And metHods

All 105 consecutive donors, who underwent a donor nephrectomy between June 2002 and 
February 2006 in the Academic Medical Center, Amsterdam, were prospectively included 
in the study. All donors were preoperatively screened by a nephrologist, a nurse practitioner 
and a social worker. Specific preoperative donor evaluation included blood and urine ex-
amination, angiography, pyelography, and renal scintigraphy. Donor assessment and selec-
tion were based on the UK guidelines for living donor kidney transplantation8. During the 
donor assessment, the patients were informed about the study and the informed consent was 
gained. The study was approved by the Medical Ethical Committee of the Academic Medical 
Center Amsterdam. All donor nephrectomies were performed by two surgeons (W.A.B and 
M.M.I). Both surgeons had performed at least 40 hand-assisted donor nephrectomies (20 
left and 20 right kidney donor nephrectomies). Older donors were defined as 55 years or 
older. All donor nephrectomies were performed transperitoneal using the hand-assisted 
laparoscopic donor nephrectomy technique, which was previously described by our group9. 

All donors received the same pain protocol consisting of a patient controlled analgesia 
with 1 mg bolus morphine (5 min lockout, 10 mg/hr maximum) for the first 2 days. Ad-
ditionally, 4×1g paracetamol per day was given for basic analgesia for 3 to 5 days. 
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surgical outcome and Qol

Living related was defined as having a human leukocyte antigen relationship with the recipi-
ent (e.g., parent, child, and sibling). Urinary tract infections, wound infections, lymphoceles, 
and pulmonary infections were considered minor complications. Bleeding with transfusion 
of packed red blood cells and reoperation were considered as major complications. Hospital 
stay was counted in days from the operating day to the day of discharge. Delayed graft 
function was defined as the need for dialysis within the first postoperative week.

Global QOL was measured using the Short Form-36 Health Survey (SF-36) which has 
proven to be an adequate instrument for evaluating QOL in kidney donors10,11. The SF-36 
comprises 36 items, which constitute eight dimension scores. The dimension scores com-
prise physical function, role limitations because of physical health problems (role physical), 
bodily pain, general health perceptions, vitality, social functioning, role limitations because 
of emotional problems (role emotional), and mental health. These eight scores range from 
0 to 100, with a higher score indicating better health. A difference of five-points in a par-
ticular dimension is considered a minimal clinically and socially relevant change, whereas a 
10-point difference is considered moderate clinically and socially relevant12. Short Form-36 
was administered preoperatively, and at 1, 2, 4 weeks, 3 months, 6 months, and 1 year after 
surgery. 

To evaluate fatigue, the Multidimensional Fatigue Inventory-20 (MFI-20) was used. The 
MFI-20 is a 20-item scale which measures fatigue in five dimensions and was validated in 
healthy subjects in the Dutch population13. These dimensions contained general fatigue, 
physical fatigue, reduced activity, reduced motivation, and mental fatigue. Each dimension 
is represented by four statements. Scores per statement range from one to five and the total 
score per scale ranged from four (no fatigue) to 20 (exhausted). Donors filled out these 
forms preoperatively and at 1, 3, 6, and 12 months.

Furthermore, a 0 to 10 visual analogue scale (VAS) measuring pain was applied. Pain was 
measured preoperatively, and at day 1, 2, 3, 7, 14, and 28 postoperatively. 

None of the patients chose not to participate in the study. All patients filled out the QOL 
forms. Only two patients refused at 1 month further participation to the questionnaires.

statistical analysis 

Both groups were compared using chi-square test (categorical data) or Mann-Whitney U 
test (continuous data) as indicated. The differences between the two groups on the dimen-
sions of the SF-36, MFI-20, and VAS scores were studied by three different methods. The first 
method was an analysis per point, in which the analysis was carried out to detect differences 
between the two groups for each specific point in time. In the second method, differences 
were analyzed between the groups and the whole follow-up period was included in the 
analysis. In the third method, a within group analysis was performed, which compared each 
postoperative time point with the baseline preoperative situation. Between group analysis 
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per point and within group analysis, comparing each postoperative endpoint with base-
line, were calculated with independent sample t test. Differences in time were compared 
by repeated measurement analysis of variance. No mathematical pattern was imposed on 
the covariance structure (unstructured variance–covariance matrix). The mixed model 
contained group (older vs. younger), time (categorical with 5 or 7 levels), and the interac-
tion between group and time. Internal consistency of both questionnaires was measured by 
Chronbach’s alpha. In the literature, both questionnaires had surpassed the 0.70 criterion, 
which signified good internal consistency, for group comparisons with a mean alpha of 0.84 
in both SF-36 and in MFI-2014,15. Our Chronbach’s alpha for the total score amounted to 
0.86 for SF-36 and 0.87 for MFI-20. The graft survival was calculated with the Kaplan-Meier 
life-table analysis and the log-rank test was used. A P-value of less than 0.05 for a test was 
considered statistically significant. For statistical analyses, the SPSS software package (SPSS 
version 14.0.2, Chicago, IL) was used. 

table 1: Baseline characteristics of donors

    < 55 years > 55 years univariate analysis

donor (n=71) (n=34) p¹·²

Male 32 (45%) 12 (35%) 0.342¹

Donor age      

  < 35 yr 13 (18%)    

  35-44 yr 27 (38%)    

  45-54 yr 31 (44%)    

  55-64 yr   27 (79%)  

  65-74 yr   6 (18%)  

  > 74 yr   1 (3%)  

Prior abdominal operations (no.) 24 (34%) 14 (41%) 0.462¹

Left kidney 37 (52%) 17 (50%) 0.839¹

BMI (kg/m²) [median (range)] 25 (20-34) 26 (20-35) 0.082²

Living related transplantation 46 (65%) 19 (56%) 0.379¹

Relationship      

  Parents 20 (28%) 14 (41%)  

  Children 7 (10%) 0 (0%)  

  Sibling 16 (23%) 5 (15%)  

  Other relatives 3 (4%) 0 (0%)  

  Spouse 13 (18%) 9 (26%)  

  Unrelated 12 (17%) 6 (18%)  

¹ χ2 test, ² Mann-Whitney U Test, BMI = Body Mass Index
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Results

surgical outcome

Donor characteristics are presented in Table 1, showing no significant difference between 
the two groups. Surgical and postoperative outcome of donors and recipients are shown in 
Table 2. Forty-two percent of the elderly recipient received an older kidney, whereas 25% of 
the younger recipients received an older kidney. There were no conversions in both groups. 
There was no sig nificant difference between both groups in surgical complications. The 

table 2: Surgical outcome of donors and recipients 

    < 55 years > 55 years univariate analysis

  (n=71) (n=34) p¹·²

donoR      

Intraoperative complications 2 (3%) 2 (6%) 0.423¹

  Serosal laceration colon 1 1  

  Accidentally cut of a polar artery   1  

  Rupture spleen capsule 1    

Postoperative complications 7 (10%) 3 (9%) 0.866¹

minor complications    

  Urinary tract infection   1  

  Haematoma 1 1  

  Paralytic ileus 2  

  Testicular swelling 1  

  Supraventricular tachycardia 1  

  Haematuria 1    

major complications      

  Bloodtransfusion 1    

  Laparoscopy due to bleeding and blood transfusion   1  

Conversion to open donornephrectomy 0 0  

Hospital stay (days) [median (range)] 4 (2-11) 5 (3-14) 0.780²

Preoperative glomerular filtration rate (ml/min) [median (range)] 128 (77-212) 96 (75-198) <0.001²

Serum creatinine preoperative (μmol/L) [median (range)] 69 (44-92) 67 (42-106) 0.955²

Serum creatinine after one year (μmol/L) [median (range)] 100 (67-144) 100 (73-165) 0.757²

Serum creatinine after two years (μmol/L) [median (range)] 103 (66-144) 113 (86-178) 0.494²

ReCIPIent      

Delayed graft function 4 (6%) 2 (6%) 0.959¹

One-year graft survival³ 4/58 (94%) 1/23 (97%) 0.560³

Serum creatinine after one year (μmol/L) [median (range)] 116 (43-223) 124 (90-367) 0.051²

Serum creatinine after two years (μmol/L) [median (range)] 116 (61-410) 126 (93-309) 0.142²

Serum creatinine after three years (μmol/L) [median (range)] 124 (73-276) 138 (92-334) 0.103²

¹ χ2 test, ² Mann-Whitney U Test, ³ log rank
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two patients with a serosal laceration of the colon needed a single serosal bowel suture. An 
accidentally cut of the polar artery lesion was repaired successfully before implantation. The 
other intraoperative complication was a splenic capsule laceration because of traction and 
was treated successfully by application of a topical hemostatic agent (Floseal, Baxter Inter-
national, Deerfield, IL). The 1-year graft survival rate was 97% in the older group versus 94% 
in the younger group (P=0.560, log rank).

Quality of life

SF-36

Between groups analysis at different time points of the SF-36 QOL survey are given in Figure 
1 including mean dimension score in an age-matched healthy Dutch population. Quality of 
life was significantly decreased in the younger kidney donors in the dimension score mental 
health at week 1 (P=0.003) and in social functioning at 2 weeks (P=0.04), whereas they  
scored significantly higher in the dimension score of physical functioning preoperatively 
(P=0.002) at 12 weeks (P=0.045). Both groups did not differ in the other dimension scores 
(role emotional, role physical, bodily pain, general health perceptions, and vitality) at any 
moment in time. 

Within groups analysis comparing each postoperative endpoint with baseline showed 
that older and younger kidney donors scored significantly lower at 1 week when compared 
with baseline at all dimensions scores (P values ranged from <0.001 to 0.01) except for the 
dimension score mental health in older donors (P=0.285). At 2 weeks, physical functioning, 
role physical, bodily pain, vitality, social functioning, and role emotional (P values ranged 
from <0.001 to 0.01) were significantly lower than baseline values. At 1 month, physical 
functioning, role physical, bodily pain, vitality, social functioning, and role emotional 
(P values ranged from <0.001 to 0.01) were significantly lower than baseline values. At 3 
months, only role physical (P=0.008) and physical functioning and bodily pain in older do-
nors (P values ranged from 0.002 to 0.01) were still significantly lower than baseline values. 
At 6 and 12 months, all dimensions had returned to preoperative values. Between groups 
analysis comparing the SF-36 dimensions for the whole follow-up duration in total score 
showed differences in time in social functioning (P=0.047), and mental health (P=0.021).

MFI-20

Between groups analysis at different time points of the older and younger donor group 
could not detect any significant difference in MFI-20 score (Figure 2). 

Within groups analysis comparing each postoperative endpoint with baseline showed 
that older kidney donors scored significantly lower at 1 month all dimensions (P values 
ranged from <0.001 to 0.21) except for the dimension score mental fatigue (P=0.49). At 3, 6, 
and 12 months, all dimensions had returned to preoperative values. 
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Figure 1. Pre- and postoperative results as measured by SF-36 questionnaire (mean ± 2xSEM). The x-axis 
represents the time when the questionnaires were held. The broken lines (black = younger donors, grey 
= older donors) represents the mean dimension score in an age-matched healthy Dutch population. 
Asterisks indicate a significant difference between yonger and older group.
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Figure 2. Pre- and postoperative results as measured by the MFI-20 questionnaire (mean ± 2xSEM). The 
x-axis represents the time when the questionnaires were held. 
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Younger donors scored significantly lower at 1 month all dimensions (P values ranged 
from <0.001 to 0.29). At 3, 6, and 12 months, all dimensions had returned to preoperative 
values. Between groups analysis comparing the MFI-20 dimensions for the whole follow-up 
duration in total did not show any differences. 

Pain VAS scores

The between groups analysis at different time points of perioperative pain scoring are shown 
in Figure 3. On day 1, older donors had a significant lower postoperative pain score when 
at rest compared with the younger group (P=0.019). After day 1, there were no significant 
differences found between the younger and the older donor groups in pain VAS scores. 

Within groups analysis comparing each postoperative endpoint with baseline for pain 
scores at rest and while moving showed that older kidney donors during the first 2 weeks 
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scored significantly lower compared with baseline (P values ranged from <0.001 to 0.01). At 
1 month, pain scores had returned to preoperative values. 

However, within groups analysis showed that younger donors still differed at 1 month 
postoperatively compared with baseline (P=0.001). Between groups analysis for the whole 
follow-up duration in total score showed differences in time in pain VAS score at rest 
(P=0.002) in favor of the older donors.

dIsCussIon

We demonstrated no difference in donor and recipient surgical outcome in living kidney 
transplantation between old and young kidney donors. Although concern has been raised 
about the safety of donors16,17, our data show that the hand-assisted laparoscopic donor 
nephrectomy is a safe procedure for older donors. Surgical complication rates did not differ 
and no differences in the recipient’s 1-month posttransplantation serum creatinine, delayed 
graft function and 1-year graft survival between both groups were found. To study QOL we 
chose the validated Dutch translation of the SF-36 questionnaire of which information of 
age-controls of the Dutch population are available. Apart from small differences between 
the two groups, in general the QOL after operation in older donors at several time points 
is comparable with that in younger donors. The major decline in QOL in most dimensions 
occurred within the first month, with a gradual improvement thereafter. After 6 months, all 
items in different dimensions were at the preoperative level. As most of the initial differences 
were solitary findings in different nonrelated dimensions we interpret these differences as 
coincidental findings.

Most studies in which the donor’s QOL is evaluated report equivalent or better results 
if compared with healthy controls10,18-20. These results are in line with our findings and are 

Figure 3. Postoperative pain in rest and during moving as measured by VAS scores (mean ± 2xSEM). The 
x-axis represents the time in days after surgery. Asterisks indicate a significant difference.
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linked to the intense medical evaluation of potential living kidney donors, resulting in the 
selection of only healthy and motivated individuals21. 

Kidney donors frequently report postoperative fatigue. Therefore we included the MFI-20 
questionnaire in our analysis, as it is specifically developed to analyze fatigue. We could 
not detect any significant difference between older and younger donors. All our donors re-
turned to baseline at 3 months. Other studies using the full laparoscopic technique reported 
recovery times of 12 months. Further studies are necessary to investigate whether the differ-
ence in surgical technique and subsequent operation time can cause this disparity22.

In our series, older donors had lower pain scores at rest as well in the between groups 
analysis and the whole follow-up duration in total score. An explanation for this might be 
that the elderly patient experiences pain as a normal part of aging which is supported by 
several other studies23,24.

There is a relationship between the information the patient receives from the clinician and 
the experienced QoL25,26. Holzner et al. showed that 38% of the liver transplant patients felt 
that they had not been adequately or moderately been informed about the consequences of 
liver transplantation. These patients showed lower postoperative quality-of-life scores than 
patients with adequate information27. This illustrates the importance of investigating the 
agreement between the perceptions of health professionals and renal transplant candidates 
on QOL after renal transplantation. Therefore clinicians’ opinion on recovery may affect the 
QOL questionnaires of patients. Also patients own expectations of recovery time could have 
had an impact on their convalescence and QOL. Our method of informing kidney donors is 
standardized in our kidney donor protocol and is not adjusted for donor age. Therefore, we 
can exclude this potential bias in our results.

Although small solitary significant differences exist with respect to pain, social 
functioning, and mental health, older donors have in general similar surgical outcome and 
QOL when compared with younger donors. There is no need to exclude older donors in 
screening programs for transplantation.
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•

Transplanting kidneys with complex vasculature is a demanding procedure and increases 
the risk of graft failure. The aim of the study was to investigate the outcome of additional 
vascular reconstructions performed during renal transplantation. In a retrospective analysis, 
we analyzed 720 consecutive renal transplantations between January 1995 and December 
2004. One-week graft survival was the primary endpoint. One-week graft failure occurred 
in 5 (0.7%) of the 720 cases and 2 (0.3%) in the reconstructed group. Arterial reconstruc-
tions had no significant effect on the 1-week graft survival [odds ratio (OR), 0.87; 95% con-
fidence interval (CI), 0.85– 0.90]. Univariate analysis revealed an increased risk of 1-week 
graft failure for venous reconstructions (OR, 7.15; 95% CI, 1.17– 43.60), especially venous 
reconstruction without using the caval vein (OR, 27.24; 95% CI, 4.24 –176.04). Arterial 
reconstruction had no increased risk of early renal graft failure. Venous reconstructions had 
a higher failure rate. This does not apply for reconstructions with the caval vein, of which 
the results were excellent.

•
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IntRoduCtIon

Kidney transplantation has become an established therapy for endstage renal disease. 
Advances in surgical technique and immunosuppressive therapy have reduced the rate of 
early graft loss. Because of increasing organ shortages, we are forced to be inventive in 
handling multiple renal vessels and performing additional vascular reconstructions during 
renal transplantation.

In earlier studies, the implantation of kidneys with multiple arteries was associated with 
an increased incidence of vascular and urologic complications such as thrombosis and 
ureteral ischemia and was considered by some to be a relative contraindication1,2. However, 
more recent reports have stated that renal transplantation can be performed safely in cases 
with multiple arteries3. The results of renal transplantation after reconstruction of the renal 
veins are not reported as extensively in the literature. Most of the small caliber accessory re-
nal veins can safely be ligated, but occasionally reconstruction to gain length of a short right 
renal vein or repair of a damaged vein makes additional venous reconstruction necessary. In 
a multivariate analysis, Bakir et al. showed that perioperative surgical technical difculties 
are the most important risk factor for early renal graft thrombosis4. To study the impact of 
additional vascular reconstructions on graft survival, we performed a retrospective analysis 
of all renal transplantations performed in our hospital during the last 10 year.

PAtIents And metHods 

From January 1995 until December 2004, 720 consecutive kidney transplantations (556 
deceased donors and 164 living donors) were performed. All patient charts and surgical re-
ports were reviewed. All kidney transplantations were performed using the extraperitoneal 
approach in the iliac fossa by experienced transplant surgeons. All accessory renal arteries 
were revascularized. Selection of the type of reconstruction was based on the renal graft 
vascular anatomy and on surgeon preference. Occasionally, small renal arteries supplying a 
limited part of the kidney (<1% to 0%) were ligated if the surgeon concluded that the artery 
was too small for reconstruction. Accessory renal veins were ligated if they had a smaller 
diameter than the main renal vein. 

In case of multiple renal veins of equal diameter, short renal vein, or renal vein lesions, 
the surgeon decided if reconstruction was necessary and what type of reconstruction was 
appropriate. After successful transplantation, all patients were followed for at least 1 year. 
Immunosuppressive therapy consisted of prednisone, a calcineurin inhibitor, and mycophe-
nolate mofetil. Recipients of a living donor kidney also received basiliximab. From 2003, all 
patients were treated with prednisone, a calcineurin inhibitor, mycophenolate mofetil, and 
basiliximab. Postoperative anticoagulation therapy was only initiated when medically or 
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surgically indicated. Additional vascular reconstruction was not an indication for postop-
erative anticoagulation. One-week graft failure was set as the primary endpoint under the 
assumption that all graft thromboses as a result of the additional vascular reconstructions 
will be apparent within the first week after the operation. One week graft failure is defined 
as a nonperfused renal transplant (no flow on renal scintigraphy) within the first postopera-
tive week. In addition to the vascular reconstructions, other donor, recipient, and surgical 
factors were included in the analysis.

statistical analysis

The endpoint of 1-week graft failure was correlated with multiple vascular reconstruction 
techniques and other donor, recipient, and surgical factors. In the univariate comparison, 
the nonparametric chi-square test was used. For all defined variables, odds ratios (ORs) 
and 95% confidence intervals (CIs) were calculated. Multivariate logistic regression analysis 
was planned on arterial and venous reconstructions and on all other donor, recipient, and 
surgical factors with a P value of < 0.20 in the univariate analysis. P < 0.05 was considered 
statistically significant.

Results

One hundred forty-five (20.1%) renal grafts required one or more arterial and/or venous 
reconstructions. Renal transplants with arterial reconstructions were performed in 93 cases. 
Reconstruction of two and three or more renal arteries was performed in 85 and 8 cases, 
respectively. A polar or accessory renal artery was implanted as end-to-side anastomosis 
in the main renal artery in 39 cases, and in 24 cases, a conjoined anastomosis (side-to-side 
anastomosis) with two arteries of equal size to create a common ostium was performed. In 24 
grafts, the accessory renal arteries were anastomosed separately end-to-side to the acceptor 
external iliac artery. The recipient inferior epigastric artery was used as a graft in three cases 
for arterial reconstruction. In three cases, a prosthetic vascular graft, polytetrafluoroethylene 
(PTFE; Dacron) or iliac vascular allograft was used for the arterial reconstruction.

In 11 cases, an arterial reconstruction was performed on the recipient external iliac artery. There 
were a total of 63 renal vein reconstructions: 48 right kidneys, 7 left kidneys, and 8 of unknown 
origin. In 54 cases, one renal vein was presented, 8 cases had two veins, and 1 case had three renal 
veins. The caval vein was used as extension of a short renal vein in 47 grafts. A common venous 
ostium was used in eight grafts. A PTFE graft was used in four venous reconstructions. An iliac 
artery allograft or an autologous saphenous vein was used in four venous reconstructions.

One-week graft failure occurred in 5 (0.7%) of the 720 cases and 2 (0.3%) in the recon-
structed group. Arterial reconstructions of the multiple renal arteries had no significant 
effect on the 1-week graft failure (p = 0.387; Table 1). However, renal transplants with a 
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venous reconstruction had a significant increased risk of 1-week graft failure (OR, 7.15; 
95% CI, 1.17– 43.60) compared with patients without a venous reconstruction. Subgroup 
analysis of the venous reconstructions revealed that there was an increased risk of 1-week 
graft failure, especially if the reconstruction was performed without using the caval vein 
(OR, 27.24; 95% CI, 4.24 –176.04). Caval extension of the main renal vein or ligation of 
accessory renal veins did not significantly increase the risk of 1-week graft failure. Recipient 
arterial reconstruction had no significant effect on the 1-week graft failure rate. Because 
venous reconstructions were the only variable with P < 0.20, a multivariate analysis was not 
performed.

table 1. Univariate analysis of vascular reconstructions and other factors and 1-week graft failure

Vascular reconstructions and other factors
no. 

of patients 
(n=720)

1-week 
graft failure¹

univariate analysis 
odds ratio²

p

Renal transplants without arterial and venous 
reconstructions 575 3 (0,5)    

Renal transplants with arterial reconstructions 93 0 (0) N/A 0.387

  Accessory or polar artery implanted in main renal artery 39 0 (0) N/A 0.651

  Separate anastomoses of accessory renal artery to iliac artery 24 0 (0) N/A 0.723

  Conjoined anastomoses (side-to-side) 24 0 (0) N/A 0.723

  Graft used for arterial reconstruction 6 0 (0) N/A 0.859

Renal transplants venous reconstructions 63 2 (3.2) 7.15 (1.17-43.60) 0.013

  Caval vein extension  47 0 (0) N/A 0.602

  Reconstructions without caval vein 16 2 27.24 (4.24-176.04) <0.001

  Conjoined anastomoses 8 1 27.24 (2.51-295.11) <0.001

  Great saphenous vein graft used for venous reconstruction 8 1 27.24 (2.51-295.11) <0.001

other donor, recipient and surgical factors        

Living donor 164 2 (1.2) 2.28 (0.38-13.74) 0.357

Post-mortal donor 556 3 (0.5) 2.28 (0.38-13.74) 0.357

Donor after cardiac death 89 88 (1.1) 1.08 (0.12-9.78) 0.946

Left kidney 320 3 (0.9) 0.79 (0.13-4.74) 0.792

Cold ischemic time > 24 hours 191 1 (0.5) 0.67 (0.06-7.48) 0.746

Vascular anastomosis time > 50 minutes 46 0 (0) N/A 0.536

Paediatric recipient (<18 yr) 36 0 (0) N/A 0.585

Anticoagulation medication 52 0 (0) N/A 0.531

Acute rejection 258 3 (1.2) 2.71 (0.45-16.30) 0.258

Recipient arterial reconstructions 11 0 (0) N/A 0.808

Endarterectomy 7 0 (0) N/A 0.847

  External iliac artery shortening 4 0 (0) N/A 0.884

Values in parentheses are 1 percentages or 2 95 per cent confidence intervals.



65

Impact of renal vascular reconstructions on graft survival

dIsCussIon

We showed that additional arterial reconstruction does not impair the 1-week graft failure 
rate. Our results are comparable with Basaran et al. who showed that reconstruction of 
multiple renal arteries is safe in terms of graft survival5. In addition, we showed that re-
construction of the recipient iliac artery did not lead to an increased incidence of 1-week 
graft failure. The increased comorbidity of potential recipients in the future will result in 
more atherosclerotic disease of the iliac artery. Synchronous iliac artery reconstruction is 
an acceptable option for these patients. 

We preferred to choose the 1-week graft survival rate as our primary outcome because the 
majority of vascular complication (e.g., graft thrombosis) occur early after the operation. 
Bakir et al. showed that vascular graft thrombosis is responsible for a significant part of all 
early graft failures4. We realize that acute rejections can also cause early graft thrombosis, 
but their role in early (< 1 week) graft thrombosis is limited. Heidenreich et al. suggested 
that there is a link between prothrombotic states and acute rejection6. They speculated that 
vascular clotting is the first event to occur, causing subsequent lymphocyte activation and 
adherence to the affected endothelium. The risk of vascular clotting is increased when ad-
ditional vascular reconstructions are performed. 

Multiple renal arteries occur in 12% to 33%7. The transplantation of grafts with multiple 
arteries increases the time to perform a vascular anastomosis and is technically more 
demanding. This might result in a higher vascular and urological complication rate and 
impaired graft survival. Lower kidney pole accessory renal arteries are especially important 
because they often provide substantial blood supply to the renal pelvis and ureter in a trans-
planted kidney. Although small accessory arteries can be ligated without damage to the 
graft8, it will result in segmental graft infarction and diminished functional nephron mass. It 
is important to preserve as much nephron mass as possible to prevent hyperfiltration injury 
and subsequent progressive transplant dysfunction. There are various techniques for the 
reconstruction of multiple renal arteries, i.e., conjoined anastomosis of two arteries of equal 
size, end-to-side anastomosis of smaller arteries to larger arteries, and using autologous 
epigastric arterial grafts or PTFE grafts9. The use of the internal iliac artery, either in situ or 
as a graft on the bench, is another alternative method for arterial reconstruction in case of 
multiple arteries. At this moment, there is no technique superior to another according to 
complications and graft survival3. Recent studies have shown that transplantation of kidneys 
with multiple renal arteries is safe and effective, providing good living kidney donor and 
allograft outcomes10. However, an increased incidence of post-transplantation hypertension 
has been described in association with accessory renal arteries, probably because of the 
presence of segmental infarcts9. 

In our series, venous reconstruction had a significant correlation with the occurrence of 
1-week graft failure in the univariate analysis. Multiple renal veins are present in 5% to 10% 
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of deceased donor kidneys11. The most common main renal venous anatomic variants are 
multiple right renal veins, which have a prevalence of 15% to 28%, and circumaortic left 
renal veins, which have a prevalence of 8% to 17%. Other main renal vein variants include 
the retroaortic left renal vein, which has a prevalence of 3%, and extrahilar confluence of 
the renal venous branches. Multiple right renal veins are considered a contraindication to 
donor nephrectomy by some because this variant is associated with a higher incidence of 
renal graft venous thrombosis12. 

To deal with multiple renal veins and venous repair, various techniques have been used, 
including autologous grafts, allografts, or synthetic grafts. Normally, the right vein is more 
compelling for reconstruction than the left vein because of its short length. To evade this 
difculty, different options have been used including mobilization of the iliac artery and 
vein with sacrifice of the hypogastric vessel, positioning the donor kidney more medially 
in the iliac fossa, or reconstruction with a caval vein extension. Renal vein reconstruction 
by caval vein extension had no significant effect in our study on the occurrence of 1-week 
graft failure (p = 0.602). Other studies have also shown that extension with the caval vein 
is an acceptable method to lengthen a short right vein or to deal with multiple renal veins, 
without the fear of thrombosis13.

In venous reconstructions without caval vein extension possibility, Stratta et al suggested 
that ex vivo renal vein reconstruction with an interposition allograft is a safe and effective 
modality that should be added to the transplant surgeon’s armamentarium14. Tzakis et al 
reported 50 renal vein reconstructions without postoperative graft thrombosis15. They used 
the donor iliac vein to reconstruct the renal vein because the caval vein was not available. We 
suggest that if a venous reconstruction is necessary, use of the donor caval vein is preferred. 
It is advisable to include a segment of caval vein as a “vascular toolkit” in the deceased 
donor kidney, especially for right kidneys.

In conclusion, arterial reconstruction of donor multiple renal arteries and the acceptor 
iliac artery have excellent results. Venous reconstructions have a higher failure rate. This 
does not apply for reconstructions with the caval vein, of which the results are excellent. 
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•

Routine splinting of the ureterocystostomy during renal transplantation lowers the uro-
logical complication rate but increases patient’s morbidity. The number needed to treat 
to prevent one urological complication is high. The aim of this study was to identify risk 
factors, which can be used in the implementation of a selective splinting ureterocystostomy 
protocol. Retrospective analysis of 475 consecutive renal transplantations performed be-
tween January 1999 and December 2004. Donor, surgical-technical and recipient factors 
were assessed.

 Urological complications occurred in 62 (13%) patients. In 29 of these 62 patients (6.1%), 
only a temporary percutaneous nephrostomy catheter was necessary and in 33 (6.9%) sur-
gical revision was required. Episodes of acute rejection and delayed graft function were 
identified as the only independent risk factors for a urological complication: odds ratio 2.62 
[95% confidence interval: (CI) 1.38–4.97] and 2.22 (95% CI: 1.14–4.33), respectively. None 
of the risk factors for urological complications after renal transplantation that are known 
at the time of performing the ureterocystostomy are useful for the implementation of a 
selective splinting protocol. 

•
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IntRoduCtIon

Despite meticulous surgical technique and improved immunosuppression therapy, 
urological complications continue to result in morbidity and occasional mortality after 
renal transplantation. The incidence of urological complications ranges from 2.5% to 30%1-

7. The two major urological complications after renal transplantation are urinary leakage 
and obstruction often located at the ureterovesical junction or in the distal transplant 
ureter. Urological complications increase the length of hospitalization as well as costs, and 
may threaten transplant outcome. Over recent years, there has been debate as to whether 
splinting the ureterocystostomy results in a reduced postoperative urological complication 
rate. Two recent meta-analyses have demonstrated that splinting a ureterocystostomy leads 
to a significantly lower urological complication rate on comparison with non-splinted 
ureterocystostomy. However, the number needed to treat (NNT) with a routine splinting 
protocol in order to prevent one urological complication was high, ranging from 10 to 30. 
In addition, routine splinting leads to a higher urinary tract infection rate8,9.

We performed a retrospective analysis to investigate the frequency and occurrence of 
urological complications after renal transplantation using a non-splinted ureterocystostomy 
policy. The aim of our study was to identify potential risk factors, which at the time of 
performing the ureterocystostomy could be used to effectively identify patients at high risk 
of urological complications. These data could then be used to introduce a protocol of selec-
tive splinting of the ureterocystostomy intended to lower the NNT.

PAtIents And metHods

Between January 1999 and December 2004, 475 consecutive renal transplantations (339 
cadaveric- and 136 living donors) were performed at the Academic Medical Center, 
Amsterdam. Recipient median age was 44 years (range 4–75 years). All transplants were 
single renal transplantations and were performed by a group of seven surgeons using the 
extraperitoneal approach in the iliac fossa. The method used to establish urinary continuity 
was either the extravesical ureterocystostomy (Lich-Gregoir technique in 352 patients) or 
the intravesical ureterocystostomy (Politano-Leadbetter technique in 123 patients). The 
type of ureterocystostomy depended on the personal preference of the surgeon. All patients 
had an indwelling bladder catheter for 5–7 days postoperatively, which was removed after 
cystography had excluded urinary leakage. All patients were followed up at our center for 
at least 1  year after successful transplantation. Immunosuppressive therapy consisted of 
prednisone, a calcineurin inhibitor and mycophenolate mofetil. Recipients of a living donor 
kidney also received prophylactic anti-CD25 monoclonal antibody (basiliximab, Novartis 
BV, Arnhem, The Netherlands). From 2003, all patients were treated with prednisone, a 
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calcineurin inhibitor, mycophenolate mofetil and basiliximab. Episodes of acute rejection 
were treated with pulsed doses of methylprednisolone. Renal transplant function was moni-
tored by serial measurement of serum and urine creatinine, urinary output and renography. 
Delayed graft function was defined as the need for dialysis within the first postoperative 
week. 

A urological complication was defined as any urinary fistula (leakage), ureteral obstruc-
tion and clots in the ureter or bladder requiring treatment. Urinary tract infections and 
vesicoureteral reflux were not counted as urological complications. If indicated, a percu-
taneous nephrostomy catheter was inserted and an antegrade pyelography was performed. 
The nephrostomy catheter was left in place to maintain renal excretory function. If urinary 
obstruction persisted despite the percutaneous nephrostomy catheter, an operative recon-
struction was usually performed 3–6 months later. If there was dehiscence of the uretero-
cystostomy during the first few postoperative days, an operative revision of the urinary 
anastomosis was performed without delay.

statistical analysis 

Univariate and multivariate logistic regression analysis was performed to identify indepen-
dent risk factors for urological complication. Multivariate logistic regression analysis was 
performed on all factors with a P-value of <0.20 in the univariate analysis. The chi-squared 
test was used to analyze discrete data between groups. Survival analysis was performed by 
the Kaplan–Meier technique and the log-rank test. A P-value of <0.05 was considered sta-
tistically significant. Statistical analysis was done using SPSS® version 11.5 (SPSS, Chicago, 
IL, USA). 

Results

Of the 475 consecutive renal transplantation procedures, 62 developed a urological 
complication (13.1%). These included 34 ureteral strictures, 16 ureteral strictures and 
leakage, 11 ureteral leaks and one blood clot in the bladder. In 29 of these 62 (6.1%) patients, 
the urological complication was managed with a temporary percutaneous nephrostomy 
catheter only. In the remaining 33 patients (6.9%), surgical revision was necessary to correct 
the urological complication. Of this surgical group of 33 patients, 26 patients (79%) had a 
percutaneous nephrostomy catheter in place prior to revision. 

The time to onset of the urological complication is shown in Figure 1. Fifty percent of all 
urological complications occurred within the first two postoperative weeks and 73% within 
the first postoperative month. 

The occurrence of urological complications was correlated with several donor, surgical-
technical and recipient risk factors (Table 1). Donor age, episodes of acute rejection, and 
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delayed graft function were significantly correlated with the occurrence of a urological 
complication on univariate analysis. Multivariate analysis (Table 1) identified acute re-
jection (odds ratio 2.62, 95% CI: 1.38–4.94, P = 0.003) and delayed graft function (odds 
ratio 2.22, 95% CI: 1.14–4.33, P = 0.02) as the only significant independent risk factors for 
urological complications. There was no significant difference in the urological complication 
rate between cadaveric (13.6%) and living donor (11.8%) renal transplantation (P = 0.71). 
Although the urological complication rate between surgeons varied from 6.1% to 19.4%, 
there was no statistical significance (P  =  0.29). The urological complication rates of the 
intra- or extravesical ureterocystostomy were 14.6% and 12.5%, respectively, which was not 
statistically significant (P = 0.65). Concomitant vascular reconstruction performed during 
the implantation had no significant effect on the occurrence of urological complications. 
The presence of a lower pole artery in the donor kidney was shown to lead to an increased 
incidence of urological complications especially if revascularization was not possible. How-
ever, multivariate analyses did not show it to be an independent risk-factor for urological 
complications.

Of the 62 grafts with an accompanying urological complication, seven were lost within 
the first postoperative year. The causes of graft loss were: two acute rejections, two instances 
of sepsis, one infected hematoma, one renal artery thrombus and one of unknown origin. 
The 1-month and 1-year graft survival rates in patients without urological complications 
were 98% and 92%, respectively, compared with 92% and 86% in patients with urological 
complications. The 1-year survival rate of patients with and without urological complica-
tions was 95% and 97%, respectively. The occurrence of a urological complication had no 
significant effect on the graft (P = 0.23) or patient (P = 0.87) 1-year survival rate.  

Figure 1. Time interval between the operation and occurrence of the urological complication in the 
postoperative period.
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table 1. Univariate and multivariate analysis of risk factors for urological complications.

  no of urological univariate analysis multivariate analysis

  patients complication        

  (n=475) (n=62)* odds ratio¹ p odds ratio¹ p

Recipient female sex 190 21 (11.1) 0.74 (0.42-1.30) 0.36    

Living donor 136 16 (11.8) 0.85 (0.46-1.56) 0.71    

Donor age (years)            

< 18 yr 27 2 (4.0) 0.54 (0.12-2.34) 0.59    

  18-50 yr 200 13 (6.5) 0.30 (0.15-0.58) <0.001 1.14 (0.23-5.77) 0.87

  > 50 yr 162 34 (21.0) 3.75 (1.97-7.16) <0.001 3.90 (0.82-18.56) 0.09

Recipient age (years)            

< 18 yr 35 5 (14.3) 1.12 (0.42-3.00) 0.82    

  18-50 yr 244 34 (13.9) 1.17 (0.69-2.01) 0.65    

  > 50 yr 196 23 (11.7) 0.82 (0.47-1.42) 0.56    

Recipient with diabetes 36 3 (8.3) 0.59 (0.17-1.97) 0.39    

Vascular anastomosis > 45 min 42 7 (16.7) 1.45 (0.60-3.51) 0.57    

Cold Ischemic period >24 hours 90 12 (13.3) 1.10 (0.55-2.21) 0.94    

Concomitant vascular reconstruction        

  Arterial and/or venous 115 15 (13.0) 1.00 (0.54-1.86) 0.99    

  Arterial 68 7 (10.3) 0.73 (0.32-1.69) 0.47    

  Venous 54 9 (16.7) 1.39 (0.64-3.00) 0.4    

  Lower pole art.2 38 8 (21.1) 1.90 (0.82-4.34) 0.13 1.82 (0.55-6.04) 0.33

  Ligation lower pole art.3 8 3 (37.5) 4.15 (0.97-17.82) 0.06 1.10 (0.16-7.72) 0.93

Extravesical ureterocystostomy 352 44 (12.5) 0.83 (0.46-1.51) 0.65    

Intravesical ureterocystomy 123 18 (14.6) 1.20 (0.67-2.17) 0.55    

Surgeon            

  1 67 12 (17.9) 1.56 (0.78-3.12) 0.21    

  2 47 7 (14.9) 1.19 (0.51-2.78) 0.69    

  3 31 6 (19.4) 1.67 (0.65-4.23) 0.29    

  4 113 10 (8.8) 0.58 (0.28-1.18) 0.13 0.46 (0.21-1.05) 0.06

  5 96 12 (12.5) 0.94 (0.48-1.84) 0.86    

  6 49 3 (6.1) 0.41 (0.12-1.35) 0.14 0.35 (0.10-1.28) 0.11

  7 72 12 (16.7) 1.41 (0.71-2.81) 0.33    

Acute rejection 158 30 (19.0) 2.09 (1.22-3.58) 0.01 2.62 (1.38-4.97) 0.003

Delayed graft function 114 23 (20.2) 2.09 (1.19-3.67) 0.02 2.22 (1.14-4.33) 0.02

Values in parentheses are * percentages or ¹ 95 per cent confidence intervals.
2: A lower pole artery was present (30 revascularized and 8 ligated).
3: Ligation of a lower pole artery which could not be revascularized.
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dIsCussIon

Of all the pre-, peri- and postoperative factors analyzed in our study, only acute rejection 
and delayed graft function were significantly correlated with the occurrence of a urological 
complication. Our overall urological complication rate was 13%, and our surgical revision 
rate for urological complications was 6.1%. These results are consistent with recent and larger 
series10-13. Classically, the two major etiological factors for urological complications after 
renal transplantation are surgical-technical factors and distal transplant ureteric ischemia. 
Surgical-technical factors include poor harvesting and ureterocystostomy techniques. The 
preservation of the periureteral vessels and fat, the reduction of ureteral length, avoiding 
large incisions in the bladder, avoiding external ureteral compression by the vas deferens, 
and creating a water-tight urinary anastomosis all decrease the incidence of urological 
complications14. 

In addition, high-dose steroids as were used in the precyclosporine period are associated 
with an increased urological complication rate15. 

Periureteral fat, ureter length, intraoperative problems and various bladder characteristics 
also influence the occurrence of urological complications. However, as these variables are 
difcult to quantify consistently in a retrospective study, we were unable to include them in 
our retrospective analysis as reliable quantification was not possible.

Diabetes was present in 8.3% of our recipients, but it was not correlated with the occur-
rence of urological complications.

Distal transplant ureter ischemia can occur if circulation to the lower pole is compro-
mized. Our study showed that the presence of a lower pole artery, especially if it could not 
be revascularized, led to an increased urological complication rate. Because of the small 
numbers, the lower pole artery failed to reach statistical significance in the multivariate 
analysis. Despite this, every effort should be made to revascularize the lower pole artery 
when present.

Ultrasonography and radioisotope scanning are usually the first imaging modalities to 
be employed in renal transplant dysfunction16,17. If these studies reveal a ureteral leak or 
obstruction, the insertion of a percutaneous nephrostomy catheter and subsequent ante-
grade pyelography is a practical way of managing this problem18-20. Although introducing 
a percutaneous nephrostomy catheter is an important step in this situation, some authors 
assert that it rarely cures the problem on its own18-20. Our results contradict this, as, in 29 of 
the 62 patients (47%) with a urological complication, the temporary placement of a percuta-
neous nephrostomy catheter alone was sufcient to treat it successfully. These stenoses were 
probably caused by postoperative edema or were a temporary effect of an acute rejection 
on the ureter. If antegrade pyelography showed the obstruction to be persistent, then we 
chose to perform the necessary surgical revision. The majority of urological complications 
occur soon after transplantation. Previous reports have indicated that all urine leakages and 
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most ureter strictures occur within 1 year after transplantation21,22. In our study, 50% of all 
urological complications occurred within 2 weeks and 73% at 1 month after transplantation.

Some studies have emphasized the role of acute rejection in causing urological complica-
tions23,24. Our findings support these results, as acute rejection was also shown to be an 
independent risk factor for urological complications in our study. It can be speculated that 
our study shows a correlation between acute rejection and the presence of a delayed graft 
function, as it is known that the presence of delayed graft function increases the risk of acute 
rejection25.

Although the presence of a urological complication resulted in considerable morbidity, 
it had no significant effect on the 1-year graft or patient survival in our study. Van Roijen 
et al. reported that patients presenting with urological complications may have a higher 
probability of long-term graft survival because diagnosis of the complication is in itself an 
indication that they have a functioning graft26. 

The proposed benefits of a splinted anastomosis include continuous decompression of the 
ureter to avoid anastomotic tension, maintenance of the ureter in a more linear alignment 
to avoid kinking, and protection from ureteral narrowing or postoperative luminal obstruc-
tion because of edema or external compression. Disadvantages of the splint are obstruction 
and migration, stricture of the anastomosis, mucosal erosion causing hematuria, increased 
postoperative infection risk, ureteral calcification, postoperative pain and the need for an 
additional intervention necessary to remove a double-J stent. In two recently published 
meta-analyses of splinted versus nonsplinted ureterocystostomy, the use of a splint signifi-
cantly reduced the incidence of urological complications8,9. In the meta-analysis of Wilson 
et al. the data from seven published randomized controlled trials were pooled (total 1154 
patients). Routine splinting of the ureterocystostomy reduced the incidence of urological 
complications significantly (relative risk 0.24, 95% CI: 0.07–0.77, P = 0.02) from a median 
of 7% of unsplinted anastomosis to 1% of splinted anastomosis8. The NNT varies between 10 
and 30 depending on the experience of the surgeon. However, the use of a splint results in a 
significantly increased risk of a urinary tract infection when compared with the nonsplinted 
ureterocystostomy (relative risk 1.49, 95% CI: 1.04–2.15, P = 0.03).

As we found the NNT too high to justify a routine splinting policy, we were particularly 
interested in developing a selective splinting policy to reduce the high NNT to prevent one 
urological complication. However, our analysis showed that it was not possible to use those 
risk factors known at the time of performing the ureterocystostomy to introduce a selective 
splinting policy.

In conclusion, acute rejection and delayed graft function are important risk factors for 
urological complications after renal transplantation, but other risk factors known at the 
time of performing the ureterocystostomy cannot be used for implementing a selective 
splinting ureterocystostomy protocol.
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•

Ureteral stents are successful in reducing urological complications after renal transplan-
tation. However, the optimal duration and method of stenting has not yet been clarified. 
The objective of this study is to investigate the frequency of urological complications using 
a 5-day external stented ureterocystostomy protocol. A single-center non-randomized 
analysis of 392 kidney transplantations between June 2003 and June 2007 was conducted. 
From July 2005 all renal transplant recipients received a 5-day external stented ureterocys-
tostomy. A urological complication was defined as any cause leading to the placement of a 
percutaneous nephrostomy catheter and/or surgical revision of the ureterocystostomy. A 
urological complication occurred in 34/392 (8.7%) patients. In the non-stented group 21 
of the 196 patients (10.7%) developed a urological complication compared to 13 patients 
(6.6%) in the stented group p = 0.151. In the stented group, two of the 66 recipients of a 
living donor transplant (3.0%) developed a urological complication compared to 8 of the 
59 recipients (13.6%) in the non-stented group p = 0.030. Eleven of 130 recipients of a 
deceased donor transplant (8.5%) in the stented group developed a urological complication 
compared to 13 of the 137 (9.5%) recipients in the non-stented group p = 0.769. The 1-year 
graft survival in patients with a urological stent was 89% (8/196) and without a urological 
stent was 89% (14/196) (p = 0.968). A 5-day routine external stent protocol is efcacious in 
living donor renal transplantation in preventing early postoperative ureter obstruction, but 
this stenting period seems inadequate for deceased donor renal transplantation.

•
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IntRoduCtIon

Urological complications remain an important source of morbidity and occasionally 
mortality, after renal transplantation. The two major urological complications after renal 
transplantation are urinary leakage and obstruction, mostly located at the ureterovesical 
junction or in the distal transplant ureter. 

Two meta-analyses have demonstrated that on comparison with a non-stented ureterocys-
tostomy, a stented ureterocystostomy leads to a significantly lower urological complication 
rate (odds ratio 0.24, 95% confidence interval [CI] 0.07-0.77)1,2. This has been confirmed 
by two recent studies. One of these studies showed that stenting was more cost-effective.  
Accordingly, we changed our surgical technique from non-stented to stented ureterocys-
tostomy3,4. 

However, using a routine stenting protocol, the number needed to treat (NNT) to prevent 
one urological complication is high as it ranges from 10 to 302. In addition, the optimal 
duration of stenting and method of stenting has yet to be determined. The aim of our study 
was to analyze the results of a short (5-day) external stented ureterocystostomy protocol on 
the occurrence of urological complications. 

PAtIents And metHods

All 392 consecutive patients who underwent renal transplantation between June 2003 and 
June 2007 at the Academic Medical Center, Amsterdam, were included in the study. From 
July 2005 all renal transplant recipients received a 5-day external stented ureterocystostomy. 
All procedures were single renal transplantations and performed through an extraperitoneal 
approach in the iliac fossa. The renal vein was anastomosed to the external iliac vein and the 
renal artery to the external iliac artery. The method used to establish urinary continuity was 
either the extravesical ureterocystostomy (Lich-Gregoir method) or the intravesical ure-
terocystostomy (Politano-Leadbetter method), depending on the personal preference of the 
surgeon. The ureteroneocystostomy was stented with an externally draining 8 French (Fr) 
catheter for 5 days. The stent was introduced into the bladder through a direct suprapubic 
bladder puncture and positioned in the transplant renal pelvis. The stent drained externally 
and was sutured to the bladder mucosa and to the skin. Postoperatively all patients had an 
indwelling bladder catheter. The operation day was counted as day 0. The stent was routinely 
removed on the fifth post-operative day. 

The bladder catheter was removed in all patients on day seven 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 trans-
ferred to their referral center. Standard immunosuppression consisted of prednisolone, a 
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calcineurin inhibitor, mycophenolate mofetil and prophylactic anti-CD25 monoclonal 
antibody (basiliximab). 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. Renal transplant func-
tion was monitored by serial serum and urine creatinine, urinary output and renography. 
Renal graft failure was defined as removal of the graft or loss of function requiring return 
to dialysis. After transplantation, the urinary output volumes through the stent and the 
indwelling bladder catheter, only measured in the stented group, were collected separately 
each day. A urological complication was defined as any cause (e.g. urinary fistula, leakage, 
ureteral obstruction) requiring a percutaneous nephrostomy catheter and/or surgical 
revision. Urinary tract infections and vesicoureteral reflux were not counted as urological 
complications. Urinary tract infection was defined as bacteriuria confirmed by a positive 
urine culture. If indicated, a percutaneous nephrostomy catheter was inserted and antegrade 
pyelography was performed. The nephrostomy catheter was left in place to maintain renal 
excretory function. Routinely, the nephrostomy catheter was changed every 6 weeks at our 
outpatient clinic. If the urinary obstruction persisted despite a well-functioning percutaneous 
nephrostomy catheter, an operative reconstruction was usually performed 3-6 months later. 

statistical analysis 

Comparisons of categorical data were performed using the chi-square test. Continuous data 
were compared between the groups using the Mann-Whitney U test. Univariate logistic 
regression analysis was performed to identify risk factors for urological complication. The 
graft survival rates were calculated by the Kaplan-Meier technique and the log-rank test. A 
p-value of < 0.05 was considered statistically significant. For statistical analyses the SPSS 
software package (SPSS 14.0.2, Chicago, Illinois, USA) was used.

Results

Donor and recipient characteristics are presented in Table 1. Of the 392 consecutive renal 
transplantations, 34 patients developed a urological complication (8.7%). In the non-stented 
group 21 of the 196 patients (10.7%) developed a urological complication compared to 13 
patients (6.6%) in the stented group p = 0.151. Two patients in the stented group did not 
receive a ureter stent, because of a very small bladder. One of these patients developed a 
urological complication. In the stented group, two of the 66 recipients of a living donor 
transplant (3.0%) developed a urological complication compared to 8 of the 59 recipients 
in the non-stented group p = 0.030. Eleven of 130 recipients of a deceased donor transplant 
(8.5%) in the stented group developed a urological complication compared to 13 of the 
137 recipients in the non-stented group p = 0.769. In the stented group, the 13 urological 
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complications included 10 ureteral strictures and 3 ureteral leaks. In 8 of these 13 patients, 
the urological complication was managed using a temporary percutaneous nephrostomy 
catheter only. In the remaining five, surgical revision (a neo-ureterocystostomy) was neces-
sary to correct the urological complication. In the non-stented group, the 21 urological 
complications included 15 ureteral strictures and 6 ureteral leaks. In 15 of these 21 patients, 
the urological complication was managed using a temporary percutaneous nephrostomy 
catheter only. The remaining six underwent a surgical revision. In both groups, no recurrent 
urological complication occurred after this operation and no reoperations were necessary. 
In both groups, the greater majority of all complications occurred within the first postopera-
tive month (Figure 1). After placement, the percutaneous nephrostomy catheter remained 
in situ for varying lengths of time. The mean (± SD) percutaneous nephrostomy catheter 
time (days) was 146 ± 40 (range 12-411) in the stented group and 155 ± 45 (range 17-440) in 
the non-stented group. Urinary tract infection in the stented group occurred in 41 patients 
(20.9%) compared to 45 patients (22.9%) in the non-stented group p = 0.689.

The surgical outcome is shown in Table 2. In the first 5 days, the urinary output volumes 
via the stent were significantly lower in the urological complication group than in the 
non-urological complication group (p=0.026). During this period no differences in urinary 

table 1: Demographics of donors and recipients

Variabel
no stent

n=196
stent

n=196
P-value

donor      

  Male 80 (41%) 80 (41%) 0.452

  Age      

  < 18 years 14 (7%) 10 (5%) 0.188

  18-40 years 49 (25%) 65 (33%) 0.145

  40-65 years 120 (61%) 110 (56%) 0.537

  > 65 years 13 (7%) 11 (6%) 0.836

  Left kidney 81 (41%) 113 (58%) 0.005

  Living related transplantation 59 (30%) 66 (34%) 0.448

Recipient      

  Male 121 (62%) 101 (52%) 0.047

  Age      

  < 18 years 13 (6%) 13 (7%) 0.695

  18-40 years 54 (28%) 50 (25%) 0.647

  40-65 years 108 (55%) 115 (59%) 0.475

  > 65 years 19 (9%) 18 (9%) 0.863

  First transplantation 164 (84%) 163 (83%) 0.892

  Second transplantation 29 (15%) 24 (12%) 0.460

  Third and fourth transplantation 3 (1%) 9 (5%) 0.079
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output volume through the indwelling bladder catheter between these groups were found 
(p=0.278).

The 1-month graft survival rate in patients with a urological stent was 93% (1/196) com-
pared with 93% (2/196) in patients without a urological stent. The 1-year graft survival in 
patients with a urological stent was 89% (8/196) and without a urological stent was 89% 
(14/196) (p = 0.968).

dIsCussIon 

A routine short-duration stenting protocol of 5 days resulted in a urological complication 
rate of 6.6% for all renal transplantations. There was a urological complication rate of 

Figure 1. Time interval between the operation and occurrence of the urological complication
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table 2: Surgical outcome

   
no stent n=196 stent n=196

univariate analysis 

    odds ratio¹ P-value

  Left fossa iliaca 56 (29) 46 (24) 1.30 (0.83-2.05) 0.250

  Cold ischemia time > 24(hr)   28 (14) 25 13) 1.14 (0.64-2.04) 0.658

  Anastomosis time > 45 (min)   22 (11) 20 (10) 1.11(0.59-2.11) 0.744

  Arterial reconstruction 29 (15) 27 (14) 1.09 (0.62-1.92) 0.773

  Vein reconstruction 27 (14) 18 (9) 1.58 (0.84-2.97) 0.154

  Extravesical uterocystostomy 185 (94) 183 (93) 1.20 (0.52-2.74) 0.673

  Urological complication 21 (11) 13 (7) 1.69 (0.82-3.48) 0.151

  Rejection 54 (28) 53 (27) 1.03 (0.66-1.60) 0.910

  Delayed graft function 62 (32) 60 (31) 0.98 (0.64-1.49) 0.910

Values in parentheses are * percentages or ¹ 95 per cent confidence intervals
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3.0% in transplants from living donors and 8.5% from deceased donors. Compared with 
our previously published non-stented ureteroneocystostomy series, the overall urological 
complication rate at our center has been reduced from 13.0% to 6.6%. In the living donor 
group, the urological complication rate has been reduced from 11.8% to 3.0% and in the 
deceased donor group from 13.6% to 8.5%5.

Classically, the two major etiological factors for urological complications after renal 
transplantation are surgical-technical factors and distal transplant ureteral ischemia. 
Surgical-technical factors include poor harvesting and ureterocystostomy techniques. Mea-
sures including the preservation of the periureteral vessels and fat, avoiding large incisions 
in the bladder, the reduction of ureteral length, avoiding external ureteral compression by 
the vas deferens, and creating a watertight urinary anastomosis, all decrease the incidence 
of urological complications6. The most frequent causes of urinary leakage are necrosis and 
suture failure7, whereas ureteral strictures might result from intraluminary factors such as 
calculi, blood clots or extraluminary factors such as compression of blood and lymphatic 
fluid6.

An ureterocystostomy protocol in a selected group of transplant recipients would be an 
option to reduce the high NNT for routine stenting. However, to date no useful pre- and/or 
perioperative factors have been identified that are able to predict postoperative urological 
complications and can be used for the implementation of a selective stenting protocol5,8. 
In addition, in a retrospective analysis, Georgiev et al. recently demonstrated that routine 
stenting of the ureterocystostomy is superior to stenting on demand8. 

Six of the seven randomized trials that compared stenting with no stenting, used a double-
J stent with a treatment duration of between 2 weeks and 3 months 9-14;  the seventh study 
used an external 8 Fr straight stent for 7 to 10 days15. Side effects and complications of stents, 
especially the double-J stent, include patient discomfort and irritated bladder symptoms, 
bacteriuria with or without clinical signs of infection, urosepsis, hematuria, flank and loin 
pain on the same side as the stent, dislocation of the stent, fragmentation and calcifica-
tion16.  The presence of the double-J stent for a long period increases the risk of urinary tract 
infections4. An additional disadvantage of a double-J stent is the need for a cystoscopy and 
anesthesia for stent removal. Urological complication rates of double-J stents vary between 
0% and 4%2. Junjie et al. examined the duration of stent placement and reported a lower 
urological complication rate in the group who had astent for 5-7 days (4.3%) compared with 
3-4 weeks (7.7%)17. 

Our protocol involved the use of an externally draining 8 Fr catheter for 5 days. An 
advantage of using this type of stent is that it avoids the complications associated with the 
double-J stent and the additional cystoscopy required for stent removal. Our urological 
complication rate from using a double-J stent in the living donor transplantation group 
is comparable with that found in the literature 1,2. Thus, our protocol has the additional 
advantage of eliminating the extra intervention necessary for stent removal with a com-
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parable complication rate in living donor transplant recipients. However, the 5-day period 
of stenting in the patients with transplants from deceased donors resulted in a rather high 
urological complication rate of 8.5%, if compared with a complication rate of less than 2-3% 
as reported by several randomized trials2. 

The use of a stent resulted in a significantly increased risk of a urinary tract infection when 
compared with the non-stented ureterocystostomy (relative risk 1.49, 95% CI: 1.04–2.15, 
P=0.03)2. The reported urinary tract infection prevalence was 25.8%2. Indwelling ureteral 
stents are often associated with the development of recurrent urinary tract infection. Pos-
sibly our urinary tract infection rate is lower due to the short duration of stent placement.

The main limitation of this study is the retrospective character of the historical control 
group. 

We conclude that our short-duration external stenting protocol was not adequate in the 
prevention of urological complications in renal transplantations from deceased donors. 
However, for living donor transplantation this protocol seems suitable. Protocols involving 
a longer period of stenting and other stenting techniques are subjects for future research.
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chapter 9

10-year results of the transatlantic kidney transplant airlift 
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Submitted

•

The prevalence of end-stage renal failure in Curaçao (Dutch Caribbean) is one of the high-
est in the world. In 1998, the St. Elisabeth Hospital started a unique transatlantic collabora-
tion with the Academic Medical Center (AMC) in Amsterdam, the Netherlands, and the 
Eurotransplant Foundation. The partnership aimed to achieve a structured transplantation 
programme for patients in the Dutch Caribbean, who otherwise would need lifelong dialy-
sis. The distance between the Dutch Caribbean and the Netherlands is 8000 km. This study 
is an analysis of the 10-year transplantation results of this transatlantic programme. In 41 
consecutive transplantations performed between January 1998 and April 2007 1-year graft 
survival and complication rates were retrospectively studied. Twenty-four males and 17 
females with a median age of 54 years were transplanted. The median dialysis period prior 
to transplantation was 6.8 years. The 1-year graft survival rate was 69% (95% confidence in-
terval: 52% to 80%). Initially 28 graft functioned (68%); 4 grafts showed primary non func-
tion (10%) and delayed graft function (DGF) developed in 9 patients (22%). Ten recipients 
had 16 postoperative complications. Acute rejection was diagnosed in 11 patients; in 5 this 
episode was superponed on DGF. Our transatlantic programme affords patients with end 
stage renal failure, who otherwise would need lifelong dialysis, a chance to be transplanted. 
Taking the circumstances into consideration graft survival is acceptable. Currently we are 
approaching these patients slightly differently, aiming to improve graft survival.  

•
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IntRoduCtIon 

The prevalence of end-stage renal failure in the Dutch Caribbean is one of the highest in 
the world with an estimated prevalence of 145 per 100.000 residents1. Only in Japan the 
prevalence is higher with 202 cases per 100.0002. In contrast: in the Netherlands the preva-
lence is 70 per 100.0003. The population of the Dutch Caribbean originates from a highly 
variable ethnic background and is a mixture of African, Arawak Indian, Hispanic, Jewish, 
Portuguese and Dutch origins.

The high prevalence of end-stage renal disease (ESRD) in the Dutch Caribbean is partly 
explained by the high incidence of well-known risk factors for developing renal failure such 
as hypertension, diabetes, obesity and dyslipidemia4-7. As a result the Dutch Caribbean has 
a relatively large dialysis population. 

In 1998, the St. Elisabeth Hospital in Curaçao and in 2003 the Dr. Horacio E. Oduber 
Hospital in Aruba, in collaboration with the Academic Medical Center (AMC) in Amster-
dam, the Netherlands, the Eurotransplant Foundation, Sanquin Diagnostic Services and the 
Dutch Transplantation Working Group, aimed to achieve a structured transplantation pro-
gramme for patients in the Dutch Caribbean, who otherwise would need lifelong dialysis. 
These patients were offered the opportunity to be put on the waiting list of Eurotransplant 
to receive a deceased donor kidney or to participate in the living donor transplantation pro-
gramme, when a living donor was available. An agreement with the Dutch Royal Airlines 
was made. In this agreement a seat on the first flight to Amsterdam was guaranteed for the 
renal transplant candidate in case of a donor kidney offer. This resulted in an airlift between 
the islands of Aruba, Curacao (both part of the Dutch Caribbean) and the AMC. This study 
is an analysis of the 10-year transplantation results of this transatlantic transplantation 
programme.

PAtIents And metHods

Forty-one consecutive transplantations in Dutch Caribbean recipients performed between 
January 1998 and April 2007 were retrospectively analysed.

 Patients 

Dialysis patients of the Dutch Caribbean were prepared locally according to a protocol of 
the AMC based on general accepted guidelines8,9. Blood samples of the aspirant recipients 
were sent to the department of Immunogenetics, Sanquin Diagnostic Services for Human 
Leukocyte Antigen (HLA) typing and antibodies screening. Then the patient was placed on 
the Eurotransplant waiting list in the Amsterdam region. The distance between the Dutch 
Caribbean and the Netherlands is 8.000 km, with a flying time of approximately nine hours. 
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The airport in the Netherlands is within a distance of 25 km from the transplant center. 
The time difference is 5 hours. Donor kidneys, all harvested in countries afliated to Eu-
rotransplant, were machine-preserved in order to optimize its quality. The Eurotransplant 
International Foundation is responsible for the mediation and allocation of organ donation 
procedures in Austria, Belgium, Croatia, Germany, Luxemburg, the Netherlands and Slo-
venia. The maximum distance in the Eurotransplant area is 1.300 km. A cold ischemia time 
(CIT) of 48 hours maximally was accepted. After arrival in the AMC the recipient could be 
transplanted within 1.5 hours. Implantation of the kidney was done via the extra peritoneal 
approach in the iliac fossa. Immunosuppressive therapy consisted of prednisone, a calcineu-
rin inhibitor and mycophenolate mofetil. From 2006 prophylactic anti-CD25 monoclonal 
antibody (basiliximab) was added as induction therapy. After successful transplantation all 
recipients were seen at the outpatient clinic of the AMC in the Netherlands for at least 6 
weeks of follow-up, before returning to the Dutch Caribbean. 

end-points

Immediate graft function, one-year graft survival and complications were studied. The graft 
survival was compared with a matched Dutch residents group corrected for ethnic back-
ground. In addition CIT and acute rejection episodes up to six months after transplantation 
were recorded. An urological complication was defined as any urinary fistula (leakage) and/
or ureteral obstruction, which a percutaneous nephrostomy and/or operation was neces-
sary. First episodes of acute rejection were treated with pulse doses of methylprednisolone; 
second episodes with thymoglobulin. Delayed graft function (DGF) was defined as the need 
for dialysis within the first postoperative week.

statistical analysis

Survival analysis was performed by Kaplan–Meier technique and log-rank test. A p-value 
of < 0.05 was considered statistically significant. For statistical analyses the SPSS software 
package (SPSS 14.0.2., Chicago, Illinois, USA) was used.

Results

Twenty-four males and 17 females with a median age of 54 years (range 23 - 68) were 
transplanted. The primary renal diseases of the recipients are listed in Table 1. Thirty-six 
patients were on haemodialysis and 5 patients were on peritoneal dialysis. The median 
dialysis period prior to transplantation was 6.8 years (range 1 – 20). Twenty-seven patients 
(66%) were treated for hypertension and 6 patients (15%) were treated for type 2 diabetes 
mellitus. The median body mass index was 29 kg/m2 (range 19 - 47). Thirty-eight patients 
underwent a first kidney transplantation, 2 patients a second kidney transplantation and 
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one patient a third kidney transplantation. Donor characteristics are presented in Table 2. 
Current panel-reactive antibody (PRA) level was 0% to 6% PRA in 35 (85%) and 6% to 85% 
PRA in 6 (15%). Historical panel reactivity was 0% to 6% PRA in 25 (61%), 6% to 85% PRA 
in 13 (32%) and 2 patients (5%) with more than 85% PRA (Table 3). In 3 transplantations 
no mismatches were present between the donor and recipient. One or two HLA mismatches 
were present in 9 (22%) patients, 3 or 4 HLA mismatches in 20 (49%) and 5 or 6 HLA 
mismatches in 9 (22%) patients. Twenty-nine patients (71%) received a graft mismatched 
for 1 HLA-DR allele. In 38 donors University of Wisconsin preservation solution was used 
and in 3 donors kidney Histidine-Tryptophan-Ketoglutarate (HTK) solution. 

surgical technique

Thirty-three kidneys were implanted in the right fossa iliaca and 8 kidneys in the left. Me-
dian CIT was 31 hours (range 16 – 48 hours), median operating time 150 minutes (range 
102 – 257) with an anastomosis time of 30 minutes (range 13 – 80). Renal transplant arterial 

table 1: Primary renal disease of recipients

Primary renal disease (n=41)

Hypertension 17

Diabetic nephropathy 3

Systemic lupus erytematosus  3

Chronic glomerulonephritis 2

Polycystic kidney disease 2 

Hypoplastic/dysplastic kidney 2

IgA nephropathy 1

Reflux nephropathy 1

Acute tubular necrosis due to eclampsia 1

Lithium nephrotoxicity 1

Unknown aetiology 8 

table 2: Donor characteristics

Variables

Age median years (range) 48 (12-68)

Left kidney (%) 21 (51%)

Female sex (%) 16 (39%)

Non-heart beating donor (%) 5 (12%)

Cause of death

Trauma (%) 27 (66%) 

Stroke (%) 5 (12%)

Subarachnoid hemorrhage ((%) 8 (20%)

Suicide (%) 1 (2%)  
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reconstructions were performed in four cases, venous reconstructions in three of which one 
was performed with a Poly Tetra Fluor Ethylene (PTFE) graft. Intraoperative complications 
occurred in 2 recipients (5%): during implantation the renal artery ruptured in 2 recipients 
requiring sutures for repair.

Postoperative outcome

Initially 28 graft functioned (68%); 4 grafts showed primary non function (10%) and DGF 
developed in 9 patients (22%). Ten recipients had 16 postoperative complications (39%) 
(Table 4). Acute rejection was diagnosed in 11 patients; in 5 of them this episode was 
superponed on DGF. Five patients suffered from an urological complication treated with 
a percutaneous nephrostomy catheter. In one patient a surgical revision was necessary to 
correct the urological complication. Eight grafts were lost within 3 months, due to therapy 
resistant rejection (3), sepsis (3) or thrombosis (2) (Table 5). The one-year graft survival 
rate was 69% (95% confidence interval (CI): 52% to 80%) (Figure 1). The one-year patient 
survival rate was 91%. All patients returned to the Dutch Caribbean within 3 months. In 
this cohort two patients died. The 1-year graft survival of the matched Dutch residents 
group corrected for ethnic background was 93% and the 1-year patient survival of 94%.

dIsCussIon

Our study shows that a transatlantic programme affords patients with end stage renal failure 
a chance to be successfully transplanted. However, as compared to our centre 1-year graft 
survival of 93% corrected for the ethnic background of Dutch residents, the 1-year graft 
survival rate of 69% is rather low. 

table 3 Immunological characteristics

Variables

Historical panel reactive antibody (PRA) level 

0% to 6% 25 (61%) 

6% to 85% 13 (32%) 

> 85% 2 (5%) 

Current PRA level

0% to 6% 35 (85%) 

6% to 85% 6 (15%) 

HLA mismatch

0 3 (7%) 

1 or 2 9 (22%) 

3 or 4 20 (49%) 

5 or 6 9 (22%)
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Kidney transplantation is considered to be the optimal treatment for ESRD; compared 
with long-term dialysis, it confers a better quality of life, a longer life expectancy and lower 
costs10-13. However, previous research mainly from the United States, has demonstrated the 

table 4: Postoperative outcome

Postoperative outcome

Postoperative complications (no.) 16 (39%)

Major complications 5 (12%)

Re-operation due to bleeding 2

Urosepsis 2

Peritonitis 1

Minor complications 11 (27%)

Urinary tract infection 2

Supraventricular tachycardia 2

Deep vein thrombosis 2

Lymphoceles 2

Pyelonephritis 1

Wound infection 1

Pneumonia 1

Delayed graft function (no.) 9 (22%)

Acute rejection (no.) 11 (27%)

Urological complication (no.) 5 (12%)

1-week postoperative serum creatinine (μmol/L) [median (range)] 317.0 (63-1116)

1-month postoperative serum creatinine (μmol/L) [median (range)] 145.5 (61-750)

3-months postoperative serum creatinine (μmol/L) [median range)] 136.5 (97-500) 

1-year graft survival (95% confidence interval) 69% (52-80)

table 5: Characteristics of the kidney graft losses

patient original disease
years 

on 
dialysis

HLA 
mismatch

PRA 
%

CIT
direct 

postoperative 
function

rejection
immune 

suppression
Cause

1 unknown aetiology 9 2-2-1 0 1.810 yes no 0 thrombosis

2 hypertension 6 2-2-1 0 2.850 no yes 0 rejection

3 hypertension 7 1-1-1 0 1.440 yes yes 0 rejection

4 hypertension 20 2-2-2 0 1.920 yes no 0 sepsis

5 unknown aetiology 9 1-1-1 23 1.440 yes no 1 sepsis

6 hypertension 5 1-2-1 0 2.837 no yes 1 rejection

7 hypoplastic kidney 9 1-2-1 0 1.954 yes no 1 thrombosis

8 reflux nephropathy 7 1-2-0 0 2.040 yes no 1 urosepsis

immune suppression 0 = prednisone, a calcineurin inhibitor and mycophenolate mofetil
immune suppression 1 = prednisone, a calcineurin inhibitor, mycophenolate mofetil and basiliximab
CIT = cold ischemia time in minutes
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presence of significant barriers to access to transplantation services for racial minorities, 
women, and patients with low socioeconomic status or inadequate insurance14-17. The 
factors contributing to this disparity in access to renal transplantation, include perceived 
differences in patient preferences, differential rates and timing of referrals, variation in the 
rates and timeliness of the completion of transplant evaluations, and organ allocation poli-
cies favoring highly matched donors and recipients18-22. Another explanation for disparity in 
access to renal transplantation is remote living location23,24.

Several factors might explain our 1-year graft survival rate. First, mean cold ischemia time 
was rather long. Prolonged CIT (>24 hours) is a strong risk factor for DGF and graft loss25,26 
and adversely affects graft survival27-31. Additionally, DGF and acute rejections episodes are 
also significant determinants of short- and late graft survival25. The median CIT of 31 hours 
(range 16 – 48 hours) in our study is mainly a result of the travelling distance between both 
places. A longer distance travelled by the kidneys increases the risk of long term graft loss31. 
However this factor cannot easily be changed. Secondly, when the transatlantic airlift was 
started, the first recipients were those on haemodialysis for a long time (mean 6.8 years). 
Prolonged dialysis is a risk factor for allograft loss due to cardiovascular and infectious 
complications. Indeed, mean dialysis time in the group with an unsuccessful transplanta-
tion was 8.9 years. Thirdly, our group of transatlantic patients experienced a relatively high 
incidence of rejections and these rejections were relatively frequent steroid resistant.

In order to improve the results in this particular patient group, we decided to accept only 
heart beating donor kidneys, since for non-heart beating donor kidneys rapid implantation 

Figure 1. Renal graft survival at one year. The dashed line represents the transatlantic group and the other 
line represents the reference group.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
No. at risk        
Transatlantic group 34 14 4 3 3 3 2 
Reference group 32 29 28 27 26 23 18 
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Log rank p = 0.066 
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is even more important. We try to speed up the logistical and pre-operative preparations 
even more to diminish cold ischemia time. We adjusted the immunosuppressive protocol 
and all new patients will be treated with basiliximab and with tacrolimus, cellcept en pred-
nisolone. Fourthly, we decided to accept only kidney donors with at least one HLA-DR 
match. Even with the present use of very effective immunosuppressive therapy fully HLA 
matched kidney grafts are still superior in graft survival, showing the lowest graft survival in 
six HLA mismatched patients32. Of two major classes of major histocompatibility complex 
(MHC) antigens, class II antigens (HLA-DR) matching is the most important resulting in a 
significant improvement in graft outcome33,34. And we renewed our pretransplant screening 
protocol, trying to avoid risk factors for graft failure, such as an elevated PTH and obesity. 

In conclusion, our transatlantic programme affords patients with end stage renal failure, 
who otherwise would need lifelong dialysis, a chance to be transplanted. Taking the circum-
stances into consideration graft survival is acceptable.  
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Summary 

Part I Hand-assisted laparoscopic donor nephrectomy

Although the advent of hand-assisted laparoscopic donor nephrectomy has increased the 
number of available donors, there is still some concern about the increased morbidity and 
safety of the laparoscopic donor nephrectomy. In Chapter 2, we compare the results of 
hand-assisted laparoscopic donor nephrectomy with those of open donor nephrectomy at 
our institution over the past 11 years. Between January 1995 and April 2006, 202 living donor 
nephrectomies were carried out (158 hand-assisted laparoscopic donor nephrectomies and 
44 open donor nephrectomies). Following hand-assisted laparoscopic donor nephrectomy, 
the mean creatinine values at day 7 and 1 month (P = 0.001 and P = 0.002), and the urologi-
cal complication rate (P = 0.02) were significantly lower than in open donor nephrectomy. 
The mean donor hospital stay (4.9 days vs. 9.6 days, P < 0.001) was significantly shorter in 
hand-assisted laparoscopic nephrectomy. The 1-year graft survival rate after hand-assisted 
laparoscopic donor nephrectomy was 95% and after the open donor nephrectomy, 84% (P 
= 0.006). The results of this retrospective cohort analysis demonstrate that hand-assisted 
laparoscopic donor nephrectomy is at least as effective as, if not superior to open donor 
nephrectomy in terms of graft function and graft survival. Hand-assisted laparoscopic 
donor nephrectomy is a safe procedure and our first choice in living donor nephrectomy 
due to improved cosmetic results, lower rates of postoperative complications and reduction 
in hospital stay.

In a single-centre randomized controlled trial (Chapter 3) we assessed whether right or 
left donor nephrectomy in living renal transplantation is to be preferred, providing both 
kidneys are equal in terms of anatomy. In sixty randomized donors, no differences between 
left and right-sided donor nephrectomy were detected in donor hospital stay, donor quality 
of life, donor and acceptor complication rates, or graft survival. However, operation time for 
hand-assisted laparoscopic donor nephrectomy of the right kidney was significantly shorter 
(150 min, range 92–219) than that of hand-assisted laparoscopic donor nephrectomy of the 
left kidney (180 min, range 117–266, 95% confidence interval [CI] 3.93–46.38, P=0.021). 
Therefore, right hand-assisted laparoscopic donor nephrectomy is our first choice if both 
kidneys have similar anatomy. The main limitation of this study was the small sample size 
and therefore we cannot draw any conclusions about differences on items other than opera-
tion time between left- and right-sided hand-assisted laparoscopic donor nephrectomy. 
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Delayed graft function has a negative impact on the results of living kidney transplanta-
tion. In a prospective study we investigated the potential risk factors for delayed graft func-
tion after living donor transplantation (Chapter 4). Delayed graft function was diagnosed 
in 12/200 patients (6%). One donor risk factor for delayed graft function was identified, i.e. 
multiple renal veins (odds ratio (OR) 151.57, 95% confidence interval (CI): 2.53-9093.86). 
The laparoscopic technique did not increase the risk of delayed graft function. Hand-assisted 
laparoscopic donor nephrectomy was shown to be a safe procedure in respect to donor 
morbidity rates and graft survival judging by the low conversion rate (< 3%). The small 
number of events and the wide confidence interval restrict the strength of our conclusions.

The use of older living kidney donors remains a controversial issue, due to the physi-
ological decline in glomerular filtration rate and their increased susceptibility to surgical 
complications. Little is known about the quality of life after donation in this group. In 
Chapter 5 we examine surgical outcome and the quality of life in older living donors, de-
fined as 55 years and older. There were no significant differences in intra- and postoperative 
complication rates or in the 1-year graft survival rate between younger (<55 years) and older 
donors. Quality of life was recorded preoperatively and at several endpoints postoperatively. 
Although small solitary significant differences exist with respect to pain, social functioning 
and mental health, in general, older donors maintain a similar quality of life to younger 
donors. We interpret these differences as coincidental findings, as most of the initial differ-
ences were solitary findings in differing non-related dimensions. We conclude that there is 
no need to exclude older people from becoming donors. 

Part II surgical techniques and outcome

We analyzed 720 consecutive renal transplantations retrospectively in order to investigate 
the impact of additional vascular reconstructions on graft survival (Chapter 6). One-week 
graft survival was the primary endpoint. One hundred forty-five (20.1%) renal grafts re-
quired one or more arterial and/or venous reconstructions. Arterial reconstructions had no 
significant effect on 1-week graft survival (p = 0.387). Venous reconstructions had a higher 
failure rate (OR, 7.15; 95% CI, 1.17– 43.60), especially venous reconstruction without using 
the caval vein (OR, 27.24; 95% CI, 4.24 –176.04). In contrast, reconstructions using the 
caval vein gave excellent results. The main limitation of this study was the wide confidence 
interval, which limited the strength of our conclusions.

Despite careful surgical techniques and improved immunosuppressive drug therapy, uro-
logical complications remain a considerable cause of morbidity after renal transplantation. 
The incidence of urological complications ranges from 2.5% to 30%. Routine stenting of 
the ureterocystostomy during renal transplantation lowers the urological complication rate, 
but increases patient morbidity. Routine stenting results in a significantly increased risk of 
urinary tract infection, when compared with the non-stented ureterocystostomy (relative 
risk 1.49, 95% CI: 1.04–2.15, P=0.03). Using a routine stenting protocol, the number needed 
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to treat to prevent one urological complication is considerable, ranging from 10 to 30. In 
an attempt to identify risk factors which can be used in the implementation of a selective 
stenting ureterocystostomy protocol, we retrospectively studied urological complications in 
475 transplantations (Chapter 7). A urological complication was defined as any cause lead-
ing to the placement of a percutaneous nephrostomy catheter and/or surgical revision of 
the ureterocystostomy. Urological complications occurred in 62/475 (13%) patients. In 29 
of these 62 patients (6.1%), a temporary percutaneous nephrostomy catheter was necessary 
and in 33 (6.9%) patients, surgical revision was required. Episodes of acute rejection and 
delayed graft function were identified as the only independent risk factors for a urological 
complication. However, since these two determinants occur postoperatively, they cannot be 
used for the implementation of a selective stenting protocol.

To reduce the high percentage of urological complications described in Chapter 7, we 
started a 5-day stented ureterocystostomy protocol to reduce the frequency of urological 
complications (Chapter 8). A single-centre analysis of a cohort of 392 kidney transplanta-
tions between June 2003 and June 2007 was conducted. From July 2005, all renal transplant 
recipients received a 5-day stented ureterocystostomy. A urological complication occurred 
in 34/392 (8.7%) patients. In the non-stented group 21/196 (10.7%) patients developed a 
urological complication compared with 13/196 (6.6%) patients in the stented group p = 
0.151. In the stented group, 2/66 (3.0%) recipients of a living donor transplant developed a 
urological complication compared with 8/59 (13.6%) recipients in the non-stented group p 
= 0.030. Eleven of 130 (8.5%) recipients of a deceased donor transplant in the stented group 
developed a urological complication compared with 13/137 (9.5%) recipients in the non-
stented group p = 0.769. We conclude that a 5-day routine stent protocol is efcacious in 
living donor renal transplantation in preventing early postoperative ureter obstruction, but 
that it is unsuitable for deceased donor renal transplantation. Future plans are to prolong 
the duration of external stenting by an extra five days, especially in deceased donor renal 
transplant recipients. 

In Curaçao (Dutch Caribbean), the prevalence of end-stage renal failure is one of the 
highest in the world. In 1998, in collaboration with the Academic Medical Center in Amster-
dam, the Netherlands, and the Eurotransplant Foundation, the St. Elisabeth Hospital started 
a structured transplantation programme for patients in the Dutch Caribbean. In Chapter 
9, we analyse the 10-year transplantation results of this transatlantic programme. Between 
January 1998 and April 2007, 41 patients from the Dutch Caribbean were transplanted. The 
one-year graft survival rate was 69% (95% CI, 52% to 80%). Initial graft function occurred 
in 28 patients (68%); primary non-function occurred in 4 (10%), and delayed graft function 
in 9 patients (22%). Several factors (a long cold-ischaemia time, prolonged dialysis prior to 
transplantation, and a relatively high incidence of steroid resistant rejections) might explain 
this 1-year graft survival rate. Although our transatlantic kidney transplant programme is 
an affordable option for the majority of patients with end-stage renal failure in the Dutch 
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Caribbean, we have undertaken several ameliorations (accepting only kidneys from a heart-
beating donor, speeding up the logistical and pre-operative preparations and adjusting the 
immunosuppressive protocol) to improve 1-year graft survival.
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deel I Hand-geassisteerde laparoscopische donornefrectomie 

Hoewel de komst van hand-geassisteerde laparoscopische donornefrectomie een positief 
effect op de donorpool heeft gehad, is er nog steeds bezorgdheid over de verhoogde morbi-
diteit en de veiligheid van deze techniek. In Hoofdstuk 2 vergeleken wij over een periode 
van 11 jaar de resultaten van hand-geassisteerde laparoscopische donornefrectomie met 
de open donornefrectomie. Tussen januari 1995 en april 2006 werden 202 levende donor-
nefrectomieën uitgevoerd (158 hand-geassisteerde laparoscopische donornefrectomieën en 
44 open donornefrectomieën). Na hand-geassisteerde laparoscopische donornefrectomie 
waren de gemiddelde creatinine waarden op dag 7 en na 1 maand (P = 0.001 en P = 0.002) 
en de urologische complicatie-percentages (P = 0.02) lager dan na open donornefrectomie. 
Het gemiddelde ziekenhuisverblijf (4.9 dagen vs. 9.6 dagen, P < 0.001) was significant 
korter voor de hand-geassisteerde laparoscopische groep. De 1-jaars transplantaatoverle-
ving van open donornefrectomie en de hand-geassisteerde laparoscopische groep waren 
respectievelijk 84% en 95% (P = 0.006). Deze analyse toont dat de hand-geassisteerde 
laparoscopische donornefrectomie minstens zo effectief is als open donornefrectomie in 
termen van transplantaat functie en transplantaat overleving. Hand-geassisteerde laparo-
scopische donornefrectomie blijkt een veilige procedure te zijn en onze eerste keus in de 
levende nierdonatie vanwege verbeterde cosmetiek, minder postoperatieve complicaties en 
een korter ziekenhuis verblijf. 

Een gerandomiseerde studie (Hoofdstuk 3) werd uitgevoerd om te beoordelen of - bij 
gelijke functie en anatomie - de rechter dan wel de linker nier bij nierdonatie te prefere-
ren is. De rechter hand-geassisteerde laparoscopische donornefrectomie (150 min, range 
92–219) bleek een beduidend kortere operatietijd te hebben dan de hand-geassisteerde 
laparoscopische donornefrectomie van de linkernier (180 min, range 117–266, 95% be-
trouwbaarheidsinterval [BI] 3.93–46.38, P=0.021). Er werden geen verschillen ontdekt in 
de duur van ziekenhuisverblijf, de kwaliteit van leven van donoren, donor en ontvanger 
complicatie-percentages, of transplantaat overleving tussen de linker en rechter nier uit-
name. De rechter hand-geassisteerde laparoscopische donornefrectomie is dan ook onze 
eerste optie bij gelijke functie en anatomie van beide nieren. De belangrijkste beperking van 
deze studie is de kleine steekproef grootte. Hierdoor kunnen we geen conclusies trekken 
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over andere verschillen behoudens de operatietijd tussen de rechter en de linker hand-
geassisteerde laparoscopische donornefrectomie. 

Het is bekend dat een vertraagde start van transplantaatfunctie (delayed graft func-
tion) een negatieve invloed heeft op de resultaten van levende niertransplantatie. In een 
prospectieve studie zochten wij naar potentiële risicofactoren voor een vertraagde start 
van transplantaatfunctie (Hoofdstuk 4). Vertraagde start van transplantaatfunctie werd 
gediagnosticeerd in 12/200 patiënten (6%). Een donorrisicofactor werd geïdentificeerd: 
de aanwezigheid van meerdere niervenen (odds ratio (OR) 151.57, 95% BI: 2.53-9093.86). 
De hand-geassisteerde techniek had geen verhoogde kans op een vertraagde start van 
transplantaatfunctie. Kijkend naar het conversiepercentage (< 3%), de donormorbiditeit 
en transplantaatoverleving, bleek de hand-geassisteerde laparoscopische donornefrectomie 
een veilige operatie. De kleine aantallen en wijde betrouwbaarheidsintervallen beperken 
ons in het trekken van harde conclusies.

Het gebruik van oudere levende nierdonoren blijft controversieel wegens de fysiologische 
afname in glomerulaire filtratiesnelheid en de verhoogde vatbaarheid voor chirurgische 
complicaties op oudere leeftijd. Er is echter weinig bekend over de kwaliteit van leven 
van deze oudere groep donoren. In Hoofdstuk 5 onderzochten wij zowel de chirurgische 
resultaten als de kwaliteit van leven in oudere levende donoren, welke zowel preoperatief 
als op verscheidene postoperatieve tijdsmomenten werden gemeten. Oudere donoren 
werden gedefinieerd als 55 jaar of ouder. Er waren geen significante verschillen in intra- en 
postoperatieve complicatie percentages en 1-jaars transplantaatoverleving tussen beide 
groepen. Hoewel er enkele kleine significante verschillen op het gebied van pijn, sociaal 
functioneren en geestelijke gezondheid tussen oudere en jongere donoren bestaan, hebben 
zij over het algemeen een gelijkwaardig kwaliteit van leven. Wij interpreteren deze verschil-
len als toevalsbevindingen, aangezien de meeste verschillen solitaire bevindingen zijn in 
niet-gerelateerde subschalen. Er is dan ook geen reden om oudere donoren uit te sluiten van 
screeningsprogramma’s voor nierdonatie. 

deel II Chirurgisch techniek en uitkomsten 

In een retrospectieve analyse, analyseerden wij 720 opeenvolgende niertransplantaties om 
te onderzoeken wat het resultaat van vasculaire reconstructies van de niervaten op de trans-
plantaatoverleving was (Hoofdstuk 6). De 1-week transplantaatoverleving was het primaire 
eindpunt. Honderdvijfenveertig (20.1%) donornieren hadden een arteriële en/of veneuze 
reconstructie nodig. Arteriële reconstructies hadden geen significant effect op de trans-
plantaatoverleving van één week (p = 0.387). Veneuze reconstructies hadden een hogere 
kans op transplantaat falen (OR, 7.15; 95% BI, 1.17 - 43.60), vooral veneuze reconstructies 
zonder het gebruik van de vena cava (OR, 27.24; 95% BI, 4.24 - 176.04). De resultaten van 
veneuze reconstructies met vena cava extensie waren uitstekend. Een belangrijke beperking 
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van deze studie zijn de wijde betrouwbaarheidsintervallen, waardoor we minder stringente 
conclusies kunnen trekken. 

Ondanks verbeterde chirurgische technieken en vernieuwde immunosuppressieve 
therapie, blijven de urologische complicaties een belangrijke oorzaak van morbiditeit na 
niertransplantatie. De incidentie van urologische complicaties varieert van 2.5% tot 30%. 
Het routinematige spalken van de ureter-blaasanastomose tijdens niertransplantatie ver-
mindert het urologische complicatiepercentage, maar verhoogt ook de morbiditeit van 
de patiënt. Het gebruik van een routine spalk resulteert in een significant verhoogd risico 
op een urineweg infectie vergeleken met het niet spalken van de ureter-blaasanastomose 
(relatieve risico 1.49, 95% BI: 1.04-2.15, P=0.03). Het aantal te behandelen patiënten om 
één urologische complicatie te voorkomen is tamelijk hoog bij een routine spalk protocol, 
variërend van 10 tot 30. In Hoofdstuk 7 probeerden wij risicofactoren te identificeren, die 
de implementatie van een protocol mogelijk maakt om de ureter-blaasanastomose selec-
tief te spalken. De plaatsing van een percutane nefrodrain en/of chirurgische revisie van 
ureter-blaasanastomose werd gedefinieerd als een urologische complicatie. In 62/475 (13%) 
patiënten kwamen urologische complicaties voor. In 29 van deze 62 patiënten (6.1%) was 
een tijdelijke percutane nefrodrain noodzakelijk en in 33 (6.9%) was chirurgische revisie 
vereist. Alleen acute rejectie en delayed graft function waren onafhankelijke risicofactoren 
voor een urologische complicatie. Deze risicofactoren zijn onbruikbaar voor de implemen-
tatie van een protocol om de ureter-blaasanastomose selectief te spalken, aangezien zij 
postoperatief optreden.

Om het hoge percentage van urologische complicaties zoals beschreven in hoofdstuk 7 
te verminderen, werd een protocol gestart waarbij de ureter-blaasanastomose voor 5 da-
gen extern gespalkt werd (Hoofdstuk 8). Tussen juni 2003 en juni 2007 analyseerden we 
392 niertransplantaties. Vanaf juli 2005 startte het protocol. Een urologische complicatie 
kwam in 34/392 (8.7%) patiënten voor. In de niet-gespalkte groep ontwikkelden 21/196 
(10.7%) patiënten een urologische complicatie vergeleken met 13/196 (6.6%) patiënten in 
de gespalkte groep p = 0.151. In de gespalkte groep ontwikkelden 2/66 (3.0%) ontvangers 
van de levende donorgroep een urologische complicatie vergeleken met 8/59 (13.6%) ont-
vangers in de niet-gespalkte groep p = 0.030. In de gespalkte groep ontwikkelden 11/130 
(8.5%) patiënten van de postmortale donorgroep een urologische complicatie vergeleken 
met 13/137 (9.5%) patiënten van de levende donorgroep (p = 0.769). Het routinematig 
extern spalken voor 5 dagen van de ureter-blaasanastomose bleek doeltreffend voor de 
levende donortransplantatie om vroege postoperatieve ureterobstructies te voorkomen, 
maar voor de postmortale donortransplantatie leek deze periode ontoereikend. Het plan is 
om de externe spalk 5 dagen langer in situ te laten, met name bij patiënten na postmortale 
donortransplantatie.

De prevalentie van eindstadium nierfalen in Curaçao op de Nederlandse Antillen is één 
van hoogste in de wereld. In 1998, begon het St. Elisabeth Ziekenhuis in samenwerking met 
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het Academisch Medisch Centrum te Amsterdam en Stichting Eurotransplant een gestruc-
tureerd transplantatieprogramma voor patiënten in de Nederlandse Antillen. In Hoofdstuk 
9 analyseerden wij de 10 jaars transplantatie resultaten van dit transatlantische transplanta-
tieprogramma. Tussen januari 1998 en april 2007 werden 41 patiënten van de Nederlandse 
Antillen getransplanteerd. De 1-jaars transplantaat overleving was 69% (95% BI, 52% tot 
80%). In 28 patiënten (68%) was er direct transplantaatfunctie; bij 4 patiënten (10%) 
functioneerde de nier niet vanaf het begin, en een vertraagde start van transplantaatfunctie 
kwam in 9 patiënten (22%) voor. Verschillende factoren (lange koude ischemietijd, lange 
dialyse periode voorafgaand aan de transplantatie en een relatief hoge incidentie van steroïd 
resistente rejecties) verklaren mogelijk onze 1-jaars transplantaatoverleving. Hoewel ons 
transatlantisch niertransplantatie programma voor de meerderheid van patiënten met 
eindstadium nierfalen in de Nederlandse Antillen een geoorloofde optie is, blijven de 
resultaten beduidend achter bij onze uit Nederland komende patiënten. Inmiddels hebben 
wij verschillende maatregelen getroffen om onze 1-jaars transplantaatoverleving in deze 
patiënten groep te verbeteren, zoals het niet meer accepteren van ‘non-heart beating’ donor-
nieren, wijzigingen in de logistiek; het versnellen van de preoperatieve voorbereiding en 
aanpassingen in het immunosuppressieve protocol.
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