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chapter 4

Risk factors for delayed graft function after hand 
assisted laparoscopic donor nephrectomy

R.C. Minnee, W.A. Bemelman, K.A.M.I. Donselaar-van der Pant, J.Booij, S. ter Meulen, 
I.J.M. ten Berge, D.A. Legemate, F.J. Bemelman, M.M. Idu

Submitted

•

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.

•
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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



43

Risk factors for delayed graft function

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.
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