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Nephrectomy: Hand-Assisted Laparoscopic vs. Open Procedures
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Purpose: Laparoscopic donor nephrectomy is associated with less postoperative pain 
and faster recovery times in living kidney donors. However, pneumoperitoneum, which 
is required in laparoscopic donor nephrectomy, can result in adverse effects on renal 
function in donors and recipients. We compared renal function in donors and recipients 
after hand-assisted laparoscopic donor nephrectomy (HALDN) and open donor neph-
rectomy (ODN).
Materials and Methods: Between January 1997 and January 2008, 241 live donor neph-
rectomies were performed by either HALDN (n=118) or ODN (n=123). Preoperative pa-
tient characteristics were not significantly different between the donors and recipients. 
We monitored the changes in serum creatinine levels of the donors and recipients pre-
operatively and on postoperative days 1, 5, 28, 84, and 365.
Results: The mean operative times of HALDN and ODN were 171 and 163 minutes 
(p=0.284), and the mean warm ischemic times were 292 and 236 seconds (p=0.207), 
respectively. The mean serum creatinine level in the recipients on postoperative day 
1 was significantly higher after HALDN than after ODN (3.48 vs. 2.62 mg/dl, p=0.003). 
However, from postoperative day 5 to 1 year, there was no significant difference between 
the two groups. The mean serum creatinine level in the donors was not significantly 
different between the HALDN and ODN groups throughout the study period.
Conclusions: Renal function recovery in the donors was similar with both HALDN and 
ODN. Graft renal function recovery after HALDN was comparable with that after ODN, 
except immediately after surgery (postoperative day 1).
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INTRODUCTION

Kidney transplantation is the preferred treatment for end- 
stage renal failure; however, there is still a lack of trans-
plantable organs [1]. In addition to the increased utiliza-
tion of marginal cadaveric donors, living organ donation 
has become an alternative means to increase the number 
of available organs. Before the laparoscopic technique was 
introduced in the urologic field, open donor nephrectomy 
(ODN) had been the standard method for live donor neph-
rectomy (LDN). However, a rapid postoperative recovery 
and return to an active social life have always been con-
cerns, because most donors are healthy and socially active 
people. 
　Since the first laparoscopic LDN was performed in 1995 
by Ratner et al [2], several studies have shown shorter hos-

pital stays, less postoperative pain, and faster times to re-
turn to work after LDN than after ODN. However, LDN has 
its limitations, including potentially longer operating 
times, longer warm ischemic times, and longer learning 
curves for the surgeons compared with ODN [3-5]. It also 
has been reported that laparoscopic surgery causes more 
ureteral complications and that pneumoperitoneum has 
adverse effects, which can trigger rejection or delayed graft 
function as well as poor recovery of the remaining kidney 
in the donor [1,6,7]. However, hand-assisted laparoscopic 
donor nephrectomy (HALDN) has achieved widespread 
success because it is a safer procedure for both recipient and 
donor than are the open or the pure laparoscopic proce-
dures [8-10]. Although several recent studies reported that 
pure LDN had similar or better results than HALDN 
[11,12], HALDN is generally easier to perform than is pure 



Korean J Urol 2010;51:245-249

246 Kim et al

TABLE 1. Preoperative characteristics of the donors and recipients

Characteristics
HALDN 
(n=118)

ODN 
(n=123)

p-value

Donor
  Age (years) 39.5 (18-67) 40.5 (23-67) 0.722
  Sex (male/female) 65/53 75/48 0.354
  BMI (kg/m2) 23.1 23.7 0.230
  Multiple renal artery 24 19 0.321
  Left/Right 88/30 98/25 0.346
Recipient
  Age (years) 35.4 (18-67) 36.5 (19-61) 0.425
  Sex (male/female) 81/37 81/42 0.645
  BMI (kg/m2) 22.4 21.7 0.220

HALDN: hand-assisted laparoscopic donor nephrectomy, ODN: 
open donor nephrectomy, BMI: body mass index

TABLE 2. Comparison of operative parameters between the 
HALDN and the ODN groups

Variables
HALDN 
(n=118)

ODN 
(n=123)

p-value

Donor
Operation time
 (min, Mean±SD)

171±47 163±25 0.284

Warm ischemic time 
 (sec, Mean±SD)

292±139 236±88 0.207

Estimated blood loss
  (ml, Mean±SD)

207±78 232±101 0.110

Time to oral intake
 (days, Mean±SD) 

1.4±0.6 2.0±0.7 0.077

Surgical complications
 (No. of patients [%])

2 (1.7%) 0 (0%) 0.184

Hospital stay
 (days, Mean±SD)

5.9±2.3 6.8±3.1 0.058

Mean analgesics use
 (diclofenac sodium,
  mg, Mean±SD)

168±54 302±78 0.033

Mean length of surgical
 wound (cm, Mean±SD)

7.5±1.7 18.1±4.1 0.001

Recipient
Double-J stent insertion (%) 12 (10.2) 10 (8.1) 0.583
Ureteral complications
 (No. of patients [%])

4 (3.4) 7 (5.7) 0.392

HALDN: hand-assisted laparoscopic donor nephrectomy, ODN: 
open donor nephrectomy, SD: standard deviation

LDN. Despite the advantages of HALDN, the impact of 
pneumoperitoneum on kidney function in the donor and re-
cipient remains controversial. Some studies have shown a 
decrease in short-term graft function in recipients of lapa-
roscopically procured kidneys [13,14], whereas other stud-
ies have shown no differences [3,15,16]. We compared renal 
function in both donors and recipients after HALDN and 
ODN.

MATERIALS AND METHODS

We retrospectively reviewed the medical records of donors 
and recipients after 118 HALDNs and 123 ODNs per-
formed between January 1997 and February 2008. All do-
nors underwent a routine preoperative evaluation, includ-
ing a renal scan with glomerular filtration rate (GFR) mea-
surement, three-dimensional magnetic resonance angiog-
raphy, and/or aortography. The rationale for donor kidney 
selection for HALDN was identical to the standard princi-
ples used for ODN. When the kidneys were equal, the left 
kidney was selected to take advantage of the longer renal 
vein. However, if the left renal vascular anatomy was un-
favorable compared with that of the right, the right kidney 
was selected. HALDN was performed transperitoneally, 
and ODN was performed retroperitoneally through a flank 
incision. Mannitol was given before renal vascular clamp-
ing in all patients. Surgery in the recipient was performed 
through a Gibson incision with creation of standard vascu-
lar anastomoses and extravesical ureteroneocystostomy.
　Preoperative demographic data of the donors and recipi-
ents are shown in Table 1. Although this was a nonrando-
mized and retrospective study, characteristics at baseline 
(e.g., age, sex, and body mass index) were not significantly 
different between the donors and the recipients. There 
were 24 and 19 patients with multiple renal arteries in the 
HALDN and ODN groups, respectively (p=0.321). A right 
side nephrectomy was performed in 30 patients in the 
HALDN group and in 25 patients in the ODN group (p= 
0.346) (Table 1). Serum creatinine levels were measured 

preoperatively and on days 1, 5, 28, 84, and 365 post-
operatively. The GFR measured by renal scan was checked 
preoperatively and on days 84 and 365 postoperatively. 
The warm ischemic time was defined as the time from renal 
artery occlusion to kidney reperfusion. Categorical varia-
bles were compared with the chi-square test. Continuous 
variables were compared with Student’s t-test. All analy-
ses were conducted by using SPSS 12.0 for Windows, and 
statistical significance was accepted at a p-value less than 
0.05.

RESULTS

The mean operative times of HALDN and ODN were 171 
and 163 minutes (p=0.284), and the mean warm ischemic 
times were 292 and 236 seconds (p=0.207), respectively. 
There was less use of analgesics and shorter lengths of sur-
gical wounds in the HALDN group than in the ODN group. 
If a short ureter length or swelling at the anastomosis site 
was found, a double-J stent was inserted in the ureter of 
the recipient (HALDN: 12; ODN: 10; p=0.583). Four ureter-
al complications occurred in the HALDN group, and seven 
occurred in the ODN group (p=0.392) (Table 2). There were 
no significant differences in preoperative baseline serum 
creatinine levels between the donors and the recipients of 
either the HALDN or the ODN group.
　Postoperative changes in serum creatinine levels in both 
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FIG. 1. Changes in serum creatinine levels in donors after hand- 
assisted laparoscopic donor nephrectomy and open donor neph-
rectomy.

FIG. 2. Changes in serum creatinine levels in recipients after 
hand-assisted laparoscopic donor nephrectomy and open donor 
nephrectomy.

TABLE 3. Perioperative mean serum creatinine levels and GFR 
in donors and recipients

Variables
HALDN 
(n=118)

ODN 
(n=123)

p-value

Serum creatinine (mg/dl, Mean±SD)
Donor

Preoperative 0.81±0.17 0.86±0.18 0.069
POD 1 1.11±0.22 1.19±0.27 0.055
POD 5 1.12±0.22 1.20±0.25 0.209
POD 28 1.12±0.24 1.18±0.23 0.199
POD 84 1.13±0.25 1.18±0.21 0.103
POD 365 1.13±0.28 1.20±0.26 0.126

Recipient
Preoperative 10.35±2.87 10.01±3.40 0.501
POD 1 3.48±1.89 2.62±1.39 0.003
POD 5 1.41±1.45 1.42±1.18 0.920
POD 28 1.20±0.49 1.22±0.27 0.620
POD 84 1.15±0.33 1.25±0.30 0.054
POD 365 1.29±1.01 1.30±0.27 0.927

GFR (ml/min, Mean±SD)
Donor

Preoperative 105.04±21.70 99.10±19.20 0.130
POD 84 69.20±14.48 63.96±12.95 0.271
POD 365 62.46±13.71 60.74±14.97 0.394

Recipient
Preoperative 9.09±3.22 9.00±2.57 0.415
POD 84 59.78±10.85 55.12±13.48 0.211
POD 365 52.91±15.96 50.35±14.75 0.478

Acute rejection (%) 8 (6.8) 7 (5.1) 0.435
1-year graft survival (%) 114 (96.6) 121 (98.4) 0.382

GFR: glomerular filtration rate, HALDN: hand-assisted laparo-
scopic donor nephrectomy, ODN: open donor nephrectomy, SD: 
standard deviation, POD: postoperative day

the donors and the recipients are shown in Fig. 1 and Fig. 
2, respectively. The mean serum creatinine level in the re-
cipients on postoperative day 1 was significantly higher in 
the HALDN than in the ODN group (3.48 vs. 2.62 mg/dl, 
p=0.003). However, from postoperative day 5 to 1 year, 
there was no significant difference between the two groups. 
Mean serum creatinine was not significantly different be-
tween the two donor groups throughout the study periods. 
From the third postoperative month, serum creatinine in 
the HALDN and ODN donor groups remained 39% (0.81→
1.13 mg/dl) and 37% (0.86→1.18 mg/dl) higher than pre-
operative values, respectively. The mean GFR in the do-
nors and the recipients was not significantly different be-
tween the two groups on days 84 and 365 postoperatively. 
Acute rejection occurred in 8 patients in the HALDN group 
(6.8%) and in 7 in the ODN group (5.1%) (p=0.435). One- 
year graft survival rates in the HALDN and ODN groups 
were 96.6% (114/118) and 98.4% (121/123), respectively 
(p=0.382) (Table 3).

DISCUSSION

Since 1995, when Ratner et al reported their first experi-
ence with laparoscopic live donor nephrectomy [2], the ad-
vantages for donors have interested many transplant cen-
ters worldwide. The advantages include less postoperative 
pain, shorter hospital stay, faster recovery times, and few-
er long-term complications, such as neuralgia and hernia-
tion [1,6]. However, the pure laparoscopic technique for liv-
ing donor nephrectomy is a technically difficult procedure, 
and the longer operating times and warm ischemic times 
compared with the open technique are also perceived as dis-
advantages of LDN. In contrast, the hand-assisted proce-
dure, which was first successfully performed by Wolf et al 
[17],  has more advantages with the early incision that is 
necessary for intact organ removal. Several studies have 
reported more advantages of HALDN, such as shorter oper-
ating times and warm ischemic times compared with pure 
LDN [18,19]. In addition to these advantages, HALDN has 
operating times and warm ischemic times comparable with 
those of ODN and is associated with less postoperative 
pain, faster recovery times, and better cosmesis [9,20]. Our 
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study also showed similar results. Although recent studies 
have reported that pure LDN had similar or better results 
compared with HALDN [11,12], those studies were per-
formed by experienced laparoscopic surgeons. In general, 
HALDN is still considered an effective and safe procedure.
　It is commonly known that pneumoperitoneum, which 
is required in laparoscopic procedures, may cause adverse 
intraoperative effects on the cardiovascular system and re-
nal function [21]. In addition, since the first LDN was per-
formed, adverse effects of donor and graft renal function 
have been questioned. We investigated renal function in 
donors and recipients after HALDN and ODN on the basis 
of serum creatinine. Our data suggested no significant dif-
ferences in renal functional recovery between the HALDN 
and ODN groups in donors (p＞0.05). One study reported 
that the decline in renal function was significantly greater 
in laparoscopic donors than in open donors on the first post-
operative day [7]. However, this difference was no longer 
evident by the third postoperative day. They speculated 
that this difference may be secondary to the effect of pro-
longed pneumoperitoneum on the GFR. Few data exist on 
the effect of pneumoperitoneum on renal histology. In one 
experimental study in rats, a prolonged period of pneumo-
peritoneum did not cause any histologic changes in the kid-
neys [22]. Hazebroek et al also reported that abdominal in-
sufflation does not have a deleterious effect on histomor-
phology [23]. However, intraabdominal pressure is known 
to be a significant factor in decreased renal function. 
McDougall et al and Kirsch et al showed a decrease in urine 
output and in GFR with increasing intraabdominal pres-
sure in animal models [24,25]. A pneumoperitoneum of 15 
mmHg for 4 hours resulted in a decrease in renal blood flow 
to 70% of baseline. In our series, we maintained an intra-
abdominal pressure of 10 to 12 mmHg during HALDN. The 
serum creatinine levels of the donors on the first post-
operative day were elevated in both the HALDN (1.11 mg/ 
dl) and the ODN (1.19 mg/dl) groups. However, there was 
no significant difference between the two groups (p=0.055). 
Of interest was the similarity in serum creatinine levels be-
tween both donor groups, which remained 39% (0.81→1.13 
mg/dl) and 37% (0.86→1.18 mg/dl) higher than preopera-
tive levels in the HALDN and ODN groups, respectively. 
This finding was comparable with that of Goldfarb et al, 
who found an increase of approximately 30% [26]. Although, 
in our study, HALDN was performed through a transperi-
toneal approach and ODN was performed through a retro-
peritoneal approach, the difference in technique did not 
seem to have an effect on renal function recovery. A pre-
vious study by Dols et al reported that there was no sig-
nificant difference on renal function between retroperi-
toneoscopic donor nephrectomy and transperitoneal lapa-
roscopic donor nephrectomy groups [27].
　Several previous studies have reported the effects of 
LDN on recipient graft function [2,13]. Nogueira et al com-
pared graft function in recipients after 132 LDNs and 99 
ODNs [13]. The mean serum creatinine was significantly 
higher in the LDN group during the first week after trans-

plant, but was similar between groups at 3 months. In an-
other study, by Ratner et al, 110 LDN patients were com-
pared with 48 ODN patients [14]. This study also showed 
a higher serum creatinine level on days 2 and 3 in the LDN 
group, but no significant difference by day 4. Early graft 
function was also compared between LDNs and ODNs by 
using information in the United Network for Organ Sha-
ring database [28]. This study compared 2734 LDNs and 
2576 ODNs that were performed over a 13-month period 
from 1999 to 2000. In this study, significantly more pa-
tients in the LDN group than in the ODN group had crea-
tinine levels greater than 1.4 or 2 mg/dl at discharge. How-
ever, all subsequent serum creatinine levels and graft sur-
vival at 1 year were similar between the two groups. In our 
study, the mean serum creatinine level in recipients was 
higher in the HALDN group (3.48 mg/dl) than in the ODN 
group (2.62 mg/dl) on the first postoperative day (p=0.003). 
After the fifth postoperative day, however, the mean serum 
creatinine level was comparable until 1 year after trans-
plant (1.41 vs. 1.42 mg/dl, p=0.920).
　Pure LDN might cause relatively long warm ischemic 
times, mainly because of the long time required to extract 
the kidney through a small incision. However, HALDN 
may reduce kidney extraction and warm ischemic times, 
even for a non-experienced laparoscopic surgeon, because 
of the early incision that is necessary for intact organ 
removal. In our study, the mean warm ischemic time was 
not significantly different between the HALDN and ODN 
groups. Moreover, in a review of 100 LDNs, only recipients 
of kidneys with a warm ischemic time greater than 10 mi-
nutes had serum creatinine levels greater than 2 mg/dl on 
postoperative day 7 [5]. In animal models, postoperative se-
rum creatinine levels were significantly increased when 
the warm ischemic time was greater than 30 minutes [29]. 
Although the warm ischemic time in our HALDN group 
(290 seconds) was longer than that reported in other stud-
ies [18], it was acceptably low and did not appear to cause 
any significant renal ischemic injury or affect short-term 
functional recovery or our longer-term results.
　Our 1-year HALDN and ODN graft survival rates were 
96.6% and 98.4%, respectively, and were not significantly 
different between the two groups (p=0.382). Other studies 
of laparoscopic graft survival have shown results (91-95%) 
similar to those of our study [14,28,30]. The number of re-
jection episodes also did not differ significantly between 
the HALDN (8/118, 6.8%) and the ODN (7/123, 5.1%) groups 
(p=0.435), nor did other complications, such as ureteral 
complications (p=0.392).
　Recently published data provide additional support for 
the benefits of laparoscopic living donor nephrectomies. 
Peritransplantation morbidity and mortality data have 
been reported after both open and laparoscopic procedures. 
Our data indicate almost no significant differences in renal 
function recovery between donors and recipients between 
the HALDN and ODN groups, although serum creatinine 
levels in the recipients were higher in the HALDN group 
than in the ODN group on the first postoperative day. Renal 
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function recovery was comparable between the HALDN 
and ODN groups.

CONCLUSIONS

This retrospective study showed that, although serum cre-
atinine levels in the recipients were higher in the HALDN 
group than in the ODN group on the first postoperative day, 
renal function recovery was similar in donors and recipi-
ents in both the HALDN and ODN groups. The results of 
our study indicate that long-term functional outcomes are 
not significantly different between kidneys obtained lapa-
roscopically or via the open approach at our institution. 
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