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Purpose: To evaluate alterations in renal function after laparoscopic radical neph-
rectomy (LRN) and laparoscopic partial nephrectomy (LPN) for renal tumors.
Materials and Methods: From March 2008 to August 2011, we performed 175 cases of 
laparoscopic kidney resection. Among these, we excluded patients who received peri-
operative immunotherapy or target therapy and also patients with a preoperative esti-
mated glomerular filtration rate (eGFR) ＜60 mL/min. A total of 32 patients undergoing 
LPN and 92 patients undergoing LRN were enrolled. We retrospectively reviewed the 
changes in eGFR (by the modification of diet in renal disease method) at the following 
time points: preoperative, postoperative 1 week, and postoperative 1, 3, 6, and 12 
months.
Results: The mean warm ischemia time of the LPN group was 22 minutes (range, 0 to 
47 minutes). Mean eGFR values (mL/min/1.73 m2) during postoperative week 1 and 
1, 3, 6, and 12 months were 70.8, 71.5, 76.7, 76.0, and 75.3 in the LPN group and 52.1, 
50.6, 52.8, 53.4, and 52.4 in the LRN group, respectively. One year after the operation, 
6.3% (2 patients) of LPN patients and 68.5% (63 patients) of LRN patients had pro-
gressed to chronic renal insufficiency (eGFR＜60 mL/min/1.73 m2). 
Conclusions: Renal function recovered slightly after LPN and LRN and was maintained 
constantly after 3 months. However, renal function showed different patterns of 
decrease. Despite the concern for warm ischemia, LPN can preserve renal function bet-
ter than can LRN. LPN should be considered for selected patients to prevent chronic 
renal insufficiency. 
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INTRODUCTION

Traditionally, open radical nephrectomy is the standard 
treatment for renal tumors. However, nephron-sparing 
surgery (NSS) has increasingly been performed for T1 re-
nal tumors owing to the ability of this technique to preserve 
renal function while resulting in equivalent oncologic out-
comes [1]. After the first report on laparoscopic partial 
nephrectomy (LPN) by Winfield et al. [2] and McDougall 
et al. [3], the technique for laparoscopic renal surgery has 
gradually evolved. However, because of the technical diffi-
culty of LPN, it has been performed in only selected cases 
by a few urologists. The main concern for LPN is disability 

owing to renal hypothermia, which is used for preservation 
of renal function in open partial nephrectomy (OPN). 
Laparoscopically, some novel approaches for renal hypo-
thermia have been reported [4-6], but the application of re-
nal hypothermia is difficult and most urologists still per-
form LPN with warm ischemia. In a few studies, OPN 
showed comparable oncological results with radical neph-
rectomy and superior long-term renal function to radical 
nephrectomy [1]. Although OPN has advantages for renal 
function preservation, there are few data comparing the re-
covery of renal function following laparoscopic partial and 
radical nephrectomy. The aim of this study was therefore 
to compare the recovery of renal function after LRN and 
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TABLE 1. Patient characteristics

Characteristic LRN (n=92) LPN (n=32) p-value

Age (y)
Male sex
Preoperative GFR 

(mL/min/1.73 m2)
Body mass index (kg/m2)
Hypertension
Diabetes mellitus
Estimated blood loss (mL)
Tumor size (cm)

60.1±11.35
 62 (67.4)

80.3±17.2

23.1±2.82
 48 (52.2)
 18 (19.6)

   262±232.48
4.1±1.45

58.9±10.06
 20 (62.5)

81.7±17.02

23.5±3.3
 15 (46.9)
   7 (21.9)
221±182.6
3.3±1.48

0.63
0.27
0.89

0.72
0.54
0.66
0.36

＜0.001

Values are presented as mean±standard deviation or number (%).
LRN, laparoscopic radical nephrectomy; LPN, laparoscopic parti-
al nephrectomy; GFR, glomerular filtration rate.

FIG. 1. The change of estimated glomerular filtration rate 
(eGFR) after renal surgery. LPN, laparoscopic partial neph-
rectomy; LRN, laparoscopic radical nephrectomy; Preop, pre-
operative.

LPN. 

MATERIALS AND METHODS

1. Patient selection
After obtaining Institutional Review Board approval, we 
retrospectively reviewed collected data for laparoscopic re-
nal surgery. From March 2008 to August 2011, a total of 
175 patients underwent laparoscopic kidney resection. 
Among these, we excluded patients who underwent laparo-
scopic nephroureterectomy, laparoscopic simple neph-
rectomy and received perioperative immunotherapy, or 
target therapy and also patients with preoperative chronic 
renal insufficiency (CRI). 

2. Surgical technique 
All laparoscopic renal surgeries were performed by a single 
surgeon (TSK). All LPNs were performed via a trans-
peritoneal approach. In brief, during control of the hilar 
vessels in LPN, mannitol (12.5 g) was administered, and 
the renal arteries were clamped by using a vessel loop and 
Hem-o-Lok clips en-loading. The renal veins were not 
clamped routinely. The renal mass was dissected by using 
cold 10 mm Metzenbaum scissors with approximately 5 
mm safety margins. After tumor excision, the calyceal sys-
tem, bleeders, and tumor bed were closed by using 3-0 
Vicryl sutures. Thereafter, FloSeal (Baxter, Deerfield, IL, 
USA) and Surgicel bolsters were applied for bleeders, and 
the renal parenchyma was closed by using Vicryl 2-0 su-
tures (Ethicon Inc., Spmervile, NJ, USA). LRNs were per-
formed transperitoneally except for four patients who were 
approached retroperitoneally owing to previous extensive 
abdominal surgery. Hilar vessels were controlled by using 
Hem-o-Lok clips (Weck Closure Systems, Research 
Triangle Park, NC, USA) or endovascular GIA staplers 
(Multifire Endo GIA30 stapler, Covidien, Dublin, Ireland). 

3. Renal function follow-up
After the operation, most patients were assessed by phys-
ical examination, chest X-ray, and eGFR at postoperative 

1 week, 1 month, 3 months, 6 months, and 12 months, and 
abdominal computed tomography was assessed at 6 and 12 
months. We evaluated renal function by eGFR by using the 
abbreviated modification of diet in renal disease equation. 
CRI was defined by eGFR ＜60 mL/min/1.73 m2. 

4. Statistical analysis
The LPN and LRN groups were compared regarding peri-
operative renal function and surgical and clinical 
variables. We used the Student’s t-test for continuous vari-
ables and Fisher’s exact test for categorical variables. We 
performed simple and multiple regression analysis for pre-
dicting eGFR. All statistical analyses were performed by 
using PASW ver. 18.0 (IBM Co., Armonk, NY, USA) with 
a two-sided test, and p-values＜0.05 were considered stat-
istically significant. 

RESULTS

Among the 175 patients who underwent laparoscopic kid-
ney resection, a total of 32 patients undergoing LPN and 
92 patients undergoing LRN were enrolled. The character-
istics of the patients are summarized in Table 1. The mean 
age, sex, body mass index (BMI), prevalence of hyper-
tension, and prevalence of diabetes mellitus were similar 
between the two groups. However, the preoperative mean 
radiologically evaluated renal tumor size was significantly 
smaller in the LPN group (3.3 cm vs. 4.1 cm, p＜0.001). 
Mean operating time and estimated blood loss were not sig-
nificantly different between the two groups. The mean 
warm ischemia time (WIT) of the LPN group was 22 mi-
nutes (range, 0 to 47 minutes). Overall, 90.6% and 97.8% 
of tumors were malignant in the LPN and LRN groups, 
respectively. Three benign tumors in the LPN group were 
angiomyolipomas, and two benign tumors in the LRN 
group were oncocytomas. Fig. 1 and Table 2 show the 
changes in perioperative renal function. The mean pre-
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TABLE 2. The change in the eGFR (mL/min/1.73 m2) and percentage change in the eGFR (%)

Operation Preop 1 wk 1 mo 3 mo 6 mo 12 mo

eGFR (mL/min/1.73 m2)

% change of GFR (%)

LRN
LPN
LRN
LPN

  80.3
  81.7
100.0
100.0

52.1
70.8
64.9
86.7

50.6
71.5
63.0
87.5

52.8
76.7
65.8
93.9

53.4
76.0
66.5
93.0

52.4
75.3
65.3
92.2

eGFR, estimated glomerular filtration rate; Preop, preoperation; LRN, laparoscopic radical nephrectomy; LPN, laparoscopic partial 
nephrectomy.

TABLE 3. Simple and multiple linear regression analysis for 
predicting postoperative eGFR (mL/min/1.73 m2)

p-value 

Simple Multiple (r2=0.551)

Age
Gender
Preoperative GFR
Body mass index
Diabetes mellitus
Hypertension
Estimated blood loss
Tumor size
Operation method

0.493
0.369
0.000
0.361
0.592
0.122
0.249
0.251
0.000

0.000

0.000

eGFR, estimated glomerular filtration rate. 

operative eGFR (mL/min/1.73 m2) was 81.7 in the LPN 
group and 80.3 in the LRN group. The mean eGFR 
(mL/min/1.73 m2) at postoperative 1 week, 1 month, 3 
months, 6 months, and 12 months was 70.8, 71.5, 76.7, 76.0, 
and 75.3 in the LPN group and 52.1, 50.6, 52.8, 53.4, and 
52.4 in the LRN group, respectively. At postoperative 1 
year, 6.3% (2 patients) in the LPN group and 68.5% (63 pa-
tients) in the LRN group had progressed to CRI. However, 
no patients in either group required dialysis. In multiple 
linear regression analysis, preoperative eGFR and oper-
ation method (LRN or LPN) were significant factors pre-
dicting postoperative eGFR (Table 3). 

DISCUSSION

Recently, the application of NSS for small renal tumors has 
expanded owing to increased use of abdominal imaging 
studies. Despite the concerns that existed regarding onco-
logical outcomes in the early era of NSS, it was shown that 
NSS produces excellent oncological results with minimal 
complication rates [1]. With the development of laparo-
scopic instrumentation and techniques, indications for 
LPN have expanded. During mass excision and renal pa-
renchymal reconstruction, surgeons have to clamp the hi-
lar vessels to achieve a clear operation field to ensure mini-
mal blood loss and accurate laparoscopic suturing. In the 
case of OPN, cold ischemia with ice slush can be used to min-
imize ischemic renal damage. However, effective cold is-
chemia is very difficult to achieve during a laparoscopic 

approach. LPN with WIT has been allowed despite the risk 
for deterioration of renal function. There are several risk 
factors for deterioration of renal function in LPN, such as 
renal volume reduction, tumor location, patient age, longer 
WIT, and preoperative eGFR, and among these, the factor 
modifiable by the laparoscopic technique is WIT [7-12]. 
Bhayani et al. [13] reported that WIT, up to 55 minutes, did 
not influence renal function by postoperative 6 months. In 
contrast, Thompson et al. [14] studied the comparison of 
warm ischemia versus no ischemia in LPN for a solitary 
kidney, and they concluded that warm ischemia in a soli-
tary kidney is associated with the development of new-on-
set CRI. Recently, the cutoff of WIT has received much 
attention. Thompson et al. [8] reported that partial neph-
rectomy with a WIT of greater than 25 minutes was sig-
nificantly associated with CRI. Funahashi et al. [15] and 
Porpiglia at al. [16] also reported that when the WIT was 
greater than 25 minutes, postoperative effective renal 
plasma flow was significantly decreased. In the present 
study, the mean WIT was 22 minutes, and we had difficulty 
in determining a cutoff for the WIT because of the small 
sample size and because only two patients reached CRI at 
1 year postoperatively. These two patients had normal pre-
operative eGFR and no history of smoking, hypertension, 
or diabetes mellitus. Their resected masses were 2.5 cm 
and 3.0 cm, and their WIT values were 25 minutes and 33 
minutes, respectively. In the LRN group of the present 
study, 68.5% of the patients had an eGFR under 60 
mL/min/1.73 m2; therefore, despite the risk of a prolonged 
WIT, LPN resulted in superior renal function upon fol-
low-up. 

Park et al. [17] reported that renal function in patients 
who underwent LPN under the pneumoperitoneal con-
dition was similar to that of patients who underwent OPN. 
Adamy et al. [18] reported that renal function 6 months 
post-LPN was slightly increased compared with post-
operative 2 months and was then maintained at a constant 
level. Our study also showed that the renal function at 3 
months post-LPN was slightly increased compared with 
postoperative 1 month and was then maintained at a con-
stant increased state up to postoperative 1 year. This pat-
tern of renal function change is similar in LRN (Fig. 1); how-
ever, decreasing renal function was greater than in LPN, 
and 68.5% of LRN patients had decreased renal function, 
with eGFR values under 60 mL/min/1.73 m2. 

Zorn et al. [19] studied the effects on long-term serum cre-
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atinine after LPN. They reported that about 36.4% of LRN 
patients developed CRI (serum creatinine above 1.5 
mg/dL), whereas none in the LPN group developed CRI. 
This was the first report making a comparative study of re-
nal function after LPN and LRN. Despite several limi-
tations, such as the lack of use of eGFR and the retro-
spective nature of the study, this result may encourage lap-
aroscopic urologists to perform LPN. Another study by the 
same group demonstrated that LPN in T1b renal tumors 
also had a benefit for renal function compared with LRN 
(30.3% vs. 55.7%, estimated creatinine clearance under 60 
mL) [20]. Although the mean WIT was relatively longer (34 
minutes) in T1b renal tumors, long-term renal function 
was better than in LRN. Thus, if technically feasible, even 
in the case of a large renal mass, LPN can benefit renal func-
tion compared with LRN. The present study did have sev-
eral limitations. The sample size of the study was small, 
it was a nonrandomized single-institute study, and we did 
not use a renal scan for renal function assessment. 

CONCLUSIONS 

Long-term renal function was maintained constantly at 
postoperative 3 months in both the LPN and LRN groups. 
However, renal function after the operation showed differ-
ent patterns of decrease. Regarding progression to CRI, 
LPN with WIT has advantages over LRN. Laparoscopic ur-
ologists should consider performing LPN to prevent CRI in 
selected patients.
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