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Partial nephrectomy (PN) has been shown to 

be equivalent to radical nephrectomy (RN) in T1b 

neoplasms as well as clinical T1a neoplasms, and 

is superior in terms of preservation of renal 

function.1-5 A number of studies have reported no 

difference in oncologic outcome between laparo-

scopic partial nephrectomy (LPN) and open parti-

al nephrectomy (OPN).6-8

In OPN, cold ischemia using ice is typically used 

to reduce renal ischemic injury. However, in lapa-
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roscopy, warm ischemia is generally used because 

of the difficulty of cold ischemia.9-11 In general, 

limiting warm ischemic time (WIT) to 30 minutes 

is considered to be sufficient for preserving renal 

function. In some studies using renal scintigraphy, 

the time limit of WIT for minimizing renal func-

tion is 25 minutes.12-14

Many surgeons use bulldog clamps to perform 

renal artery ligation in LPN. Vessel loops (Rummel 

tourniquets) and laparoscopic Satinsky clamps are 

also used. In addition, there have been reports 

of selective ligation of the feeding artery or liga-

tion of the branchial renal artery. In the case of 

a protruding tumor in the renal upper pole or 

lower pole, a method of direct compression of 

the renal parenchyma without ligation of the 

blood vessel using Simon renal pole clamps has 

been reported.15-17

Renal artery ligation may cause renal ischemia 

and reperfusion injury, and progression to third 

stage chronic renal disease has been reported in 

up to 8-30% of cases. In cases of chronic renal 

disease, progression to end-stage renal disease is 

likely.18-21  In order to reduce the possibility of 

such permanent renal function decrease without 

ligation of the renal artery, selective clamping of 

renal artery branches is performed when partial 

resection of the renal neoplasm is attempted. 

However, this procedure is limited because of its 

difficulty. Nevertheless, because of the absence 

of renal ischemia and reperfusion, it is expected 

to be beneficial and has recently been performed 

by a small number of surgeons.22,23

The authors have retrospectively reviewed 

changes in renal function and oncologic results 

after off-clamp, laparoscopic partial neph-

rectomy (OCLPN) and conventional hilar clamp, 

laparoscopic partial nephrectomy (HCLPN) for at 

least one year in renal neoplasm patients. 

MATERIALS AND METHODS

Patients

Of the 114 patients who underwent LPN of new 

renal tumors from March 2008 to July 2015, 80 

patients who had no diabetes or hypertension at 

the time of diagnosis, and who had medical re-

cords and followed up for at least 12 months were 

selected for the study. 40 patients underwent 

OCLPN, and 40 patients underwent HCLPN.

We retrospectively reviewed medical records 

such as patient history, operative records, biopsy 

results, and outpatient records. Specifically, we 

reviewed medical records of each patient’s 

age, sex, R.E.N.A.L. nephrometry score (RNS), 

operation time, complications (modified 

Clavien-Dindo classification), hospitalization pe-

riod, tumor size, positive resection margin, histo-

logic classification of tumor, pathologic stage, 

Fuhrman grade, estimated blood loss (EBL), warm 

ischemic time (WIT), and estimated glomerular 

filtration rate (eGFR) before and one year after 

surgery.

 

Surgical procedure
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All surgeries were performed in a conventional 

manner by a single surgeon (T.S. Kim) (Fig. 1).24,25 

OCLPNs used a peritoneal approach under gen-

eral anesthesia. A bulldog clamp or vessel loop 

was placed at the renal artery to prepare for ex-

cessive bleeding (Fig. 1A). The renal veins were 

not always clamping. A monopolar hook electrode 

was used before the resection of the neoplasms 

to mark the resection plane with a dot or line 

(Fig. 1B). Tumors were resected using a 10-mm 

cold knife to minimize loss of normal parenchyma 

(Fig. 1C). Floseal®  (Baxter Healthcare Corporation, 

Deerfield, IL, USA) or TisselTM (Baxter Healthcare 

Corporation) was applied to the resected surface 

after resection of the tumor (Fig. 1D). Surgicel® 

(Ethicon, a Johnson & Johnson company, Cincinnati, 

Fig. 1. Procedure of OCLPN 
(A) Self-made Rummel tourniquets or bulldog clamps were hung on the renal hilar vessels 
for quick vessel clamping. (B) Linear cauterization marking made by monopolar hook 
electrode. (C) Marked margin around renal mass was excised using 10-mm Metzenbaum 
scissors with minimal safety margins. (D) Biologic hemostatics such as Floseal and Tissel 
were used in the excised renal bed. (E) Parenchymal defect was filled with Surgicel and 
Gelfoam (F) Renal parenchyma, perirenal fat and Gerota's fascia were approximated using 
V-loc and 3-0 Vicryl
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OH, USA) and Gelfoam® (Pharmacia & Upjohn 

Co., a division of Pfizer, New York, NY, USA) were 

used to fill the defect and then sutured using 

V-locTM (Fig. 1E). The kidney parenchyma, pe-

ripheral fat, and Gerota's fascia were sutured us-

ing 3-0 vicryl® (Ethicon, a Johnson & Johnson 

company, Cincinnati, OH, USA) (Fig. 1F). HCLPN 

was performed in the same manner as OCLPN ex-

cept that the renal artery was clamped with a bull-

dog clamp or a vessel loop.

Follow-up and statistical analysis

Follow-up was performed at the 1st, 6th, and 

12th months postoperatively. A physical exami-

nation, blood test, urinalysis, and chest radio-

graph were included. All patients underwent ab-

dominal computed tomography at the 6th and 

12th months.Renal function was compared using 

eGFR calculated by the Modification of Diet in 

Renal Disease formula.

All statistics were analyzed using PASW version 

18.0 (SPSS Inc., Chicago, IL, USA).The clinical 

characteristics of the two groups were assessed 

using Chi-square test for dependent variables and 

Student's t-test for continuous variables. A p-val-

ue less than 0.05 was considered statistically 

significant.

RESULTS

There were no significant differences between 

Variable
Off-clamp
(n = 40)

Hilar
clamp

(n = 40)

Total
(n = 80)

P

Mean age(years)
Gender 
Male(n, %) 
Preoperative eGFR (mean, mL/min/1.73m²)
Low (4-6) renal nephrometry score (n, %) 

55.1 

24(60) 
90.3 

30(75) 

58.8 

24(60) 
92.0 

28(70) 

56.95 

48(60) 
91.15 

58(72.5) 

0.117

1.000
0.957
0.908

Mean (SD)
EBL, mL
Operating room time, min
Clamp time, min
Clavien-Dindo classification of surgical 
complications, (n, %)
Grade 1
Grade 2
Grade 3-5
Hospital stay, days
Tumor size (mean, cm)
Histology
Malignant (n, %)
Benign (n, %)
Positive surgical margin
% positive in malignant 
% positive in benign 
Recurrence (n, %)

324.6
179.5

0

32(80)
7(17.5)
1(2.5)

8.9 
2.9

32 (80)
8 (20)

5(12.5%)
6.25(2/32)
37.5(3/8)
1(2.5%)

319.5
180.6
23.3

29(72.5)
11(27.5)

0
9.1
3.0

34 (85)
6 (15)

1(2.5%)
0(0/34)

16.6(1/6)
1(2.5%)

322.05
180.05

NA

61(76.25)
18(22.5)
1(1.25)

9.0
2.95

66 (82.5)
14 (17.5)
6(7.5%)

3.03(2/66)
28.57(4/14)

2(2.5%)

0.947
0.921 

0.856

0.565
0.575
0.922 

0.201 

Table 1. Perioperative tumor characteristics of patients 
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the OCLPN and HCLPN groups in age (mean 55.1 

vs 58.8 years), gender (M: F, 6: 4), preoperative 

eGFR (mean 90.3 vs 92  mL/min/1.73  m²) and 

percentage of patients with low (4-6) RNS (75% 

vs 70%) (Table 1).

Similarly, no significant differences were found 

in EBL (mean 329 vs 319.5 mL), operation 

(anesthesia) time (mean 179.5 vs 180.6 min), hos-

pitalization (mean 8.9 days vs 9.1 days) and tumor 

size (mean 2.9 cm vs 3.0 cm).

Within the HCLPN group, the WIT was 23.3 min 

on average. A complication of Clavien-Dindo clas-

sification Ⅲ or more was reported in one HCLPN 

patient. The patient underwent open radical neph-

rectomy two days after surgery due to delayed 

bleeding. Five OCLPN cases and one HCLPN case 

were margin-positive. Of these, three OCLPN cases 

and the HCLPN case were benign tumors. The pre-

operative eGFR was 90.3 mL/min/1.73m2 in OCLPN 

cases and 92 mL/min/1.73 m2 in HCLPN cases. The 

mean eGFR was not significantly different between 

the OCLPN and HCLPN groups 1 month (95 vs 

86.2 mL/min/1.73 m2, P = 0.106), 6 months (92.9 

vs 83.6 mL/min/1.73 m2, P = 0.151) and 12 months 

(93.8 vs 84.7 mL/min/1.73 m2, P = 0.077) post-

operatively, but the residual renal function re-

mained high in the OCLPN group (Fig. 2). The 

one-year eGFR change was 3.9% in OCLPN and 

-7.9% in HCLPN.

DISCUSSION

In this study, there was no difference in oper-

ative factors (EBL, admission duration, etc.) be-

tween the two groups (OCLPN vs. HCLPN) with 

the same patient characteristics before surgery. 

After one year, renal function was superior in the 

OCLPN group.

EBL was expected to be greater in OCLPN than 

HCLPN at the time of surgery because of the lack 

of renal artery clamping, but no difference was 

found between the two groups. However, Smith 

et al. reported greater EBL in patients without re-

nal artery clamping (mean 500 vs 200 mL).26 

Bleeding is more likely to occur in laparotomy 

than in laparoscopic surgery because of the possi-

bility of continuing the operation boldly under 

the operative field, due to the direct compression 

of the renal parenchyma, even in case of massive 

bleeding. 

Wang et al. reported that bleeding was more 

frequent in laparoscopic OCLPN cases. However, 

this study was limited to 44 cases with low RNS 

and tumor size of 3 cm or less, and may not apply 

more generally.27 In contrast, other studies have 

shown that EBL is equivalent in OCLPN and 

HCLPN, with EBL depending on the surgeon's sur-

gical technique, surgical expertise, and location 

of neoplasms.28 In this study, there was no differ-

ence in EBL between the two groups, since most 

of them were low RNS (75 vs 70%), and the risk 

of excessive bleeding during surgery was low and 

could be managed well. 

In our study, the mean WIT in the HCLPN group 

was 23.3 min. There was a 7.9% decrease in eGFR 
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at one-year follow-up in the HCLPN group, but 

there was no significant decrease in eGFR in the 

OCLPN group (+3.9%). This is because the ische-

mia-reperfusion injury is minimized by not ligat-

ing the blood vessels and supplying sufficient fluid 

before and after the operation. Bagheri et al. sug-

gested that minimal resection of normal renal pa-

renchyma is more important than ischemia-re-

perfusion injury associated with WIT.29 In our 

study, 75% of OCLPN cases and 70% of HCLPN 

cases had low RNS. It is thought that there was 

almost no decrease in renal function due to the 

relatively small amount of normal parenchyma in 

neoplasms with high RNS exophytic scores.In the 

meta-analysis of Trehan, OCLPN was found to be 

beneficial to renal function with a standardized 

weighted mean difference (SWMD) of 0.27.30 

However, Shah et al. observed eGFR of patients 

with OCLPN (209 patients) and HCLPN (106 pa-

tients) up to 5 years postoperatively, and found 

no difference in eGFR between the two groups 

after 6 months.28 They attributed this to compen-

sation of the opposite kidney and recovery of re-

nal function of the diseased kidney. OCLPN is a 

good surgical procedure for low-RNS patients 

who are already suffering from decreased renal 

function, diabetes and hypertension and are ex-

pected to have decreased renal function in the 

future. 

It is important to obtain a clear resection mar-

gin for better tumor treatment results when re-

secting a renal tumor. However, in OCLPN, it is 

difficult to obtain a resection margin precisely be-

cause the operation is performed during the con-

tinuation of hemorrhage. In this study, 12.5% (five 

cases) of the resected specimens had positive re-

Fig. 2. Comparison of renal function (eGFR, mL/min/1.73 m2) between the OCLPN and HCLPN groups 
preoperatively and in the 12 months following surgery.
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section marginsin OCLPN patients. This rate is 

higher than that in HCLPN patients (2.5%; one 

case), which is higher than results of previous 

studies.30 However, three out of the five OCLPN 

cases with positive resection margins were renal 

angiomyolipomas; during surgery, the surgeon 

judged them to be lipomas and intentionally re-

sected minimal renal parenchyma. Two of the 

OCLPN cases (6.25%) with positive resection mar-

gins were malignant tumors, similar to other 

studies.30  One of these patients recurred post-

operatively and underwent radical nephrectomy. 

The HCLPN patient with positive surgical margins 

has had no recurrence to date. One patient who 

had negative surgical margins had recurrence and 

underwent radical nephrectomy. 

This study is a retrospective study and has limi-

tations in terms of the small number of patients.In 

addition, most of the patients were low RNS, and 

there was no significant difference in difficulty 

between the two methods, so EBL and surgical 

results may be comparable. Renal scintigraphy 

and other tests of the unilateral renal function 

could be used to better understand the effects of 

surgery on renal function, but were not performed 

on all patients and so were excluded from the 

analysis. In the future, we should investigate the 

effect of OCLPN on renal function, tumor treat-

ment results, etc.

The purpose of this study was to determine the 

effects of renal artery clamping on renal function 

and oncologic outcomes in patients undergoing 

LPN. We analyzed patients with renal tumors un-

dergoing LPN between 2008 and 2015. Renal 

function was measured using  eGFR over a 

12-month period. Although there were no statisti-

cally significant differences in eGFR between the 

groups from preoperative to 12-months post-

operative, the eGFR change after 12 months was 

superior in the OCLPN group (OCLPN + 3.9% vs. 

HCLPN - 7.9%). Also, in the OCLPN group, the 

percentage of patients with positive resection 

margins was higher than in the HCLPN group. 

However, there was no significant difference be-

tween the two groups when comparing only ma-

lignant tumors.

OCLPN is superior to HCLPN in terms of func-

tional outcome, with no significant difference in 

oncologic outcome. Therefore, we think that 

OCLPN is a good operative method for patients 

with low clinical stage who are worried about re-

nal function decrease, diabetes or hypertension.
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