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Purpose: Nephron sparing surgery is an effective surgical 
option in patients with renal cell carcinoma. Laparoscopic 
partial nephrectomy involves clamping and unclamping 
techniques of the renal vasculature. This study compared the 
postoperative renal function of partial nephrectomy using 
an estimation of the glomerular filtration rate (eGFR) for a 
Japanese population in 3 procedures; open partial nephrec-
tomy in cold ischemia (OPN), laparoscopic partial nephrec-
tomy in warm ischemia (LPN), and microwave coagulation 
using laparoscopic partial nephrectomy without ischemia 
(MLPN). Materials and Methods: A total of 57 patients un-
derwent partial nephrectomy in Yokohama City University 
Hospital from July 2002 to July 2008. 18 of these patients 
underwent OPN, 17 patients received MLPN, and 22 pa-
tients had LPN. The renal function evaluation included eGFR, 
as recommended by The Japanese Society of Nephrology. 
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Introduction

Nephron sparing surgery (NSS) is an effective surgi-
cal option in patients with renal cell carcinoma with im-
perative indications, such as those with underlying renal 
disease, or tumors in a solitary or functionally solitary 
kidney [1]. In addition, NSS for patients with tumors less 
than 4 cm who have normal renal function can preserve 

Results: There was no significant difference between the 3 
groups in the reduction of eGFR. eGFR loss in the OPN group 
was significantly higher in patients that experienced over 20 
minutes of ischemia time. eGFR loss in LPN group was signifi-
cantly higher in patients that experienced over 30 minutes 
of ischemia time. Conclusion: This study showed that all 3 
procedures for small renal tumor resection were safe and ef-
fective for preserving postoperative renal function.
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renal function with cancer control equivalent to radical 
nephrectomy [2, 3].

Laparoscopic surgery has been applied to partial ne-
phrectomy for small renal tumors through retroperito-
neal or transperitoneal approaches [4–6]. Laparoscopic 
partial nephrectomy involves clamping and unclamping 
techniques of the renal vasculature [7]. Laparoscopic 
partial nephrectomy can be performed using microwave 
coagulation for non-clamping surgery or clamping sur-
gery without microwave coagulation [8].

This study compared the postoperative renal func-
tion following partial nephrectomy using an estimation 
of the glomerular filtration rate (eGFR) for the Japanese 
population using 3 procedures; open partial nephrectomy 
(OPN), laparoscopic partial nephrectomy (LPN), and mi-
crowave coagulation using laparoscopic partial nephrec-
tomy (MLPN) [9].

Patients and Methods

Patient Selection
A total of 57 patients underwent partial nephrectomy in Yo-

kohama City University Hospital from July 2002 to July 2008. 
Eighteen of these patients underwent OPN, 17 patients underwent 
MLPN, and 22 patients underwent LPN. Informed consent was 
obtained from all patients.

Preoperative diagnosis and clinical staging were determined 
by computed tomography with/without magnetic resonance im-
aging. The choice of surgical approach was patient and surgeon 
driven after the patients were informed of the benefit and risk of 
these 3 approaches. Patients interested in a specific approach or 
surgeon was treated according to their choice.

MLPN
Retroperitoneoscopic partial nephrectomy using a microwave 

tissue coagulator without renal vascular clumping was performed 
by the procedure reported by Murota et al. [10] and our previ-
ous report [11]. Patients were placed under general and epidural 
anesthesia in the lateral decubitus position with a slight flexure 
of the Jack knife position. A 2 cm skin incision was made below 
the 12th rib on the midaxillary line. The retroperitoneal space was 
extended using PD balloon systems (Tyco healthcare, Osaka, Ja-
pan). The retroperitoneal space was inflated with carbon dioxide 
at 10 mmHg pressure. A 12 mm initial trocar was inserted, fol-
lowed by a 2nd and 3rd 5 or 12 mm trocar, which surrounded the 
initial trocar. A 4th 5 mm trocar was inserted based on the tumor 
position. A wide opening in Gerota’s fascia was made along the 
psoas major. The kidney was separated from the surrounding peri-
toneal fat along the renal surface. The location and the size of the 
tumor were evaluated by an ultrasonographic laparoscopic probe. 
The renal parenchyma was incised using monopolar. Electrocoag-
ulation was used to plot the incision line in the renal parenchyma 
around 8 to 10 spots. The microwave needle was inserted at the 
incision line along the surface of the tumor and the renal paren-
chyma was coagulated for 30 s with 65 W using a microwave 

tissue coagulator (Microtaze, Azwell, Osaka, Japan) with a needle 
1.5 to 2 cm in length. The needle was extracted after 15 s of disso-
ciation. A partial nephrectomy was performed using scissors. The 
tumor was put into a bag and extracted from the initial trocar site. 
We regularly performed electrocoagulation and compression in 
rare cases of bleeding that occurred in the bottom region of tumor 
resections. Coagulation was performed using compression, elec-
trocoagulation and fibrin glue. A drain was established and the 
wounds were closed. No mobilization around the proximal renal 
artery and vein was performed.

LPN with Warm Ischemia
LPN was performed according to a previously reported proce-

dure using a new parenchymal suturing technique [8]. The choice 
of approach depended on the location of the tumor. Anterior or 
upper pole apical tumors are approached transperitoneally, while 
posterior tumors are approached retroperitoneally. The renal ar-
tery was mobilized. The kidney was mobilized with Gerota’s fas-
cia. Gerota’s fascia was opened and the renal capsule is visual-
ized around the tumor. The renal capsule was cut by a monopolar 
around the tumor. Only the renal artery was clamped intracorpore-
ally with a bulldog clamp. The tumor which was on the proximal 
side was clamped to both the renal artery and vein using a bulldog 
clamp. Partial nephrectomy was performed. Dilute indigo carmine 
was injected using a ureteral catheter in a retrograde fashion, fol-
lowed by continuous suturing of the opened collecting system and 
the transected major vessel with 2-0 Vicryl on an SH needle with 
intracorporeal knot-tying.

A 1 Vicryl on a CT needle was used to perform the paren-
chymal continuous suturing. The thread was 20–30 cm in length, 
and a knot was made at the end of the thread. A polymer L size 
Hem-o-lok clip (Weck Closure System, Research Triangle Park, 
NC, USA) was attached on the proximal side of the knot. The 
thread was neither tightened nor crunched, and the parenchyma 
was sutured in a running fashion with 3 or 4 stitches without any 
bolster so that the renal bed remained in its natural position during 
the suturing. In the rare occasion the renal parenchemya was not 
glued, we stitched with bolster. This provided a clear view during 
the suturing and helped maintain accurate parenchymal sutures. 
Fibrin glue was dripped onto the renal bed, and the thread was 
tightened from far to near with suitable tension. The tightened 
thread was fixed with an L size Hem-o-lok, one stitch at a time. 
The thread can be tightened again and fixed with the Hem-o-lok if 
hemostasis is not confirmed after the bulldog clamp on the renal 
artery is removed.

OPN with Cold Ischemia
OPN was performed under general and epidural anesthesia, 

following occlusion of the renal artery. Cold ischemia was used 
in all cases after clamping of the renal artery and renal surface 
hypothermia was achieved using sterile ice.

Measurement of Renal Function
The levels of serum creatinine were measured before surgery, 

1 month, 3 months and 6 months after surgery. All patients were 
followed up for more than 6 months. The renal function evalua-
tion included serum creatinine measurement and eGFR, as rec-
ommended by The Japanese Society of Nephrology. eGFR was 
calculated by the formula: eGFR = 194 x [Serum Creatinine (mg/
dl)]-1.094 × [age (yr)-0.287] × (0.739: in female patient) [9].
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Statistical Analysis
All continuous variables are expressed as the mean ± SD. The 

numerical data were compared by Student’s t-test. A p value of 
0.05 or less was considered to be significant.

Results

There was no difference in the patients’ characteristics 
including age, gender, and side and tumor size. The his-

topathological data showed no differences between each 
group as shown in table 1. The duration of the procedure 
was 185.0 ± 18.4 minutes in the OPN group, 174.0 ± 
14.0 minutes in the LPN group and 195.0 ± 15.3 minutes 
in the MLPN group. The volume of bleeding was 420.0 
± 210.9 ml in the OPN group, 100.0 ± 104.0 ml in the 
LPN group and 50.0 ± 172.2 ml in the MLPN group (p 
< 0.005). There was no significant difference in any of 
the factors analyzed without ischemia time and estimated 
blood loss.

Table 1. Baseline characteristic of each group

OPN	                              LPN	                             MLPN	                           p

Patients, n
Age (year)
Male (%)
Right (%)
Serum creatinin (mg/dL)
eGFR (ml/min/1.73m2)
Tumor size (cm)
Estimated blood loss (mL)
Ischemia time (minute)
Operative time (minute)
Malignancy of pathology (%)

18
60.0 ± 7.0
15 (83.3%)
9 (50.0%)
0.85 ± 0.16
75.1 ± 17.5
2.42 ± 1.22
420.0 ± 210.9
17.0 ± 4.4
185.0 ± 18.4
15 (83.3%)

22
60.5 ± 6.1
15 (68.2%)
10 (45.5%)
0.73 ± 0.13
80.9 ± 13.6
1.96 ± 0.21
100.0 ± 104.0
31.5 ± 4.2
174.0 ± 14.0
18 (81.8%)

17
54.0 ± 5.2
15 (88.2%)
11 (50.0%)
0.82 ± 0.18
80.3 ± 18.3
2.29 ± 0.29
50.0 ± 172.2
–
195.0 ± 15.3
15 (88.2%)

N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
<0.005
< 0.001
N.S.
N.S.

N.S. = Not significant.

Fig. 1. eGFR loss in each group.
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Fig. 3. Less than 30 minutes of ischemia showed significantly lower eGFR loss in LPN.

Fig. 2. Less than 20 minutes of ischemia time showed significantly lower eGFR loss in OPN.

All patients were followed up for more than 6 months. 
The ischemia time in OPN was significantly shorter than 
in LPN. However, the reduction of eGFR in the three 
groups was not significantly different at 1, 3, 6, and 12 
months after surgery (fig.1). The OPN group had signifi-
cantly greater eGFR loss if the patients experienced more 
than 20 minutes of ischemia time (n = 9) in comparison 

to less than 20 minutes of ischemia time after one month 
from operation (n = 9) (p < 0.05) (fig. 2). The LPN group 
showed significantly higher eGFR loss if the patients ex-
perienced more than 30 minutes of ischemia time (n = 11) 
in comparison to less than 30 minutes of ischemia time 
after 3 months from operation (n = 1) (p < 0.05) (fig. 3). 
However, there were no significant differences in eGFR 



122 Curr Urol 2012;6:118–123 Kawahara/Sakata/Kawahara/Ito/Miyoshi/
Sano/Nakaigawa/Uemura/Yao/Kubota/
Makiyama

loss between any of the groups at any time after surgery. 
No positive pathological surgical margin was detected in 
this study. There were no major complications in any of 
the patients.

Discussion

The detection rate of asymptomatic small renal tumor 
is increasing. Partial nephrectomy is widely accepted for 
elective cases in which the contralateral side of the kid-
ney is normal [12, 13]. A previous study reported par-
tial nephrectomy using microwave coagulation and con-
firmed the effectiveness for maintaining renal function 
and for cancer control [14].

Microwave coagulation is useful for protecting renal 
function because there is no ischemia [11]. However, the 
microwave coagulation poses a risk for inducing broad 
necrosis or urinary fistula in patients with relatively deep 
tumors. Therefore, the adaptation of partial nephrectomy 
using laparoscopy with clamping of the renal artery is 
often necessary. LPN requires a high level of surgical 
expertise in order to minimize ischemia time. A previous 
study reported the suturing technique for LPN and con-
firmed the effectiveness and safety of decreasing isch-
emia time [15]. In this study, LPN with less than 30 min. 
ischemia time showed a low eGFR loss. We speculate 
this observed lower eGFR loss was due to the following 
3 reasons: first, we incised just outside of the tumor. The 
next reason was the patients’ conscious of drinking of 
large amounts of water, which we recommended to the 
patients at admission. The final reason was that we did 
not tight the renal parenchyma during the operation.

This study evaluated renal function using eGFR for 
a Japanese population. It would be better to assess the 
renal function without a solitary kidney using 99mTc-
DMSA scintigraphy. On the other hand, 99mTc-DMSA 
scintigraphy is expensive, so investigating the renal 
function at number of times periods would be is difficult. 
An estimation of renal function can be obtained by using 
the Cockcroft-Gault formula or MDRD formula [16, 17]. 
However, those formulas were developed for the Ameri-
can people, and a formula that estimates renal function 
for Japanese people is needed. The Japanese Society of 
Nephrology reported the formula for estimating GFR in 
Japanese people in 2008 [9]. This report is the first study 
that evaluated the loss of renal function for Japanese NSS 
patients by using the eGFR.

The loss of eGFR in MLPN one year after surgery in 
the current series was than that seen in other groups but 

not significantly. OPN and LPN groups showed higher 
mean eGFR loss than the other. However, the mean eGFR 
loss in OPN group was less than 10 ml/min/1.73m2, so 
no clinical influence was there whether to need dialysis. 
In our institute, we continuously checked the laborato-
ry data every one year. The loss of renal function one 
and three months after surgery was correlated with the 
ischemia time in the OPN and LPN groups. Shekarriz 
et al. [18] reported that ischemia time less than 30 min-
utes shows no effect on renal function. The loss of eGFR 
1 month after surgery showed significantly differences 
with a cutoff point of 30 minutes ischemia in LPN and 
20 minutes in OPN. These data are consistent with pre-
vious reports [18]. A suturing technique that shorts the 
ischemia time was used in LPN, as described in 2008 [8]. 
This technique was used for all patients that underwent 
LPN in this series and results in a mean ischemia time of 
31.5 minutes. These findings suggest that ischemia time 
less than 30 minutes might be a target time for protecting 
renal function in LPN for Japanese patients.

There are several limitations associated with this 
study. One limitation of this study was that it did not as-
sess the split renal function. 99mTc-DMSA scintigraphy 
could assess the split renal function. However, evaluat-
ing the chronological changes in the renal function by 
99mTc-DMSA would be economically unfeasible. An-
other limitation was the small number of patients inves-
tigated and the fact that it was a retrospective study. We 
therefore have to establish a cutoff-point near the median 
clamping time (20 minutes for OPN and 30 minutes for 
LPN) in order to reach an equal sample size, which did 
not reflect the tolerance of the renal function, because 
kidney can tolerate longer ischemia time under cold isch-
emia than warm ischemia. As a result, further study is 
needed.

Conclusion

This study demonstrated every procedure for small 
renal tumor was safe and effective for preserving postop-
erative renal function. Postoperative renal function might 
be preserved if the ischemia time is limited to 30 minutes 
in LPN and 20 minutes in OPN.
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