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Abstract: Objective: To compare the efficacy of robot-assisted laparoscopic nephron-sparing surgery (RALNSS) with 
conventional laparoscopic nephron-sparing surgery (LNSS) in patients with early-stage renal cell carcinoma (RCC). 
Methods: Seventy-five patients with early-stage (T1-T2N0M0) RCC who underwent RALNSS or LNSS from January 
2015 to July 2016 were randomly divided into RALNSS group (n=38) or LNSS group (n=37). Measurements includ-
ing operation time (OT), intraoperative blood loss (IOBL) and renal warm ischemia time (RWIT) were recorded in 
all surgeries. The patients in each operative group were divided into low-risk, moderate-risk and high-risk groups 
according to the RENAL nephrometry score, followed by comparation in OT, IOBL and RWIT between corresponding 
risk groups. All patients were given 2-year follow-up for renal function evaluation. Results: There were no significant 
differences between the two groups in OT, RWIT and postoperative renal function (all P>0.05). The RALNSS group 
had less IOBL than the LNSS group (P<0.05). There was no significant difference in OT, IOBL and RWIT between the 
two low-risk groups (all P>0.05). The OT, IOBL and RWIT in patients with moderate or high risk were better in the 
RALNSS group than those in the LNSS group with statistical differences (all P<0.05). As to 2-year follow-up of renal 
function, the RALNSS group was superior to the LNSS group (P<0.05). Conclusion: In the treatment of complex RCC 
surgery, RALNSS has shorter RWIT and OT, less IOBL, and better protection for renal function compared to LNSS, 
suggesting that RALNSS for RCC is worthy of application in clinical practice.

Keywords: Renal cell carcinoma, robot, laparoscopy, nephron-sparing surgery, renal function

Introduction

Renal cell carcinoma (RCC), also known as kid-
ney cancer, is a clinically common malignant 
tumor in urinary system, and its incidence is 
second to that of bladder cancer [1]. This dis-
ease has a great impact on the quality of life of 
patients. A survey from the American Cancer 
Society in 2010 showed that 13,040 cases 
died of RCC [2]. The Chinese national epidemio-
logical survey of cancer in 2015 showed that 
the incidence of RCC ranked the 15th among 
all cancers, and the cancer had no obvious gen-
der orientation with a rising trend in young indi-
viduals [3]. Surgery is the main treatment for 
patients with early-stage RCC. Previously, radi-
cal nephrectomy was the standard operating 
procedure [4]. Nephron-sparing surgery (NSS) 
and radical nephrectomy have no significant 
difference in efficacy in recent years [5, 6], 

while NSS can effectively preserve nephrons 
and reduce the risk of chronic kidney diseases, 
so it is promoted for clinical application [7]. 
Conventional laparoscopic surgery is often clini-
cally applied in NSS. With the development of 
technology, robot-assisted minimally invasive 
laparoscopic surgery has emerged as an alter-
native to the conventional one in clinical prac-
tice. Robot-assisted laparoscopic surgery is 
more precise, which can reduce renal damage 
and provide accurate dissection and closure to 
reach an obvious effect especially in the treat-
ment of a complex tumor. Some studies have 
showed that there was no difference between 
the two surgeries in terms of renal warm isch-
emia time (RWIT), while some studies have con-
cluded that robot-assisted laparoscopic neph-
ron-sparing surgery (RALNSS) can significantly 
reduce RWIT; so the difference in clinical effi-
cacy between the two surgeries is still in explo-
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ration [8, 9]. As a relatively good way to evalu-
ate clinical efficacy, this study using a prospec-
tive randomized controlled trial method aims to 
compare the clinical outcomes between RA- 
LNSS and conventional laparoscopic nephron-
sparing surgery (LNSS) to provide a basis for 
subsequent clinical trials.

Materials and methods

Baseline characteristics

A total of 75 patients with early-stage RCC who 
were admitted to the Department of Urology, 
Beijing Jishuitan Hospital from January 2015 to 
July 2016 were included. The patients in this 
study were diagnosed with localized RCC (T1a, 
T1b) or exophytic RCC (T2a) with in-situ renal 
mass protruding off the surface of the kidney 
according to the 2010 AJCC TNM Staging 
System for Renal Cell Carcinoma. Among the 
included patients, 43 were male and 32 were 
female, and their age ranged from 23 to 83 
years old with a mean age of 62.6±10.3 years 
old. All patients were divided into two groups 
according to the retrospective clinical random-
ized controlled trial method, RALNSS group 
(n=38) and LNSS group (n=37). RALNSS group 
contained 21 males and 17 females with a 
mean age of 62.0±10.3 years old, within which 
25 cases underwent surgery on the left side 
and 13 cases on the right side. And LNSS group 
contained 22 males and 15 females with a 
mean age of 63.2±10.3 years old, within which 
21 cases underwent surgery on the left side 
and 16 cases on the right side. All patients 
were followed up for renal function evaluation 
in the following 2 years after treatment. The 
study was approved by the Medical Ethics 
Committee of Beijing Jishuitan Hospital, and 
informed consents were obtained from all the 
patients.

Inclusion and exclusion criteria

Inclusion criteria: Patients diagnosed as unilat-
eral early-stage RCC according to the diagnos-
tic criteria proposed by AJCC TNM Staging 
System for Renal Cell Carcinoma in 2010 [10]; 
their ages ranged from 23 to 83 years old; their 
clinical data were complete and reports well-
documented; postoperative pathological diag-
nosis showed no lymph node metastasis and 
co-morbidities.

Exclusion criteria: 1) Patient who had bilateral 
renal tumor, solitary kidney, or unilateral renal 
tumor with multiple masses; 2) patient who had 
RCC complicated with ipsilateral perirenal 
lymphadenectasis, perirenal fat invasion, infe-
rior vena cava thrombosis, or adrenal metasta-
sis without distant metastasis; 3) patient who 
had anatomic variation or abnormal congenital 
development like duplex kidney as well as 
severe heart, liver, kidney or other diseases; 4) 
patient who received radiotherapy and chemo-
therapy; 5) patients whose blood test showed 
obvious abnormalities; and 6) patients who 
was not suitable for the two surgeries or had 
difficulty or inconvenience in follow-up.

Operation process of conventional laparoscop-
ic nephron-sparing surgery

All patients received LNSS under general anes-
thetic. Detailed steps were as follows [5]: the 
patients were ventilated with oxygen under a 
face mask at a rate of 6-8 L/min. Anesthesia 
was induced intravenously with 0.05-0.10 mg.
kg-1 of midazolam injection (Jiangsu Nhwa, 
China), 1-1.5 mg.kg-1 of propofol injection (Xi’an 
LIBANG, China), 0.2-0.3 μg.kg-1 of sufentanil 
citrate injection (Yichang Humanwell, China) 
and 0.15-0.2 mg.kg-1 of shun atracurium 
(Jiangsu Hengrui, China). After assisted respira-
tion for 3 min, laryngoscopy and tracheal intu-
bation was performed. Administration of 10-20 
μg of sufentanil citrate injection was performed 
5 min before skin incision. Following successful 
anesthesia, the patients were placed on the 
normal side in the lateral decubitus position 
with the surgical monitor connected to the 
patients for monitoring vital signs; then the 
waist bridge was heightened, and disinfection 
on the operative site and placement of sterile 
sheets and towels were performed. A high-defi-
nition laparoscopic operating system (Karl 
Storz, Germany) was launched firstly for the 
later operation. A 10-mm incision for placing 
the first Trocar (Johnson & Johnson, USA) was 
made along the cleavage lines about 10 mm 
below the junction of the lower costal margin of 
the 12th rib in posterior axillary line. We used 
forceps to bluntly dissect the subcutaneous tis-
sues like the muscular layer and lumbo-dorsal 
fascia for less cutting of muscle without com-
promising the opening of the fascia. Re- 
troperitoneal fat was dissected by index finger, 
and a balloon-dilator was placed in the gap cre-
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ated by the preceding dissection. Then 800 mL 
air was inflated into the balloon-dilator to dis-
tract the retroperitoneum for enough working 
space. The second Trocar was inserted 20 mm 
above the superior border of the iliac crest in 
the mid-axillary line and the third Trocar insert-
ed about 10 mm below the junction of the lower 
costal margin below the 12th rib in posterior 
axillary line. The skin incision was then sutured 
to fix the three Trocars in the right places to cre-
ate a pneumoperitoneum for working space.

The peripheral fat of the surgical site was dis-
sected by Ultracision-Harmonic Scalpel (Karl 
Storz, Germany) and bluntly dissected by ves-
sel forceps in order to enlarge the peritoneal 
space for the operations. Then the dissection 
was taken in the Gerota’s fascia along the 
psoas major muscle to get to the dorsal surface 
of the kidney and to the renal hilum for suffi-
ciently exposing the renal artery. Following 
clearly exposure, the tumors were found and 
fully mobilized according to the imaging report. 
A non-invasive blood vessel clamp (Karl Storz, 
Germany) was then inserted into the cavity 
through a Trocar to completely block the renal 
artery. Subsequent to the blocking, the tumor 
was separated from the reserved medullary 
and medullary ray to the depth of the basement 
membrane. Then interrupted suture and liga-
tion were performed using the absorbable 3-0 
suture (Weck, USA) about 5 mm away from the 
incision margin of the mass, followed by run-
ning suture with absorbable 3-0 unidirectional 
barbed suture (Weck, USA) on the renal paren-
chyma to a complete suture of the incision. 
After all the sutures were completed and fixed 
well, the blood vessel clamp was released and 
the presence or absence of bleeding was 
checked. After confirming that there was no 
active bleeding on the surgical wound when 
pneumoperitoneum pressure was decreased, 
and that all the surgical items were taken out of 
the surgical site, a drainage tube was placed at 
the second puncture site, and sterile dressings 
were applied externally for the closure of all the 
incisions.

Operation process of robot-assisted laparo-
scopic nephron-sparing surgery

After successful anesthesia like what did in 
conventional LNSS, the patients were placed 
on the normal side in the lateral decubitus posi-
tion, and the waist bridge was heightened, fol-
lowed by disinfection on the surgical site and 

placement of sterile sheets and towels. Se- 
lection of surgical sites: A transverse incision of 
about 12 mm was undergone 4 cm below the 
costal margin between the midclavicular line 
and the anterior axillary line on the abnormal 
side for establishing a pneumoperitoneum. 
After pneumoperitoneum was achieved, a 12- 
mm Trocar was placed in the pneumoperitone-
um for the robotic camera. After the camera 
port was placed, two 8-mm Trocars were placed 
on the ipsilateral side, 5 cm below the costal 
margin for NO.1 working arm and 3 cm from the 
anterior superior iliac spine along a line to the 
umbilicus for NO.2 working arm. A fourth 12- 
mm Trocar was then placed 5 cm away from the 
NO.1 working arm in the ipsilateral lower quad-
rant and a fifth 5-mm Trocar was placed 5 cm 
away from the NO.2 working arm on the lateral 
side for auxiliary operation. After all the ports 
were completed, the working arms were well-
adjusted so that they were suitable for the 
operation; and the camera arm was connected 
with all the lens ports, followed by proper 
adjustment for a sufficient operative view [11].

Operation details: 1) Mobilization of kidney. An 
incision of the lateral peritoneum was per-
formed along the white line of Told to expose 
the colon. Then the colon was moved to the 
medial side, followed by cutting of the liga-
ments that affected operative view to mobilize 
the kidney and expose the Gerota’s fascia com-
pletely. 2) Dissection of renal artery and vein. 
Subsequent to the mobilization of kidney, the 
renal hilum and its structure were exposed in 
the concave depression of the medial margin of 
kidney. Then the renal artery and vein were 
bluntly dissected in the renal hilum. 3) 
Identification of tumor. The Gerota’s fascia was 
incised to well expose the kidney, after which 
the tumor was found, exposed and separated 
from the surrounding tissues. Then the tumor 
resection margin was labeled with laparoscopic 
electric scissors (American Johnson & Johnson). 
4) Before removing the tumor, non-invasive 
blood vessel clamps were used to completely 
block the renal artery and vein. 5) Dissection of 
tumor. Dissection of tumor was performed 
using the electric scissors at about 5 mm away 
from the incision margin of the mass, during 
which normal renal tissues were preserved as 
much as possible. 6) Closure of the wound. A 
non-invasive blood vessel clamp was then 
inserted into the cavity through a Trocar to com-
pletely block the renal artery. Subsequent to 
the blocking, the interrupted suture and liga-
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tion were performed using the absorbable 3-0 
suture (Weck, USA) about 5 mm away from the 
incision margin, followed by running suture with 
absorbable 3-0 unidirectional barbed suture 
(Weck, USA) on the renal parenchyma to a com-
plete suture of the incision. After all the sutures 
were completed and fixed well, the blood vessel 
clamp was released and the presence or ab- 
sence of bleeding was checked. 7) Final opera-
tion. Before suturing all the layers incised in the 
preceding operations, the blood and urine of 
the surgical area were aspirated out. After 
reconfirming that there was no active bleeding 
on the surgical wound when pneumoperitone-
um pressure was decreased, and that all the 
surgical items were taken out of the surgical 
site, the working arms were removed and the 
tumor specimen was taken out for pathologic 
examination. Then all the outer incisions were 
sutured layer by layer, and sterile dressings 
were applied externally for the closure of all the 
incisions.

To ensure the quality of surgery, the followings 
were complied with: All procedures were per-
formed by seasoned surgeons; the same patch 
and suture materials were used for the same 
type of surgery; unified treatment and nursing 
plan were adopted in both groups of patients 
before and after surgery; corresponding meth-
ods for hemostasis were applied to intraopera-
tive bleeding, and routine prevention of infec-
tion was performed for postoperative incisions; 
the follow-up plans in both groups were the 
same.

Measurements of surgery

Measurements of both kinds of surgeries 
included operation time (OT), renal warm isch-
emia time (RWIT) and intraoperative blood loss 
(IPBL). The OT was recorded from the incision of 
the skin to the end of the suture. The time of 
placement of balloon-dilator and its inflation 
were not included in the conventional laparos-
copy. Likewise, the time for preparing the work-
ing arms was not included in the robot-assisted 
laparoscopic surgery. In both groups, the RWIT 
was recorded from the blocking of the renal 
artery and vein to the end of the blockade. The 
amount of IPBL was recorded from the start of 
surgery to the end of surgical suture.

Preoperative data

General information of all the patients, tumor 
size, preoperative hemoglobin, serum creati-

nine, cystatin C (American Beckman automatic 
biochemical analyzer) were collected before 
surgery. Meanwhile, preoperative RENAL neph-
rometry scoring was performed to assess the 
complexity of tumor [12]. The score contained 
six indicators, four parameters and two qualita-
tive descriptions. Each of the four parameters 
was scored from 1 to 3. The patients were di- 
vided into low-risk (4-6 points), moderate-risk 
(7-9 points) and high-risk (10-12 points) groups 
according to the RENAL score.

Follow-up measurements

Three follow-ups at 6 months, 1 year, and 2 
years postoperatively were carried out. In each 
follow-up, measurements including blood rou-
tine, renal and liver function, chest fluoroscopy, 
abdominal CT and B-ultrasound were reexa- 
mined.

Statistical analysis

The data obtained in this study were analyzed 
using the SPSS software version 17.0. The con-
tinuous variables were expressed as mean ± 
standard deviation (

_
X  ± sd). The t-test was per-

formed on the continuous variables that con-
formed to the normal distribution and the 
homogeneity of the variance, which was ex- 
pressed as t. While rank sum test was per-
formed on the continuous variables that did not 
conform to the normal distribution and the 
homogeneity of the variance, which was ex- 
pressed as Z. Enumeration data were expressed 
as number/percentage (n/%). Pearson chi-
square test and Fisher exact probability test 
were performed on the enumeration data, 
which were expressed as χ2. P<0.05 is consid-
ered statistically significant.

Results

Baseline characteristics

There were 38 cases in the RALNSS group and 
37 in LNSS group. There were no significant dif-
ferences in gender, age, tumor location and tu- 
mor size between the two groups (all P>0.05). 
There were no differences between the two 
groups in preoperative serum creatinine, hemo-
globin, and cystatin C as well as the RENAL 
nephrometry score, as shown in Table 1.

Intraoperative and postoperative measure-
ments

The RALNSS group could save 10 min or more 
on average compared with the LNSS group in 
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Table 1. Comparison of baseline characteristics between the two groups

Items The RALNSS group 
(n=38)

The LNSS group 
(n=37) χ2/t P

Gender (male:female) 21:17 22:15 -0.363 0.781
Age (year) 62.0±10.3 63.2±10.3 0.489 0.626
Location of tumor (left:right) 25:13 21:16 0.796 0.429
Tumor size 4.21±0.85 4.33±0.89 -0.603 0.548
Preoperative serum creatinine level 96.29±22.69 95.73±20.99 0.111 0.912
Preoperative hemoglobin level 148.42±21.15 147.89±20.49 0.110 0.913
Preoperative cystatin C level 0.93±0.14 0.94±0.12 -0.140 0.889
The RENAL Nephrometry Score 7.79±2.02 7.73±2.02 0.523 0.603
Risk groups -0.745 0.457
    Low-risk (4-6 points) (case) 8 10
    Moderate-risk (7-9 points) (case) 23 22
    High-risk (10-12 points) (case) 7 5
Note: RALNSS, robot-assisted laparoscopic nephron-sparing surgery; LNSS, laparoscopic nephron-sparing surgery.

Table 2. Comparison of intraoperative and postoperative related indicators between the two groups

Items The RALNSS 
group (n=38)

The LNSS 
group (n=37) t P

Operation time (min) 101.82±37.28 109.24±42.77 -0.802 0.425

Renal warm ischemia time (min) 15.68±4.38 19.00±6.89 -2.032 0.056

Intraoperative blood loss (mL) 32.71±14.96 46.49±24.21 -2.478 0.004

Postoperative hemoglobin level (g/L) 131.21±21.55 130.76±20.10 0.094 0.952

Difference of hemoglobin levels between pre- and post-operation (g/L) 17.21±5.71 17.14±5.76 0.057 0.955

Postoperative serum creatinine level (μmol/L) 113.95±25.66 113.26±23.06 0.120 0.905

Difference of serum creatinine levels between pre- and post-operation (μmol/L) 17.66±9.69 17.54±10.09 0.051 0.959

Postoperative cystatin C level (mg/L) 1.09±0.35 1.10±0.35 -0.084 0.933

Difference of cystatin C levels between pre- and post-operation (mg/L) 0.25±0.31 0.25±0.31 -0.036 0.971
Note: RALNSS, robot-assisted laparoscopic nephron-sparing surgery; LNSS, laparoscopic nephron-sparing surgery.

Table 3. Comparison of operation time, renal warm 
ischemia time and intraoperative blood loss in the 
low-risk group between the two groups

Items The RALNSS 
group (n=8)

The LNSS 
group (n=10) t P

OT (min) 71.75±5.99 71.70±3.02 0.023 0.982
RWIT (min) 12.38±1.41 12.70±1.49 -0.470 0.645
IOBL (mL) 20.25±3.91 20.80±4.94 -0.256 0.801
Note: RALNSS, robot-assisted laparoscopic nephron-sparing sur-
gery; LNSS, laparoscopic nephron-sparing surgery; OT, operation 
time; IOBL, intraoperative blood loss; RWIT, renal warm ischemia 
time.

term of the OT, but there was no statistical dif-
ference in the OT between the two groups 
(P>0.05). The RWIT of the RALNSS group was 
about 4 min less than the LNSS group, but no 
statistical difference was shown in the RWIT 
between the two groups. IOBL in the RALNSS 
group was reduced by about 14 mL on average 

compared with the LNSS group, which 
showed a statistical difference (P<0.05). 
Postoperative hemoglobin levels, differ-
ences of hemoglobin levels between pre- 
and post-operation, postoperative serum 
creatinine levels, differences of serum 
creatinine levels between pre- and post-
operation, postoperative cystatin C levels, 
and differences of cystatin C levels 
between pre- and post-operation in the 
two groups showed no significant statisti-
cal difference (all P>0.05; Table 2).

Operation time, renal warm ischemic 
time and intraoperative blood loss between 
two low-risk groups

Comparing the OT, RWIT and IOBL between the 
two low-risk groups, there were no significant 
differences in those three measurements (all 
P>0.05; Table 3, Figure 1).



Robot-assisted laparoscopic surgery

3596 Int J Clin Exp Med 2019;12(4):3591-3601

Operation time, renal warm ischemic time and 
intraoperative blood loss in two moderate-risk 
groups

OT in the RALNSS moderate-risk group was 
shortened by about 15 min on average com-
pared with that in the LNSS moderate-risk 
group. About 5 min on average was saved in 
terms of RWIT in the RALNSS moderate-risk 
group compared with that in the LNSS moder-
ate-risk group. And the IOBL in RALNSS moder-
ate-risk group was reduced by about 20 mL on 
average compared with that in the LNSS mod-
erate-risk group. There were statistical differ-
ences in terms of the three measurements 
between the two moderate-risk groups (all 
P<0.05; Table 4, Figure 2).

Cystatin C level in follow-up

The patients were followed up for cystatin C lev-
els at 6 months, 1 year, and 2 years posto- 
peratively. The RALNSS group was significantly 
superior to the LNSS group in cystatin C levels 
at 6 months, 1 year, and 2 years, which show- 
ed statistical differences (all P<0.05; Table 7, 
Figure 5).

Complications and outcomes

In terms of complication, one case of delayed 
wound healing and one case of cerebral embo-
lism showed in each operative group. There 
was no difference in the incidence of complica-
tions between the two groups. No metastasis 

Figure 1. Comparison of operation time, renal warm ischemic time and in-
traoperative blood loss in low-risk group between the two groups.

Table 4. Comparison of operation time, renal warm ischemia time 
and intraoperative blood loss in the moderate-risk group between 
the two groups

Items The RALNSS 
group (n=23)

The LNSS group 
(n=22) t P

OT (min) 92.52±13.02 107.18±20.72 -2.855 0.007
RWIT (min) 14.91±2.74 20.18±2.17 -7.116 0.000
IOBL (mL) 29.13±4.66 49.41±15.05 -6.197 0.000
Note: RALNSS, robot-assisted laparoscopic nephron-sparing surgery; LNSS, lapa-
roscopic nephron-sparing surgery; OT, operation time; IOBL, intraoperative blood 
loss; RWIT, renal warm ischemia time.

Figure 2. Comparison of operation time, renal warm ischemic time and 
intraoperative blood loss in moderate-risk group between the two groups. 
**P<0.01; ***P<0.001.

Operation time, renal warm 
ischemic time and intraopera-
tive blood loss in two high-risk 
groups

About 26 min on average was 
saved in terms of OT in the 
RALNSS high-risk group com-
pared with that in the LNSS 
high-risk group. The RWIT in 
the high-risk patients of 
RALNSS group was shortened 
by about 8 min on average 
compared with that of LNSS 
group. And the IOBL in high-
risk patients of RALNSS group 
was reduced by about 34 mL 
on average compared with 
that of the LNSS group. There 
were statistical differences in 
terms of the three measure-
ments between the two high-
risk groups (all P<0.05; Table 
5, Figure 3).

Serum creatinine level in 
follow-up

The patients were followed up 
for renal function at 6 months, 
1 year, and 2 years postopera-
tively. The RALNSS group was 
significantly superior to the 
LNSS group in serum creati-
nine levels at 6 months, 1 
year, and 2 years, which show- 
ed statistical differences (all 
P<0.05; Table 6, Figure 4).
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or recurrence was found in the two groups dur-
ing the 2-year follow-up.

Discussion

Nowadays, RCC has a high incidence with a ris-
ing trend in young individuals [1, 3]. And with 
the use of CT and B-ultrasound, the detection 
rate of the cancer is greatly increased [13]. 
Therefore, the treatment and prognosis of this 
cancer have received more and more attention. 
Formerly, laparotomy was used as the basic 
method for the treatment of the cancer. And 
with the update of technology and the clinical 
application of minimally invasive surgery in 
recent years, it has been found that laparo-
scopic surgery and robot-assisted laparoscopic 
surgery have no significant difference in the 
treatment of a cancer compared with laparoto-
my, and in addition, have advantages of mini-
mal invasion, fast recovery, and good tolerance 
for patients [14, 15]. But the difference in clini-
cal efficacy between the two minimally invasive 
surgeries is still inconclusive [8, 9]. As to the 
difference, this study aimed to compare the 
clinical efficacy of the two surgeries.

The RENAL score used in this study is a tool for 
evaluating the complexity of a tumor [12]. After 

groups, so the difference between the two sur-
geries in the low-risk groups was not obvious. 
There were significant differences between the 
two surgical methods in the moderate-risk and 
high-risk groups, which was closely related to 
the features and advantages of the two surger-
ies. In conventional laparoscopic surgery, on 
the surgeons’ side, the display can offer a 
multi-angle, high-magnification and high-defini-
tion surgical visual field, which can clearly 
expose lesion and tissue structure accurately 
and radically excise a tumor without damaging 
normal tissues and organs. So, operations in 
the conventional LNSS can preserve the neph-
rons as much as possible with less damage to 
the body and organs and less OT than an open 
surgery. And on the patients’ side, they can 
benefit from many aspects such as small trau-
ma, small incision, less pain, less postopera-
tive complications, quick recovery after surgery, 
less scarring after incision, shorter hospital 
stay, and lower cost. Compared with the con-
ventional laparoscopic surgery, the robot-
assisted laparoscopic surgery has more advan-
tages: 1) the surgeons can conduct the opera-
tion in a sitting position, which decreases the 
work intensity so as to reduce the fatigue, offer-
ing more energy and time to the complicated 
surgery; 2) with the help of high-resolution 3D 

Table 5. Comparison of operation time, renal warm ischemia time 
and intraoperative blood loss in the high-risk group between the 
two groups

Items The RALNSS group 
(n=7)

The LNSS group 
(n=5) t P

OT (min) 166.71±38.16 193.40±43.20 -2.541 0.021
RWIT (min) 22.00±5.03 30.00±6.94 -2.323 0.043
IOBL (mL) 50.71±15.77 85.00±21.96 -2.426 0.036
Note: RALNSS, robot-assisted laparoscopic nephron-sparing surgery; LNSS, lapa-
roscopic nephron-sparing surgery; OT, operation time; IOBL, intraoperative blood 
loss; RWIT, renal warm ischemia time.

Figure 3. Comparison of operation time, renal warm ischemic time and in-
traoperative blood loss in high-risk group between the two groups. *P<0.05.

grouping all the patients in 
both operative groups using 
the RENAL score, we found 
that the number of low-risk 
patients and that of high-risk 
patients in the RALNSS group 
differed from those in the LNSS 
group. So, all the patients were 
divided into three risk groups 
to make comparisons between 
two operative groups. The stu- 
dy found that no significant dif-
ferences were shown in terms 
of OT, IOBL and RWIT between 
the two low-risk groups. How- 
ever, middle-risk and high-risk 
patients in the RALNSS group 
was significantly superior to 
those in the LNSS group in the 
above three measurements. 
The procedures and the ana-
tomical location of the tumor in 
the low-risk groups were rela-
tively easier than those in the 
moderate-risk and high-risk 
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robot-assisted laparoscopic surgery can signifi-
cantly shorten the time compared with an open 
surgery group or a conventional laparoscopic 
surgery [19, 20]. Moreover, robot-assisted lapa-
roscopic surgery can easily find deformity of 
renal artery using CT to prevent renal artery 
blockage effect from being poor, which is con-
sistent with this study [21].

As for the evaluation of postoperative renal 
function in this study, serum creatinine and cys-
tatin C were chosen as indicators. Serum cre-
atinine has an irreplaceable role in evaluating 
renal function, and currently urine volume and 
serum creatinine are still used for diagnosis in 
patients with acute renal injury [22, 23]. Serum 
creatinine for evaluating renal function is limit-
ed by factors such as diet and age, and its level 
only begins to increase when the glomerular 
filtration rate drops below half [24]. Therefore, 
cystatin C is also used for renal function evalu-
ation in this study because of its relative stabil-
ity in the blood. So, cystatin C can reflect chang-
es in glomerular filtration rate. And some stud-
ies have found cystatin C is positively correlat-
ed with the severity of kidney damage [25]. And 
studies have found that cystatin C has a sensi-

Table 6. Comparison of decreases of serum creatinine levels at post-operation, and at post-operative 6 
months, 1 year and 2 years between the two groups

Items

The 
RALNSS 

group 
(N=38)

The LNSS 
group 

(N=37)
χ2/t P

Difference of serum creatinine levels between pre- and post-operation (μmol/L) 17.66±9.69 17.54±10.09 0.051 0.959

Difference of serum creatinine levels between post-operation and post-operative 6 months (μmol/L) 1.79±2.28 13.65±1.63 -25.81 0.000

Difference of serum creatinine levels between post-operative 6 months and post-operative 1 year (μmol/L) 1.92±2.05 6.57±4.38 -5.846 0.000

Difference of serum creatinine levels between post-operative 1 year and post-operative 2 years (μmol/L) 1.32±2.67 8.69±4.59 -8.483 0.000
Note: RALNSS, robot-assisted laparoscopic nephron-sparing surgery; LNSS, laparoscopic nephron-sparing surgery.

Figure 4. Tendency chart of the decreases of the serum creatinine levels 
at post-operation, and at post-operative 6 months, 1 year and 2 years. 
***P<0.001.

imaging system, the visual field is clearer and 
the surgical site is more clearly displayed; 3) for 
a precise surgery, subtle tremor may even lead 
to a failure. The powerful vibration-filtering 
function of the robot can filter out involuntary 
vibrations of the human hand, and minimize the 
amount of bleeding and the RWIT while ensur-
ing tight closure of the wound. Therefore, the 
defects caused by the intraoperative operation 
due to the physiological vibration are greatly 
reduced, which enhances the stability of the 
operations; and the leverage of the convention-
al laparoscope is eliminated. Because of the 
robot, signals from actual operations of a sur-
gery are demagnified into proper movements of 
the working arms by the reference to the 
demand in the body cavity; 4) surgical instru-
ments with fine movement, flexibility and stabil-
ity make the various intracavity operations 
such as suturing and closure that are difficult 
for conventional laparoscopic surgery simple 
and flexible, and can complete various precise 
and complicated surgeries in a small space; 5) 
the operations in the robot are accessible to 
general surgeons and their skills are relatively 
easy to master. This study found that difference 
in IOBL between the two groups may be more 

closely related to robot-assist-
ed laparoscopic surgery. Pre- 
vious studies have found th- 
at robot-assisted laparoscopic 
surgery can reduce IOBL and 
shorten hospital stay [16, 17], 
and the conventional laparo-
scopic surgery is more difficult 
to conduct with a prolonged 
operation time due to the small 
operation space, which is con-
sistent with the results of this 
study [18]. In terms of renal 
warm ischemic time, previous 
multicenter studies found that 
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tivity of 70% to the evaluation of renal damage 
[26]. Robot-assisted laparoscopic surgery is 
finer than conventional laparoscopic surgery, 
so it can perform a variety of fine and complex 
high-precision surgical operations in a small 
space. For NSS, some relatively complicated 
tumors with special growth sites can also 
achieve complete resection under the premise 
of ensuring safety, and can preserve the neph-
rons to protect the residual renal function to a 
maximum extent. This study found that during 
the 2-year follow-up, the levels of serum creati-
nine and cystatin C in the RALNSS group were 
significantly lower than those in the LNSS 
group, which was closely related to the opera-
tions and the preservation of nephrons. There 
was no significant abnormality in the incidence 
of complications in the two groups, while some 
studies have suggested that laparoscopic sur-
gery has a high incidence of complications [27]. 
The inconsistency may be related to the small 
sample size in this study. No recurrence was 
found in either group in this study, while a study 
in 2016 found that the recurrence rate was 
5.6% in patients who underwent nephron-spar-
ing surgery [28]. Small sample size in this study 
may account for the inconsistency.

neoplasms, suggesting that RALNSS for RCC is 
worthy of promotion and application in clinical 
practice.
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