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Abstract
Background: This study aimed to explore the appropriate location of renal tumors for retroperitoneal approach.

Materials and Methods: We retrospectively analyzed 1040 patients with renal tumor who were treated at our
institution from Janurary 2015 to June 2020 and had underwent retroperitoneal robotic assisted-laparoscopic partial
nephrectomy (rRAPN). Clinical features and postoperative outcomes were evaluated.

Results: Patients with incomplete data were excluded, and we included 896 patients in total. The median tumor size
was 3.0 (range: 0.8-10.0) cm. The median RENAL Nephrometry Score was 7 (range: 4-11), and the median PADUA
Nephrometry Score was 8 (range: 6-14). The median surgical time was 120 min, and the median warm ischemia time
was 18 min. The median estimated blood loss was 50 ml. The follow-up time was 20.2 (range: 12-69) months. The
mean change of eGFR 1 year after operation was 14.6% + 19.0% compared with preoperative estimated glomerular
filtration rate (eGFR). When compared the tumor at different locations, as superior or inferior pole, anterior of posterior
face of kidney, there were no significant differences of intra- and post-operative outcomes such as surgical time, warm
ischemia time, estimated blood loss, removal time of drainage tube and catheter, postoperative feeding time and hos-
pital stay, and changes of eGFR one year after surgery. We also compared tumors at special locations as endophytic or
exophytic, anterior of posterior hilus of kidney, there were no significant differences in surgical time, warm ischemia
time, estimated blood loss and changes of eGFR. There was no significant difference in intraoperative features and
postoperative outcomes when tumor larger than 4 cm was located at different positions of kidney. Though the surgi-
cal time was longer when BMI > 28 (132.6 min vs. 122.5 min, p =0.004), no significant differences were observed in
warm ischemia time, estimated blood loss, changes in eGFR. Twenty-seven patients (3.0%) had tumor progression,
including 8 (0.9%) recurrence, 19 (2.1%) metastasis, and 9 (1.0%) death.

Conclusion: Retroperitoneal approach for RAPN has confirmed acceptable intra- and postoperative outcomes and
suits for renal tumors of all different locations. Large tumor size and obesity are not contraindications for rRAPN.

Keywords: Renal tumor, Retroperitoneal approach, Robot-assisted partial nephrectomy

fXiangjun Lyu and Zhuo Jia contributed equally to this study Background

Nephron-sparing surgery is the recommended surgical
, , : treatment for T1la renal tumors [1] and a viable treat-
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preserve more normal renal parenchyma. [2] Robot-
assisted partial nephrectomy (RAPN) for nephron
sparing surgery is now widely used due to its safety
and effectiveness in complex renal tumor and bet-
ter outcomes than standard laparoscopy. [3—5] Trans-
peritoneal (tRAPN) [6] and retroperitoneal (rRAPN)
[7] approaches are standard methods for RAPN. The
appropriate location of renal tumors for retroperito-
neal approach still remains controversial. Some studies
showed superiority for posterior tumors and challenges
for anterior, medial, and inferior pole tumors, [8] while
other studies showed no difference between rRAPN
and tRAPN. [9, 10] This study is the largest cohort
study in single center of patients that underwent
rRAPN reported in literature to compare intraoperative
data and postoperative outcomes of different locations
of renal tumors.

Materials and methods

We retrospectively studied 1040 patients with renal
tumor, who were treated at our institution from Janu-
ary 2015 to June 2020, and had undergone retroperito-
neal robotic assisted-laparoscopic partial nephrectomy.
Patients with incomplete image and follow-up data
were excluded. We included 896 patients in total. All
the available clinical data were reviewed. Baseline clini-
cal characteristics included age, gender, BMI, tumor
size, tumor side, tumor location, RENAL Nephrometry
Score (Radius, Exophytic, or endophytic properties,
Nearness of tumor to the collecting system or sinus
in millimeters, Anterior or posterior location to polar
line), PADUA Nephrometry Score, surgical time, warm
ischemia time, and estimated blood loss. Post-opera-
tive outcomes included perioperative outcomes (posi-
tive surgical margin rate, drainage tube and catheter
removal time, feeding time, hospital stay, surgical com-
plication), functional outcomes—changes in eGFR one
year after operation, and oncological outcomes con-
taining follow-up time, and disease progression (recur-
rence, metastasis, and death) rate.

Statistical analysis

Clinical characteristics were compared by Wilcoxon
test, chi-square, or Fisher exact test. Univariable anal-
ysis with log-rank test and multivariate analysis with
cox proportional hazard regression model were used
to estimate hazard ratios and 95% confidence intervals.
Statistical analyses were performed using SPSS soft-
ware version 23 (SPSS, Inc.), and two-tailed p<0.05
were considered statistically significant.
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Results

The clinical characteristics of 896 patients are shown in
Table 1. The male-to-female ratio was approximately
3:1. The median age was 52 (range: 14—86) years, and
the median BMI was 25.8 kg m% The median tumor size
was 3.0 (range: 0.8-10.0) cm. For tumor location, 338
(37.7%) patients had tumor on superior pole of kidney,
252 (28.1%) had tumor on inferior pole, and the other 306
(34.2%) had tumor in the middle of kidney. As for face
of tumor, 229 (25.6%) patients had tumor with anterior
facing, 533 (59.5%) had posterior facing, and the other
134 (14.9%) had undefined result. The median RENAL
Nephrometry Score was 7 (range: 4—11), and the median
PADUA Nephrometry Score was 8 (range: 6—14). The
median surgical time was 120 (range: 40-385) min, and
the median time required for port insertion and docking
was 23(range: 10-46) min. The warm ischemia time was
18 (range: 6-40) min and the median estimated blood
loss was 50 (range: 5—2000) ml. Postoperative clinical fea-
tures are shown in Table 2. The median removal times of
drainage tube and catheter were 3 (range: 1-20) days and
2 (range: 1-13) days, respectively. The median postopera-
tive feeding time and postoperative hospital stay were 2
(range: 1-10) days and 5 (range: 9-69) days, respectively.
Surgical complications were evaluated by Clavien Dindo

Table 1 Clinical features

Variables n

n 896

Gender

Male (%) 663 (74.0%)
Female 233 (26.0%)
Age (years) 52 (14-86)
BMI (kg.m2) 25.8(17.0-50.8)
Side (%)

Left 440 (49.0%)
Right 456 (51.0%)
Tumor size (cm) 3.0(0.8-10.0)
Superior or inferior location (%)

Superior pole 338 (37.7%)
Inferior pole 252 (28.1%)
Middle 306 (34.2%)
Anterior or posterior location

Anterior (A) 229 (25.6%)
Posterior (B) 533 (59.5%)
Undefined (X) 134 (14.9%)
RENAL nephrometry score 7(4-11)
PADUA nephrometry score 8 (6-14)
Surgical time (min) 120 (40-385)
Warm ischemia time (min) 18 (6-40)
Estimated blood loss (ml) 50 (5-2000)
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Table 2 Postoperative clinical features

Variables n

Drainage tube removal time (days) 3(1-20)
Catheter removal time (days) 2(1-13)
Postoperative feeding time (days) 2(1-10)
Postoperative hospital stay (days) 5(2-52)
Positive surgical margin (%) 4(0.45%)
Complication (Clavien Dindo classification) 116 (12.9%)
Grade 1 87 (9.7%)
Grade 2 24 (2.7%)
Grade 3 4 (0.4%)
Grade 4 1(0.1%)
Grade 5 0

Changes of eGFR (%) 1464+£19.0
Follow up time (months) 20.2 (12-69)
Disease progression (%)

Recurrence 8 (0.9%)
Metastasis 19 (2.1%)
Death 9 (1.0%)

classification. The complication rate was 12.9% and rate
of major postoperative complications was low (2.7% for
Grade 2, 0.4% for Grade 3 and 0.1% for Grade 4). The fol-
low-up time was 20.2 (range: 12—69) months. The mean
changes of eGFR 1 year after operation was 14.6% =+
19.0% compared with preoperative eGFR. Twenty-seven
patients (3.0%) had tumor progression, including 8 (0.9%)
recurrence, 19 (2.1%) metastasis, and 9 (1.0%) death.
Comparison of clinical characteristics of patients
with tumor at superior or inferior pole and anterior
or posterior face of kidney is shown in Table 3. All
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the features shown had no significant differences. The
major postoperative complication rate was low and
there was no statistical difference in comparison of dif-
ferent locations.

Table 4 shows the comparison of clinical characteris-
tics of anterior and posterior renal tumor when located
on superior, inferior, or middle of kidney. No signifi-
cant differences were observed on patients that had
undergone rRAPN when tumor was located at different
positions.

We analysed the clinical characteristics of patients
with tumor at special locations as endophytic tumor
and hilus tumor of kidney. Table 5 shows the com-
parison of endophytic and exophytic renal tumor.
There were no significant differences in tumor size
(p=0.842). RENAL and PADUA Nephrometry Score
showed higher score in endophytic tumor group. No
significant differences were observed in surgical time,
warm ischemia time, estimated blood loss and changes
in eGFR. Table 6 shows comparison of clinical features
of anterior and posterior renal hilus tumor. All the
characteristics showed no significant differences.

We also found no significant difference in intraopera-
tive features and postoperative outcomes when tumor
larger than 4 cm was located at different positions of
kidney. We compared patients whose BMI>28 and
BMI<28, with no differences in RENAL and PADUA
Nephrometry Score. The surgical time was longer when
BMI > 28 (132.6 min vs. 122.5 min, p=0.004). No sig-
nificant differences were observed in warm ischemia
time, estimated blood loss, changes in eGFR, removal
time of drainage tube and catheter, postoperative feed-
ing time, and postoperative hospital time.

Table 3 Comparison of clinical characteristics of patients with tumor at superior or inferior pole and anterior or posterior face of

kidney

Variables

Superior vs. Inferior

Anterior vs. Posterior

RENAL nephrometry score

PADUA nephrometry score
Surgical time (min)

Warm ischemia time (min)
Estimated blood loss (ml)
Complication (Clavien Dindo classification)
Grade 1 (%)

>Grade 2 (%)

Changes of eGFR (%)

Drainage tube removal time (days)
Catheter removal time (days)
Postoperative feeding time (days)
Postoperative hospital stay (days)

6.2vs. 6.1, p=0.385
8.1vs.79,p=0.145
1266 vs. 123.6, p=0419
18.9vs.19.8,p=0.191
73.0vs.66.5, p=0.262

9.5vs.9.9,p=0.727
33vs.28,p=0.325
164 vs. 14.4,p=0.077
33vs. 3.2, p=0627
24vs. 2.5, p=0.760
22vs.22,p=0.932
54vs.53,p=0978

6.8vs. 69, p=0.347

8.7 vs.8.7,p=0.804
123.0vs. 125.1, p=0.562
18.8vs.19.9,p=0.111
715vs.63.5,p=0412

9.6 vs. 9.6, p=0.904
3.1vs.3.2,p=0937
144 vs.13.3,p=0462
3.2vs.34,p=0215
25vs.24,p=0.790
22vs.2.1,p=0.110
56vs. 54, p=0467
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Table 4 Comparison of clinical characteristics of anterior and posterior renal tumor located on superior, inferior, or middle of kidney

Variables

Superior pole

Inferior pole Middle

n
RENAL nephrometry score

PADUA nephrometry score

Surgical time (min)

Warm ischemia time (min)

Estimated blood loss (ml)

Complication (Clavien Dindo classification)
Grade 1 (%)

>Grade 2 (%)

Changes of eGFR (%)

Drainage tube removal time (days)
Catheter removal time (days)
Postoperative feeding time (days)
Postoperative hospital stay (days)

87 vs. 206

59vs. 6.2, p=0.09
79vs.8.3,p=0.086
130.1 vs. 124.3,p=0.326
184vs.188,p=0.712
899 vs. 644, p=0217

103 vs. 8.7, p=0.521
34vs.34,p=0928
189 vs. 15.6, p=0.066
3.2vs.3.3,p=0.501
2.5vs.2.3,p=0.287
24vs.2.1,p=0.111
54vs.53,p=0.720

70 vs. 159
6.1vs.6.0,p=0.585
8.3vs. 7.8, p=0.063
122.7 vs.123.7, p=10.885
18.6 vs.20.1, p=0.281
519vs. 614, p=0429

82 vs. 168
8.1vs.86,p=0.057
9.7vs.10.1,p=0.102
1154 vs.127.6,p=0.048
19.1vs.21.1,p=0.130
66.0vs.64.6,p=0915

10.0vs. 10.1, p=0.836
29vs. 2.5, p=0432
13.5vs.15.6, p=0.304
32vs.3.2,p=0.871
24vs.24,p=0.905
23vs. 2.1, p=0.244
50vs. 5.5 p=0306

7.3vs.10.1,p=0.105
24vs.36,p=0.220
16.2vs. 16.3,p=0.956
33vs.3.7,p=0.153
2.5vs.26,p=0.448
20vs. 2.1,p=0.293
6.2vs. 55, p=0.188

Table 5 Comparison of clinical characteristics of patients with
exophytic tumor and endophytic tumor of kidney

Variables

Exophytic tumor vs.
Endophytic tumor

n
Tumor size (cm)

RENAL nephrometry score

PADUA nephrometry score

Surgical time (min)

Warm ischemia time (min)

Estimated blood loss (ml)

Complication (Clavien Dindo classification)
Grade 1 (%)

> Grade 2 (%)

Changes of eGFR (%)

668 vs. 223
30vs.3.1,p=0.842

6.4 vs. 8.6, p<0.001
8.0vs. 109, p<0.001
125.5vs.122.8,p=0443
19.2 vs.21.1, p=0.009
65.8vs.76.2,p=0.301

94vs.10.3,p=0.204
3.0vs.3.6,p=0.327
159vs.16.2,p=0.785

Table 6 Comparison of clinical characteristics of patients with
tumor at anterior and posterior of renal hilus

Variables

Anterior vs. Posterior
renal hilus tumor

n
Tumor size (cm)

RENAL Nephrometry Score

PADUA Nephrometry Score

Surgical time (min)

Warm ischemia time (min)

Estimated blood loss (ml)

Complication (Clavien Dindo classification)
Grade 1 (%)

>Grade 2 (%)

Changes of eGFR (%)

41 vs. 74
2.7vs.3.1,p=0.073
83vs.85,p=0473
10.3vs. 10.8, p=0.140
119.7 vs.120.1, p=0.963
19.7 vs. 188, p=0.559
80.5 vs. 64, p=0.487

12.2vs5.96,p=0.192
24 vs. 4.1, p=0.084
16.0vs. 15.8, p=0.947

Discussion

The rRAPN is now widely used because it has advan-
tages of direct access to the hilar, avoiding intraperitoneal
structures mobilization, lower postoperative complica-
tion occurrence, shorter operative time, less blood loss,
and shorter length of hospital stay. [11-15] However,
rRAPN has potential disadvantages such as limited work-
ing space and higher requirements for establishing opera-
tion space. [8] In early years’ research, the transperitoneal
approach is recommended for anterior or lateral tumors,
[16] and the retroperitoneal approach is preferred for
posterior tumors. [17] Retroperitoneal approach might
be challenging for large or complex tumors. [17] How-
ever, finding in recent years’ study showed equivalent
perioperative morbidity and postoperative outcomes of
rRAPN and tRAPN regardless of tumor location. [18] In
our study, retroperitoneal approach is proven to be an
effective option for renal tumors of any location.

The retroperitoneal access has several potential disad-
vantages such as limited working space and unlikely to
use a fourth robotic arm, especially for obese patients
with a high volume of adherent perirenal fat. [8] The
full flank position might be contraindicated for patients
with spinal diseases. Some studies indicated that rRAPN
might be challenging due to the less familiar landmarks
and the technique for creating the retroperitoneal work-
ing space. [19] The surgical approach requires extensive
experience in retroperitoneal laparoscopic surgeries,
not only for surgeons, but also for assistants. The cases
included in this study were performed by experienced
surgeons in our hospital. Prior to performing rRAPNS,
the surgeons had many years of experience in laparo-
scopic and robotic surgery, especially nephrectomies in
retroperitoneal approach. In our study, we found that
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surgical time was longer when BMI> 28 (132.6 min vs.
122.5 min, p=0.004). However, warm ischemia time,
estimated blood loss, and eGFR change 1 year after oper-
ation showed no significant difference. This result sug-
gested that rRAPN was not a contraindication for obese
patients regardless of about 10 more minutes needed for
resection of perirenal fat.

Several studies confirmed the superiority of rRAPN in
operative time with quicker hilar control than tRAPN.
[20, 21] Warm ischemia time was shorter with rRAPN
for posterior-facing tumors than tRAPN, [9] while other
studies showed no significant differences between the
approaches when including anterior tumors. [15, 19] A
significant lower EBL was reported in rRAPN group than
in tRAPN group (88 ml vs. 395 ml, p<0.01) by Hughes-
Hallet and Gin’s study. [22, 23] In our study, the mean
operative time, WIT, and EBL were similar to or less than
those reported in literature.

One of the most obvious potential advantages of
rRAPN is the lack of bowel mobilization and low risk
of bowel complications, especially for those who had
abdominal surgery history. Retroperitoneal approach
might be beneficial for bilateral renal tumor given that
the risk of complications was higher when undergoing
more abdominal surgery. In our study, 25 patients had
bilateral renal tumor and underwent rRAPN twice. They
all recovered well and had no abdominal complications.
Thus, an obvious advantage of rRAPN is faster recovery
of bowel function, which causes early postoperative feed-
ing. Patients that had undergone rRAPN was reported to
have shorter length of postoperative stay in hospital. [9,
19, 24, 25] Furthermore, we found no significant differ-
ences in drainage tube and catheter removal time, feed-
ing time, and postoperative hospital stay of renal tumors
in different locations in this study.

The positive surgical margin rate in our study was
0.45%, which was less than the reported 3.3% for cT1b
renal tumors or 4.5% for cT2a renal tumors. [26] All the
patients with positive surgical margins survived and did
not experience tumor progression during follow-up time.
A total of 50% patients for T1la renal tumor and 33% for
T1b renal tumor were reported to achieve over 90% eGFR
preservation. [27] Zagar’s study showed 52% of patients
with renal neoplasms <4 cm preserved 90% of their pre-
operative eGFR. [28] In our study, the mean changes
of eGFR 1 year after operation was 14.6% and approxi-
mately 39.1% of patients had eGFR>90% of baseline. We
found that for the tumor <4 cm, 50.4% of patients pre-
served 90% of eGER one year after operation, which was
comparable to tRAPN reported in Zagar’s study. [28]
Another study showed more decreased eGFR 1 year after
operation of patients that had undergone RAPN in ret-
roperitoneal approach than transperitoneal approach (9%
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vs. 32% patients preserved 90% of preoperative eGFR)
when tumors were larger than 4 cm. The authors gave
the explaination that this result might be caused by con-
fined surgical space in retroperitoneal approach leading
to difficulties in resecting and suturing and possibility of
injuring more normal renal parenchyma. [20] However,
in our study, when tumor was larger than 4 cm, 29.6%
patients preserved 90% of eGFR 1 year after operation
in retroperitoneal approach. Our results were compara-
ble to patients who had undergone RAPN in transperi-
toneal approach reported in Choi’s study and better than
the results of retroperitoneal approach in his study. [20]
We believed that our results might be more objective as
we analysed more cases in our study. This interference
suggested that large size of tumor might not be a disad-
vantage for retroperitoneal approach as previous stud-
ies worried. We also found no significant difference in
intraoperative features and postoperative outcomes when
tumor larger than 4 cm was located at different positions
of kidney.

Wether rRAPN is suitable for complicated renal tumor
such as endophytic and hilus tumor has not been dis-
cussed in large cohort study in the literature. In our
study, there was no significant differences in surgical
time between endo- and exophytic tumor group. Though
there was about two more minutes on average of warm
ischemia time in endophytic renal tumor, the changes
of eGER one year after surgery had no significant differ-
ences compared to patients with exophytic renal tumor.
The results showed that rRAPN was suitable for endo-
phytic renal tumors. Our study also showed no signifi-
cant differences in surgical time, warm ischemia time,
changes of eGFR compared anterior tumor to posterior
tumor of renal hilus when tumor size and nephrometry
score had no differnences. This result might suggest that
rRAPN was suitable for anterior tumor of renal hilus as
well as posterior renal hilus tumor.

Prognostic outcomes seemed acceptable in patients
that had undergone rRAPN. In this study, mean follow-
up time was 20.2 (range: 12-69) months. Moreover, 8
(0.9%) patients had recurrence, 19 (2.1%) had metasta-
sis, and 9 (1.0%) died. One study suggested that RAPN
had comparable oncological outcomes to open partial
nephrectomy. [29] PN had comparable outcomes to RN
in patients with larger, high-grade, and more complex
tumors. [30]

Our study showed retroperitoneal approach for RAPN
suits for renal tumors of all different locations as accept-
able intra- and post-operative outcomes. However, it is
important to make a preoperative plan to choose appro-
priate approach concerning surgeon’s and assistant’s pro-
ficiency of certain surgical approach, patient’s obesity
level, surgical history, tumor size and location.
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This study still had limitations. Although this study was
the largest cohort study of patients that had undergone
tRAPN reported in literature, the major limitation was
its single-center retrospective design. The classification
of tumor location was unspecific. A more detailed clas-
sification is needed so that we could find out more accu-
rate indication of retroperitoneal approach of RAPN. A
multicenter randomized controlled trial is needed and
further long-term oncologic outcomes will be needed.

Conclusion

Retroperitoneal approach for RAPN has confirmed
acceptable intra- and postoperative outcomes and suits
for renal tumors of all different locations. Large tumor
size and obesity are not contraindications for rRAPN, and
surgeons could choose familiar and suitable approaches
that benefit the patients.
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