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Abstract 

Introduction:  Warm ischemia time (WIT) is a primary concern for robot-assisted laparoscopic partial nephrectomy 
(RALPN) patients because longer WIT is significantly associated with postoperative deteriorating kidney function. 
Tumor complexity, determined by the RENAL nephrometry score (RENAL score), can help predict surgical outcomes, 
but it is unclear what RENAL score and clinical factors affect WIT. This study explored the clinical factors predicting 
long WIT in experienced surgeon to RALPN.

Materials and methods:  In our institute, 174 RALPNs were performed between November 2013 and February 2021, 
of which 114 were performed by a single surgeon and included in this study. Clinical staging and the total RENAL 
score were determined based on preoperative CT scans. The cases were divided into three groups based on experi-
ence: period 1: 1–38, period 2: 39–76, and period 3: 77–114. The clinical factors associated with longer WIT were 
analyzed per period.

Results:  The overall median tumor diameter was 32 mm, and one patient had a positive surgical margin, but there 
were no cancer-related deaths. In total, there were 18 complications (15.8%). Periods 2 and 3 had larger tumor diam-
eters (p < 0.01) and worse preoperative kidney function (p = 0.029) than period 1. A RENAL L-component score of 3 
was associated with longer WIT in period 3 (odds ratio: 3.900; 95% confidence interval: 1.004–15.276; p = 0.044), but 
the tumor diameter and the total RENAL score were not.

Conclusions:  A large tumor in the central lesion indicated by the RENAL L-component score was associated with 
increased WIT in RALPN.
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Introduction
 After the introduction of the robotic platform for kidney 
surgery, robot-assisted laparoscopic partial nephrectomy 
(RALPN) for T1 renal cell carcinoma (RCC) became a 
standard procedure [1, 2]. There are obvious advantages 

to robotic surgery over pure laparoscopic nephrectomies, 
such as more precise resections and proper parenchyma 
suturing [3]. The robotic procedure also achieves good 
oncological outcomes, preserves more kidney function, 
and avoids complications [4].

A trifecta of RALPN was defined as warm ischemia 
time (WIT) ≤ 25 min, negative surgical margins, and no 
postoperative complications ≥ grade 2. This is a useful 
evaluation method for assuring good clinical outcomes 
in RALPN patients [5]. Of the three factors, WIT should 
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be the most concerning because positive surgical mar-
gins and severe complications are quite rare. Moreover, a 
longer WIT is a major factor associated with deteriorat-
ing kidney function [6] and potentially leading to worse 
survival rates due to chronic kidney disease and cardio-
vascular disease [7].

The RENAL nephrometry score (radius [tumor size], 
exophytic/endophytic properties, nearness of the tumor 
to the collecting system, anterior/posterior, location rel-
ative to the polar line; RENAL score) is used to predict 
surgical difficulty in RALPN and laparoscopic partial 
nephrectomy patients [8]. However, it remains unclear 
what RENAL score or other clinical factors affect WIT 
in RALPN [9, 10]. Since most previous studies assessed 
a predicting factor of WIT only depending on divid-
ing patients into groups by clinical factors and/or surgi-
cal techniques, a real factor could be covered up due to 
many confounders [11–13]. To minimize this influence, 
we assessed WIT by dividing patients into three chrono-
logical periods, which could reflect a learning curve [14], 
in the same surgical procedure by a single surgeon. This 
study aimed to delineate clinical factors predicting longer 
WIT during RALPN.

Materials and methods
Between November 2013 and February 2021, six sur-
geons performed 174 RALPNs for clinical T1 kidney 
tumors in our institute. Of these, 114 RALPNs were per-
formed by a single surgeon (T.H.) and were analyzed in 
this study. The clinical staging and the RENAL score were 
determined based on CT scans.

RALPN was performed using standard transperitoneal 
or retroperitoneal approaches depending on the patient’s 
history of trans-abdominal surgery, the tumor size, and 
the tumor location. We did not use a ureteral catheter 
[15]. Partial nephrectomy was performed by clamping the 
main trunk of a renal artery(s) with a bulldog clamp. In 
renal hilar tumors, a renal vein was also clamped. Tumors 
with a 5-mm surgical margin were resected under 15 mm 
Hg CO2 pressure, while the preparation, renal capsule, 
and tumor surface were exposed under 10 mm Hg CO2 
pressure. The inner medullary hemostatic sutures were 
performed by a running barbed suture, followed by early 
unclamping and additional hemostatic sutures. Both the 
inner- and outer-layer renorrhaphy were performed by 
2-0 STRATAFIXTM Spiral PDSTM Plus (Ethicon, USA) 
or 3-0 V-LocTM (Medtronic, Ireland), according to the 
tumor size and location. All specimens were removed 
using an ENDOPOUCHTM RETRIEVERTM Specimen 
bag (AutoSuture, UK) through a camera port. Intra- and 
postoperative complications were categorized based on 
the Satava [16] and the Clavien-Dindo [17] classification 
systems, respectively, into major or minor complications; 

major complications were defined as grade II or higher. 
To assess clinical risk factors for prolonged WIT, the 
patients were divided into three groups based on the 
number of RALPNs in chronological order (period 1: 
cases 1–38, period 2: cases 39–76, and period 3: cases 
77–114).

Ethics statement
All procedures were performed according to the ten-
ets of the 1964 Declaration of Helsinki. This study con-
sisted of a retrospective chart review. Informed consent 
was received for all the participating patients. Research 
involving human participants was supervised and 
approved by the Ethics Board of the Akita University 
Hospital.

Statistics analysis
All data were expressed as the median (range). The 
clinical risk factors associated with a longer WIT were 
screened by univariate analysis. The factors with a 
p-value of < 0.1 in the univariate analysis were confirmed 
by logistic regression analysis. All p-values were two-
sided, and p < 0.05 was considered statistically signifi-
cant. All statistical analyses were performed using SPSS 
version 26.0 statistical software (SPSS Japan Inc., Tokyo, 
Japan).

Data availability statement
The data presented in this study are available on request 
from the corresponding author.

Results
Tables  1 and 2 present the clinicopathological charac-
teristics of all enrolled patients. The tumor diameter 
increased with each period (median; 25.7 mm vs. 33.9 
mm vs. 38.9 mm, p < 0.01), but there was no difference 
in WIT (17.2 min vs. 18.4 min vs. 17.4 min, p = 0.666). 
This is perhaps because the indications for tumor diam-
eter and kidney function extended with increasing sur-
gical experience. In period 1, only one patient (2.6%) 
had a tumor stage higher than Ib, but the incidence rate 
increased in period 2 (8 patients, 21.1%) and period 3 (18 
patients, 47.4%) (p < 0.01 [chi-squared test]). There was 
no difference in the complication rate among periods (all 
periods: 6 incidences, 15.8%, p = 1.000). Risk factors for 
longer WIT were screened per period by dividing the 
groups by the median WIT (17.2 min; Supplementary 
Table 1). Logistic regression analysis confirmed that male 
patients (odds ratio [OR], 6.182; 95% confidence interval 
[CI], 1.101–34.700; p = 0.038) and a RENAL N-compo-
nent score of 3 (OR, 6.500; 95% CI, 1.127–34.484; p = 
0.036) were significantly associated with longer WIT 
in period 1 (Table  3). In period 2, tumors larger than 
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33 mm (OR, 6.500; 95% CI, 1.537–27.486; p = 0.011), 
a RENAL N-component score of 3 (OR, 5.000; 95% CI, 
1.096–22.820; p = 0.038), and a total RENAL score of 8 
or more (OR, 4.667; 95% CI, 1.187–18.352; p = 0.027) 
were significantly associated with longer WIT (Table 3). 
In period 3, a RENAL L-component score of 3 was signif-
icantly associated with longer WIT (OR, 3.900; 95% CI, 
1.004–15.276; p = 0.044; Table 3), but the tumor diam-
eter and the total RENAL score were not (Supplementary 
Table 1).

Discussion
As the surgeon gained RALPN experience, the proce-
dure was able to be used in more complex cases, such as 
patients with larger tumors and worse kidney function. 
However, the complication rate did not change through-
out the study period. In the introductory period, male 
sex and a high RENAL N-component score were associ-
ated with longer WIT. In the intermediate period, a large 
tumor and high N-component and total RENAL scores 
were associated with longer WIT, but in the late period, 
only a high RENAL L-component score was associated.

Over the past decade, robotics rapidly spread across all 
surgical fields, with tremendous innovation in urological 
surgeries [18]. Presently, robot techniques are routinely 
applied safely and effectively to urological operations. 
The success of RALPN may be primarily influenced by 
a surgeon’s experience and confidence. In this study, the 
indication for RALPN for RCC was influenced by tumor 

size during the early period [19]. However, as the sur-
geon’s experience with RALPN increased, the indication 
for RALPN expanded, eventually becoming the standard 
procedure for T1a and T1b RCC at our institution. Other 
studies have also reported similar data [20, 21]. In our 
early period, tumors < 4 cm in diameter were suitable for 
the robotic platform, but tumors > 4 cm in size were also 
treated with RALPN in the later periods. In period 3, 47% 
of tumors were stage cT1b (18/38; Table 1), and RALPN 
was performed by our institute’s most experienced sur-
geon. Furthermore, during the late period, patients with 
less kidney function, such as RCC in the solitary kidney, 
were also candidates for RALPN.

Objectively evaluating the difficulty of a partial 
nephrectomy has been attempted ever since the intro-
duction of the laparoscopic partial nephrectomy. The 
RENAL score is a well-validated method for this pur-
pose and is used to evaluate RALPN patients. However, 
these scores are primarily validated from laparoscopic 
partial nephrectomies and may be inadequate for 
assessing robotic procedure difficulties [10, 22]. Nev-
ertheless, each RENAL score component focused on 
representative points regarding the kidney tumor dis-
section. The N-component indicates the nearness of 
the tumor to the collecting system or sinus. For a less 
experienced surgeon, an open collecting system and a 
large vessel injury would be troublesome [23], poten-
tially resulting in longer WIT during the early experi-
ence period. The L-component indicates the tumor 

Table 1  Patient characteristics

IQR interquartile range; BMI body mass index; RENAL radius, exophytic/endophytic, nearness of tumor to collecting system, anterior/posterior, location relative to 
polar line; eGFR estimated glomerular filtration rate; POM postoperative month; T size of the primary tumor and whether it has invaded nearby tissue; TH high-volume 
surgeon in our hospital

All cases All cases by TH 1st period 2nd period 3rd period
N = 174 N = 114 N = 38 N = 38 N = 38

Age, years (median [IQR]) 64 (56–70) 64 (58–70) 62.4 (58–68) 65.5 (59–70) 64 (55–70)

Sex (%) Male 129 (74.1) 85 (74.6) 28 (73.7) 32 (84.2) 25 (65.8)

Female 45 (25.9) 29 (25.4) 10 (26.3) 6 (15.8) 13 (34.2)

BMI, kg/m2 (median [IQR]) 24.5 (22.5–26.7) 24.4 (22.0–26.6) 24.2 (21.5–25.5) 24.6 (22.5–27.4) 24.6 (21.1–26.7)

Laterality (%) Right 107 (61.5) 69 (60.5) 26 (68.4) 26 (68.4) 17 (44.7)

Left 67 (38.5) 45 (39.5) 12 (31.6) 12 (31.6) 21 (55.3)

Diameter, mm (median [IQR]) 29 (22–35) 32 (25–41) 26 (20–30) 33.5 (27–42) 39.5 (30–47)

RENAL nephrometry score (median [IQR]) 7 (5–8) 7 (5–8) 5 (4–7) 7 (6–8) 8 (7–9)

R (median [IQR]) 1 (1–1) 1 (1–1) 1 (1–1) 1 (1–1) 1 (1–2)

E (median [IQR]) 2 (1–2) 2 (1–2) 1 (1–2) 2 (1–2) 2 (1–2)

N (median [IQR]) 2 (1–3) 3 (1–3) 1 (1–3) 3 (2–3) 3 (3–3)

L (median [IQR]) 1 (1–3) 1 (1–3) 1 (1–2) 2 (1–3) 2 (1–3)

Preoperative eGFR, mL/min (median [IQR]) 67.6 (55.8–75.5) 69.4 (58.7– 76.4) 75.2 (65.2–78.0) 64.7 (55.7–75.0) 68.2 (54.1–75.8)

POM 1 eGFR, mL/min (median [IQR]) 63.4 (52.5–75.9) 63.9 (53.9–77.5) 67.9 (62.2–82.2) 64.9 (52.8–7.3) 55.4 (46.7–67.6)

Clinical T (%) 1a 147 (84.5) 87 (76.3) 37 (97.4) 30 (78.9) 20 (52.6)

1b 27 (15.5) 27 (23.7) 1 (2.6) 8 (21.1) 18 (47.4)
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location relative to the polar lines. A high L-component 
score included hilar tumors in patients with a large 
tumor. In our late period, most cases were considered 
highly complex tumors because of their large diameter 
(median, 39.5 mm), high N factor (median 3 [interquar-
tile range 3-3]), and high total RENAL score (median, 

8). In these complicated cases, a central tumor lesion 
affected WIT because a major parenchymal defect 
across a central kidney lesion is difficult to cope with. 
To suture between surgical margins, a deep suture is 
needed to avoid parenchymal fracture and postop-
erative hemorrhage. However, this suture potentially 

Table 2  Surgical outcomes of robot-assisted partial nephrectomy

HT high-volume surgeon in our hospital; eGFR estimated glomerular filtration rate; AML angiomyolipoma; MTSCC mucinous tubular and spindle cell carcinoma; T size 
of the primary tumor and whether it has invaded nearby tissue

All cases All cases by HT 1st period 2nd period 3rd period
Median (range) N = 174 N = 114 N = 38 N = 38 N = 38

Approach (%) Transperitoneal 114 (65.5) 69 (60.5) 31 (81.6) 27 (71.1) 11 (28.9)

Retroperitoneal 60 (34.5) 45 (39.5) 7 (18.4) 11 (28.9) 27 (71.1)

Operative time (min) 221 (140–399) 223 (140–353) 197.5 (140–353) 231 (153–290) 239.5 (174–328)

Operator 6 1 1 1 1

Console time (min) All cases 143 (42–277) 138.5 (42–277) 140.5 (64–203) 142 (74–200) 136.5 (42–277)

Transperitoneal 157 (42–262)

Retroperitoneal 113 (58–277)

Estimated blood loss (mL) 42 (0–1805) 60 (0–1805) 63 (0–1805) 50.5 (0–1184) 74.5 (0–736)

Warm ischemia time (min) 17.3 (9.2–56) 17.2 (9.2–56.0) 17.4 (9.3–34.0) 16.9 (10.1–56.0) 17.3 (10.9–29.2)

Intra-operative complication (%) Satava ≥ 2 3 (1.7) 1 (0.9) 1 (2.6) 0 (0) 0 (0)

Postoperative complication (%) Clavien-Dindo ≥ 2 27 (15.5) 17 (14.9) 5 (13.2) 6 (15.8) 6 (15.8)

Positive surgical margin (%) 1 (0.6) 1 (0.9) 1 (2.6) 0 (0) 0 (0)

eGFR at 1 month after operation (%) ≥ 90% 121 (69.5) 73 (64.0) 29 (76.3) 28 (73.7) 16 (42.1)

Trifecta accomplishment (%) 151 (86.8) 100 (87.7) 33 (86.8) 32 (84.2) 35 (92.1)

Histology (%) Clear 128 (73.6) 84 (73.7) 27 (71.1) 33 (86.8) 24 (63.2)

Papillary 22 (12.6) 14 (12.3) 4 (10.5) 3 (7.9) 7 (18.4)

Chromophobe 9 (5.2) 7 (6.1) 2 (5.3) 2 (5.3) 3 (7.9)

AML 7 (4.0) 5 (4.4) 3 (7.9) 0 (0) 2 (5.3)

Oncocytoma 3 (1.7) 3 (2.6) 2 (5.3) 0 (0) 1 (2.6)

Xp11.2 1 (0.6) 1 (0.9) 0 (0) 0 (0) 1 (2.6)

MTSCC 1 (0.6) 0 (0) 0 (0) 0 (0) 0 (0)

Pathological T (%) 1a 145 (83.3) 90 (78.9) 31 (81.6) 33 (86.8) 26 (68.4)

1b 15 (8.6) 14 (12.3) 1 (2.6) 5 (13.2) 8 (21.1)

3a 2 (1.1) 2 (1.8) 1 (2.6) 0 (0) 1 (2.6)

Table 3  Risk factors longer WIT in each period

WIT warm ischemia time; OR odds ratio; CI confidence interval; N nearness of the tumor to the collecting system or sinus; L location relative to the polar lines

Risk category OR 95% CI p

Lower limit Upper limit

1st period Gender Male 6.182 1.101 34.700 0.038

N 3 6.500 1.127 34.484 0.036

2nd period Tumor diameter (mm) 33 ≤ 6.500 1.537 27.486 0.011

N 3 5.000 1.096 22.820 0.038

Total score 8 ≤ 4.667 1.187 18.352 0.027

3rd period L 3 3.900 1.004 15.276 0.044

Total score 9 ≤ 2.444 0.654 9.130 0.184
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causes injury to major vessels and the collecting sys-
tem [24]. Thus, careful suturing is required, resulting in 
longer WIT [25, 26].

Dissection and suturing skills evolve with increas-
ing experience, and obtaining skills other than laparo-
scopic partial nephrectomy is a relatively rapid process. 
Zeuschner et  al. reviewed RALPN outcomes and sug-
gested that 35 cases were the minimum required num-
ber to acquire adequate RALPN skills [27]. The 
complication rate did not change throughout our study, 
which could be explained by the fact that the cases 
were carefully selected to match the surgeon’s skill 
during each period. In addition, the early unclamp-
ing technique may contribute to our stable WIT result 
[26]. Early unclamping allowed us for only focusing on 
the precise dissection of the tumor because this tech-
nique can provide information regarding arterial bleed-
ing from the resected bed before renorrhaphy. Early 
unclamping significantly reduces the risk of asympto-
matic unruptured pseudoaneurysm [27].

A pseudoaneurysm was the main complication in 
this study. As RALPN use increased, fewer pseudoa-
neurysm cases after laparoscopic partial nephrectomy 
were expected [28]. However, pseudoaneurysms remain 
at a low but constant rate in the robotic era [29]. In 
this study, all pseudoaneurysm cases were successfully 
managed by arterial embolization. Based on these find-
ings derived and our study’s complication rate, we con-
clude that RALPN is a safe procedure.

Our study had several limitations. First, this was a 
retrospective review of data from patients treated at a 
single institution, and multi-center, prospective stud-
ies are still needed. Second, WIT risk evaluation was 
only investigated by RENAL score-related factors and 
clinical factors and did not include C-index or PADUA 
score. Third, long-term follow-up of kidney func-
tion was lacking. Almost all of our WIT was less than 
25 min, and it is uncertain if such a short WIT affects 
kidney function. Although this is not the first study on 
this topic, to our knowledge, ours is the first to assess 
WIT risk factors in complex patients. Furthermore, a 
single surgeon performed surgery on a sufficient num-
ber of patients, emphasizing the relevance of our study 
results.

Conclusions
RALPN is an effective and safe treatment that combines 
the advantages of a robotic platform with the standard 
oncological surgical strategies. A large tumor in the cen-
tral lesion of a kidney may result in longer WIT, even 
when the procedure is performed by an experienced 
surgeon.
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