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Is Robotic-assisted Partial Nephrectomy an Efficacious and Safe Procedure for 
Removal of Stage T1 Renal Tumors?

Abstract 
Background Robotic surgery has now evolved as an emerging tool for better and easy 
operative techniques. The quest for trifecta comprising warm ischemia time less than 25 
minutes, negative surgical margins and no perioperative complications seems to be better 
accomplished by robotic partial nephrectomy, which is likely to become the new standard for 
minimally invasive partial nephrectomy. 
Materials & Methods It is a prospective observational study over 18 months in patients 
aged more > 18 years with a renal tumour of clinical stage T1 coming for robotic partial 
nephrectomy. A total of 40 patients were included in the study who underwent robotic-assisted 
partial nephrectomy for renal tumours less than 7 cm in size. The duration of the study was 
from July- 2018 to December-2019 and their follow up period was 3 months post-surgery.
Results Of the 40 patients, the mean age was 52.3 ± 11.91 years. 28 (70%) patients were 
males and remaining 12 (30%) were females. 11 (27.5%) tumours were situated in the anterior 
upper pole, 9 (22.5%) in the anterior lower pole, 8 (20%) in the posterior upper pole, 7 (17.5%) 
in the posterior lower pole and interpolar tumours were 5 in number (12.5%). 24 (60%) 
tumors were ≥ 50% exophytic, 11 (27.5%) were < 50% exophytic and 5 (12.5%) were purely 
endophytic in nature. Maximum nephrometry score was 5a amounting to 10 (25%) patients 
and 5p tumours were the second most common amounting to 7 (17.5%) patients. The mean 
console time was noted to be 84.40± 12.05 mins. The mean total operative time was noted 
to be 167.00 ± 21.116 minutes. Mean Warm Ischemia Time (WIT) was recorded to be 27.28 ± 
5.923 minutes. The mean blood loss was 145.75±61.075 ml. The mean length of hospital stay 
was 4.27 ± 0.78 days. None of the cases was converted to open partial/radical nephrectomy 
and none had positive surgical margins in the histopathology reports.
Conclusion Our study shows that Robotic Assisted Partial Nephrectomy (RAPN) is an 
efficacious and safe surgery in stage T1 renal tumours (tumour size <7 cm) to achieve 
complete oncological clearance by minimal access technique.
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Introduction

Detection of clinical stage T1 (≤ 7.0 cm) renal masses has 
increased in frequency and is now a common clinical scenario 
for the practising urologist. As such most current renal tumours 
are incidentally detected, asymptomatic and quite amendable to 
nephron-sparing surgery [1].
 “The European Organization for Research and Treatment 
of Cancer” provided the first Level I evidence that long-term 
oncologic outcomes between partial nephrectomy and radical 
nephrectomy were equivalent, allowing partial nephrectomy to 
become a standard of care for small renal masses [2]. Although 
open partial nephrectomy is an efficacious procedure, a minimally 
invasive approach might be more attractive to patients [3].
  Robotic surgery has now evolved as  an emerging tool for better 
and easy operative techniques. Though robotic has high costing 
value, their outcome has superseded cost analysis and is being 
widely used for its outcome, thus the limitation of laparoscopy has 
been overcome by a robot. As the technique of RAPN (robotic-
assisted partial nephrectomy) continues to develop and mature, 
intraoperative & perioperative outcomes continue to be reported 
[4].
  The introduction of robotics added a new dimension to minimally 
invasive surgery with three-dimensional (3D) visual capabilities 
and advanced instrumentation having freedom of movement 
similar to that of the human wrist [5]. Recently there have 
been several reports indicating that robotic surgery facilitates 
the resection of the tumour and intracorporeal suturing thus 
decreasing the warm ischemia time [6-8]. With the availability of 
robots, even large size tumours have been operated on to preserve 
the nephrons and with good postoperative outcomes.
  The quest for trifecta comprising warm ischemia time less 
than 25 minutes, negative surgical margins and no perioperative 
complications seems to be better accomplished by robotic partial 
nephrectomy, which is likely to become the new standard for 
minimally invasive partial nephrectomy [9]. Compared to open 
partial nephrectomy (OPN), RAPN had lower odds than LPN for 
most studied outcomes except hospital charges. RAPN has now 
supplanted LPN as the most common minimally invasive approach 
for partial nephrectomy[10].

  In our centre, where we have a high volume of cases, we have 
started doing renal tumours of size up to 7 cm with robotic partial 
nephrectomy. This study aims to see the outcome of robotic partial 
nephrectomy for renal tumours of size up to 7 cm.

Objectives 

To assess efficacy and safety of Robotic partial nephrectomy for 
renal tumour clinical stage T1 in terms of warm ischemia time 
(WIT), estimated blood loss (EBL), total operative time (TOT), 
console time (CT), positive surgical margins (PSM), perioperative 
complications and length of hospital stay (LOH).

Patients and methods 

It is a prospective observational study over 18 months in patients 
aged more > 18 years with a renal tumour of clinical stage T1 
coming for robotic partial nephrectomy.
  The sample size was calculated at a 95% confidence level 
assuming a standard deviation of 8.9 minutes in warm ischemia 
time as a result of a reference study of Ener et al [11].
  Inclusion criteria were all patients of age more than 18 years with 
renal tumours equal to or less than 7 cm undergoing robotic partial 
nephrectomy and willing to participate in the study and giving 
consent. Exclusion criteria were Patients with Renal tumours > 7 
cm and Patients refusing to give consent. This study was carried 
out only after the clearance from the Ethics Committee. All 
eligible patients fulfilling inclusion criteria were approached by 
the investigator himself  and explained the nature and purpose 
of the study. After obtaining their informed consent, detailed 
history regarding socio-demographic characteristics, symptoms 
and clinical profile was taken and a thorough general and systemic 
examination were done. Routine and specific investigations 
required for preoperative evaluation was done in the identified lab 
and by designated experts. If amenable to partial nephrectomy, 
patients were offered RAPN with the Da Vinci Si HD surgical 
system (Figure 1 and 2). Port placement and docking of robotic 
is done as shown in figure 3 and 4. Intra-operative details such 
as total operative time, warm ischemia time, blood loss, and 
complications and post-operative data such as blood transfusions 
and length of hospital stay recorded by the investigator himself 

 Figure 1. Our da Vinci Si HD Robot.  Figure 2. Operating surgeon console of   the da Vinci Robot.
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and surgical specimen taken and sent in the designated laboratory 
to designated experts. The surgical pathology reports and the 
margin clearance were collected prospectively. Data thus collected 
recorded on pre-designed semi-structured study proforma. 
  Patients who had grade < 2 Clavien Dindo complications, 
negative surgical margins, and warm ischemia time [WIT] ≤25 
minutes were accepted to fit the strict Trifecta outcomes. 

Statistical analysis

Linear variables were described as mean and standard deviation 
and analysed by using unpaired t-test and one-way Anova test. 
Nominal/categorical variables expressed as proportions (%) and 
analysed by using Chi-square test / Fisher exact test. Ordinal 
variables are summarized as median and range. P-value < 0.05 
taken as significant. Medcalc 16.4 version software is used for all 
statistical calculations.

Results 

A total of 40 patients were included in the study who underwent 
robotic-assisted partial nephrectomy for renal tumours less than 
7 cm in size. The duration of the study was from July- 2018 to 
December-2019 and their follow up period was 3 months post-
surgery. The following data was studied in the period (Table 1-5).  
Age distribution: The age of the patients ranged from a minimum 
of 26 years to a maximum of 77 years with a mean age  of 52.3 ± 
11.91 years. 15 (37.5%) patients of age group 41-50 years underwent 
surgery. 10 (25%) patients were in the age group of 51-60 years and 
>60 years each. 5 (12.5%) were in the age group of up to 40 years.
Genderwise distribution: Out of the 40 patients, 28 (70%) patients 
were males. The remaining 12 (30%) patients were females.
  Clinical presentation: Out of a total number of 40 patients, 6 
patients (15%) were presented with pain, 3 patients (7.5%) were 
presented with hematuria, 7 patients (17.5%) presented with lower 
urinary tract symptoms, 21 patients incidentally presented and 
3 patients presented with other symptoms (fatigue, urinary tract 
infection).
  Co-morbid conditions: Out of the 40 patients in the studied 
period, 13 (32.5%) were diabetic. 22 (45%) were hypertensive. 5 

(12.5%) had Coronary Artery Disease. 8 (20%) patients had other 
comorbid conditions like hypothyroidism, Bronchial Asthma & 
COPD.
  Size of tumour: Mean tumour size was 4.70 ± 0.847 cm with max 
tumour size being 6.7cm & min of 2.8cm.
  Side of tumour: The distribution of the side of tumours was fairly 
well distributed with 22 (55%) tumours being right-sided & the 
remaining 18 (45%) being left-sided.
  Tumour location: 11 (27.5%) tumours were situated in the anterior 
upper pole. 9 (22.5%) tumours were located in the anterior lower 
pole, 8 (20%) were in the posterior upper pole, 7 (17.5%) were in 
the posterior lower pole. Interpolar tumours were 5 in number 
(12.5%).
  Phyticity: 24 (60%) tumors were ≥ 50% exophytic, 11 (27.5%) 
tumors were < 50% exophytic. 5 (12.5%) tumors were purely 
endophytic in nature.
  Renal nephrometry score: Maximum number of tumours being 
5a amounting to 10 (25%). 5p tumours were the second  most 
common amounting to 7 (17.5%). 
  24 patients (60%) had low renal scores, 14 patients (35%) had a 
moderate renal score and the remaining 2 patients (5%) had high 
renal scores.
  Renal vasculature on affected side: All the cases that underwent 
the surgery had a preoperative contrast-enhanced CT Scan with 
3D vascular reconstruction done. It was noted 33 (82.5%) out of the 
40 tumours had a single  renal artery, whereas the other 7 (17.5%) 
had two or more arteries supplying the affected kidney (Figure 5).
Console time (ct): The mean console time was noted to be 84.40± 
12.05 mins. The minimum console time was 65 minutes & the 
maximum was 110 minutes.
  Total operative time: The mean total operative time was noted to 
be 167.00 ± 21.116 minutes. The minimum time was 130 minutes 
& the maximum was 240 minutes.
  Warm ischemia time: Mean Warm Ischemia Time (WIT) was 
recorded to be 29.28 ± 5.923 minutes. Minimum WIT was 25 
minutes & maximum time was 40 minutes.
  Hilar clamping: Hilar clamping was done for all the cases. Only 
the artery was clamped in 32 cases (80%). Both vein & artery were 
clamped in the remaining 8 (20%) cases.
  Estimated blood loss: The mean blood loss was 145.75±61.075 ml. 

Figure 3. Normal placement of the laparoscopic assistant and Robotic ports for right RAPN.
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Minimum blood loss was 75 ml and maximum blood loss was 460 
ml. An overwhelming 32 (80%) cases had blood loss in the range 
of 100-200 ml. 5 cases (12.5%) had blood loss greater than 200 ml. 
3 (7.5%) cases had blood loss <100 ml.
  Opening of the pelvicalyceal system: Pelvicalyceal system 
opening was considered an intra-operative event. 12 (30%) of the 
cases had an opening of the Pelvicalyceal system, all of which 
were repaired with vicryl 3-0. In the remaining 28 (70%) cases 

Pelvicalyceal system was intact.
  Placement of DJ stent: DJ Stent was placed in 17 (42.5%) cases 
and 23 (57.5%) cases were without DJ stents. Most DJ stents were 
placed antegrade over a hydrophilic guidewire.
  Blood transfusion: Only 1 (2.5%) patients had required blood 
transfusion. The remaining 39 (97.5%) patients did not require a 
blood transfusion.
  Haemoglobin: Preoperative HB and immediate postoperative 

Figure 4. Post docking of Robot with the instruments in position.

Figure 5. CT Renal angiogram showing dual arteries supply to right kidney and three artery supply to left kidney. The mass lesion is supplied 
from superior segmental branch of left renal artery.
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HB, Preoperative HB and postoperative 3 months HB are 
positively correlated and there was a significant difference between 
Preoperative HB and postoperative  HB (t=9.296), Preoperative 
HB and postoperative 3 months HB (t=5.290). So, in 95% CI, 
preoperative HB is better than postoperative HB  and 3 months 
postoperative HB. But 3 months postoperative HB is better than 
postoperative HB (t= -2.275)
  Serum creatinine: 36 (90%) patients had normal serum creatinine 
values at the time of diagnosis. 4 (10%) patients were found to 
be azotemic. All the patients had azotemia secondary to medical 
renal disease with no evidence of obstructive uropathy. All of the 
azotemic patients had stable chronic kidney disease, with none of 
the patients being on dialysis. The creatinine values of the patients 
who had elevated pre-operative creatinine ranged from 1.3 mg/dl 

to 3.79 mg/dl.
  Preoperative serum creatinine level is lower than postoperative 
immediate level (t: -6.231) & 3 months level (t: -6.302), but the 
immediate postoperative and 3 months serum creatinine levels 
were almost the same (t: 0.00).
  Length of hospital stay: The mean length of hospital stay was 
4.27 ± 0.78 days. The minimum stay recorded was 3 days & the 
maximum stay was 7 days.
  Postoperative infection: 1 patient (2.5%) developed fever due to 
wound infection which was managed by intravenous  antibiotics 
and conservative management. 39 (97.5%) patients had no 
infection.
  Histology of resected mass: 27 (67.5%) tumours had 
histopathology report as clear cell carcinoma. Next common 

Table 1. Demographic and peri-operative data in percentage.

       Items Frequency (n=40 ) Percententage

Age Distribution (years)

Upto 40 5 12.5%

41-50 15 37.5%

51-60 10 25.0%

61 years and above 10 25.0%

Gender-wise Distribution
Male 28 70.0%

                   Female 12 30.0%

Clinical Presentation

Pain 6 15.0%

Haematuria 3 7.5%

LUTS 7 17.5%

Other 3 7.5%

Incidental 21 52.5%

Co-morbid Conditions

Diabetes 13 32.5%

Hypertensive 22 45.0%

Coronary artery 
disease 5 12.5%

Others 8 20.0%

 Side of Tumor
Right 22 55.0%

Left 18 45.0%

Tumor Location

Anterior upper pole 11 27.5%

Anterior lower pole 9 22.5%

Posterior upper 
pole 8 20.0%

Posterior lower 
pole 7 17.5%

Interpolar 5 12.5%

Phyticity

≥50% Exophytic 24 60.0%

<50% Exophytic 11 27.5%

100% endophytic 5 12.5%
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was papillary cell carcinoma 6 (15%), 3 (7.5%) tumours as 
chromophobe cell carcinoma 2 (5.0%) as oncocytoma and 2 (5.0%) 
as other histology as angiomyolipoma and adenoma.
  Warm ischemia time with a renal score: Out of the total of 40 
patients, 24 patients had a low renal score. Mean warm ischemia 
time for low renal score patient was 23.75 ± 4.4 minutes, whereas 
moderate renal score patients (14 in number) had to mean warm 
ischemia time of 31.64 ± 2.3 minutes and high renal score patients 
(2 in number) had a mean warm ischemia time of 39.00 ± 1.4 
minutes with highly significant p-value (0.000) suggesting strong 
positive correlation in between RENAL score and warm ischemia 
time.
  None of the cases was converted to open partial/radical 
nephrectomy.
  None of the cases had positive surgical margins in the 
histopathology reports.

  There were no reported cases of major vessel injury during any of 
the surgeries performed.
  No secondary haemorrhage was noted in any of the cases that 
were performed in the study period.
  No urinary leak was noted in postoperative cases in all patients.
There were no reported incidents of the technical fault with the 
robot in any of the cases.
  Clavien Dindo grade of complications: 1 (2.5%) patients had 
Grade 1 complications in the form of mild fever in the post-
operative period due to wound infection, whereas the remaining 39 
(97.5%) patients had no complications in the postoperative period 
according to clavien Dindo grade.
  32 (80%) patients had strict Trifecta outcomes. Because all 
patients had negative surgical margins, Trifecta outcomes were 
based on WIT and complications. One patient (2.5%) had grade 
1 Clavien-Dindo complications, 8 (20%) had WIT longer than 25 

Table 1. Demographic and peri-operative data in percentage (continued).

Items Frequency (n=40 ) Percententage

Renal nephrometry score-range

Low renal  score (4-6) 24  60%

Moderate renal   score (7-9) 14  35%

 High renal score (10-12) 2  5%

Renal vasculature on affected side
Single artery 33 82.5

Two or more  arteries 7 17.5

Hilar clamping
Only artery 32 80.0

Both vein & artery 8 20.0

Opening of pelvicalyceal system
  No 28 70.0

  Yes 12 30.0

Placement of DJ stent
No 23 57.5

Yes 17 42.5

Blood transfusion
 No 39 97.5

Yes 1 2.5

Pre-operative serum creatinine
   Normal 36          90%

Azotemic         4         10%

Post-operative infection
No 39 97.5

Yes 1 2.5

Histopathology of re-
sected mass

Clear cell carcinoma  27 67.5

Papillary carcinoma  6 15.0

Chromophobe carci-
noma 3  7.5

Oncocytoma  2  5.0

Others  2  5.0
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minutes (Table 6). 

Discussion

The incidental finding of renal tumours smaller than 7 cm has 
resulted from the frequent application of imaging in the study of 

non-specific abdominal symptoms. This change has resulted in 
a migration of the diagnosis to renal tumours of smaller size and 
better nuclear differentiation, subject to conservative renal surgery 
[12, 13].
  Laparoscopic partial nephrectomy is gaining acceptance as an 
alternative to open surgery for small renal tumours, although 

Table 2. Demographic and peri-operative data in SD.

Items Number(n) Minimum Maxi-mum Mean Standard. Detion

Age (years) 40      26    77 52.30 ±11.91

Size (cm)      40  2.8 6.7 4.70 ±0.847

Console time (min)      40 65  110 84.40   ±12.049

Total operative time (min)   40 130 240  167.00     ± 21.116

Warm ischaemia time (min)   40 25 40 29.28  ±5.923

Estimated blood loss (ml)   40 75 460       145.75    ±61.075

Length of hospital stay (days) 40 3 7     4.27  ±0.784

Table 3. Renal Nephrometry Score.

Renal nephrometry  score Frequency(n=40) Percentage (%)

4a 2 5.0

4p 2 5.0

5a 10 25.0

5p 7 17.5

6a 2 5.0

6p 1 2.5

7a 2 5.0

7p 1 2.5

7x 2 5.0

8a 2 5.0

8p 1 2.5

9a 1 2.5

9p 2 5.0

9x 3 7.5

10a 1 2.5

10p 1 2.5

Total 40 100.0
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the technical difficulty of intracorporeal suturing and concerns 
over warm ischemia time are limitations. The technical difficulty 
associated with laparoscopic intracorporeal suturing and 
pressure to minimize warm ischemia time render this procedure 
within the range of experience of a few laparoscopically adept 
surgeons. The advent of the da Vinci robot, with multi-jointed 
endo-wristed instruments and stereoscopic vision, decreases the 
technical difficulty of intracorporeal suturing and improves the 
reconstructive steps [14].
  The age of the patients ranged from a minimum of 26 years to 
a maximum of 77 years with a mean age of 52.3 ± 11.9 years. In 
Castillo et al [15] studies, the mean age was 55.8 years (range 26- 
77), the age range is similar but the median age was 3.5 years more 
than our study. In Rogers et al [16] study, the mean patient age was 
60 (range 25-83) which is higher than our study.
  Out of the 40 patients, 28 (70%) patients were males. The 
remaining 12 (30%) patients were females. Renal cell carcinoma 
(RCC) is more common in men than women. The study conducted 
by Masson-Lecomte et al [17] included 220 patients out of which 
142 (64%) were male and 78 (36%) were women. In the Woldrich 
et al [18] study out of 236,930 patients, 147687 (62.3%) were male 
and 89, 243 (37.7%) were female.
  Out of the total number of the 40 patients, 13 (32.5%) were 
diabetic. 22 (45%) were hypertensive. 5 (12.5%) had Coronary 
Artery Disease and 8 (20%) patients had other comorbidities like 
COPD and hypothyroidism. In the retrospective International 
Cancer Study, a 5- to 10-year history of diabetes, increased the 

relative risk of cancer by 40% in both men and women [19]. A 
study conducted by Chow et al [20] stated hypertension has a 
positive association with renal cell carcinoma and control of 
hypertension might reduce RCC risk effect independent of body 
weight. In our study, 45% of patients were hypertensive which is 
closer to the study conducted by  Choi et al [21].
  Out of the total number of 40 patients, 6 patients (15%) were 
presented with pain, 3 patients (7.5%) were presented with 
hematuria, 7 patients (17.5%) presented with lower urinary tract 
symptoms, 21 patients (52.5%) were incidentally presented and 
3 patients presented with other symptoms (fatigue, urinary tract 
infection). Similar to a study conducted by Escudier et al [22], 
>50% of RCCs were detected incidentally, making the classical 
triad of flank pain, gross hematuria and palpable abdominal  mass 
less frequent than in the past. 
  In our study, the mean size of the tumour was 4.70 ± 0.847 cm 
with the maximum size of the tumour being 6.7 cm & a minimum 
of 2.8 cm. In Gettman et al6 study, the mean tumour size was 3.5 
cm and the tumour ranged from 2.0-6.0 cm, in Castillo et al15 
study, the mean tumour size was 3.25 cm and the tumour ranged 
from 1.0-5.3 cm, which was lesser to our study. 
  In our study, the distribution of the side of the tumour was fairly 
well distributed with 22 (55%) tumours being right-sided & the 
remaining 18 (45%) being left-sided, which is similar to Rogers 
et al16 study in which out of total 157 tumours, 89 (54%) tumours 
were situated in the right side and 68 (45%) tumours were in the 
left side. In our study, 11 (27.5%) tumours were situated in the 

Table 5. Preoperative and postoperative values of creatinine.

Items Mean N Std. Deviation t-value p value

PRE OP Sr.CR (mg/dl)

POST OP Sr. CR (mg/dl)

1.0093 40 0.49583
6.231 0.000

1.1975 40 0.48277

PRE OP Sr.CR (mg/dl)

Post Op 3 Months Sr.Cr (mg/dl)

1.0093 40 0.49583
6.302 0.000

1.1975 40 0.44115

POST OP Sr. CR (mg/dl)

Post Op 3 Months Sr.Cr  (mg/dl)

1.1975 40 0.48277
0.000 1.000

1.1975 40 0.44115

Table 4. Preoperative and postoperative values of haemoglobin.

Items Mean N Std. Deviation t-value p value

PRE OP HB gm  POST OP 
HB gm

13.257 40 0.8837
9.296 0.000

12.5550 40 1.05319

PRE OP HB gm  POST OP 3

months HB gm

13.257 40 0.8837
5.290 0.000

12.7750 40 1.08054

POST OP HB gm  POST OP 3

months HB gm

12.5550 40 1.05319
2.275 0.028

12.7750 40 1.08054
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anterior upper pole. 9 (22.5%) tumours were located in the anterior 
lower pole, 8 (20.0%) were in the posterior upper pole, 7 (17.5%) 
were in the posterior lower pole and 5 (12.5%) tumours were 
interpolar tumours. The majority of the tumours were situated in 
the anterior plane, which was similar to the Pierorazio study [23].
  In our study, 24 (60%) tumors were ≥ 50% exophytic, 11 (27.5%) 
tumors were <50% exophytic and 5 (12.5%) tumors were purely 
endophytic in nature. Similar to our study was the study conducted 
by Png et al, [24] where the majority of the cases 59% tumours 
were ≥ 50% exophytic, 37.4% were < 50% exophytic and 3.6% 
were purely endophytic.
  Tumours with a 5a score were the most common amounting to 
10 (25%). 5p tumours were the second most common amounting 
to 7 (17.5%). 24 patients (60%) had low RENAL score (4 - 6), 14 
patients (35%) had moderate RENAL score (7-9) and remaining 2 
patients (5%) had high RENAL score (10-12). Whereas in the study 
conducted by Gupta et al [25], 5.3% of tumours had a low RENAL 
score, 63.1% had a moderate RENAL score and the remaining 
31.6% had a high RENAL score. The RENAL nephrometry 
scoring system represents the first method introduced to attempt to 
standardize the reporting of salient anatomy of an enhancing renal 
mass as well as provide a platform to objectify treatment decision 
making, minimizing the individual subjectivity and judgement 
[26].
  All the cases that underwent surgery preoperatively had contrast-
enhanced CT scan (CECT) with 3-D vascular reconstruction done. 
Out of 40 tumours, 33 (82.5%) had a single renal artery, whereas 
the other 7 (17.5%) had two or more arteries supplying the affected 
kidney. Hilar clamping was done for all the cases. Only the artery 
was clamped in 32 cases (80%). Both vein & artery were clamped 
in the remaining 8 (20%) cases. Hilar clamping was done with 
robotic bulldog clamps. In cases with multiple arteries, all the 
arteries were clamped.

  In our study, the mean console time was 84.40± 12.05 mins. 
The minimum console time was 65 minutes & the maximum 
was 110 minutes. In the study conducted by Benway et al [27] 
and Kallingal et al [28] mean console time was 141.5 and 101.3, 
with the time range being 45-253 minutes and 44-176 minutes 
respectively, which was much higher than our study. 
  In our study, the mean total operative time was noted to be 167.00 
± 21.116 minutes. The minimum time was 130 minutes & the 
maximum was 240 minutes. This was much lesser than the study 
conducted by Gettman et al [6] and Benway et al [27] in which the 
mean total operative time was 215 and 210 with a time range of 
130-262 and 86-370 minutes respectively.
  In our study, mean warm ischemia time was recorded to be 
27.28 ± 5.923 minutes. The minimum warm ischemia time was 
25 minutes and the maximum time was 40 minutes. There is 
ample evidence, consistent across multiple human kidney models, 
supporting the potentially deleterious renal effects of warm 
ischemia during partial nephrectomy. There is no known safe 
threshold of warm ischemia time since each minute sequentially 
contributes to the risk of developing acute kidney injury and 
renal function decline. Ultimate renal function following partial 
nephrectomy is dependent on "3 Qs". Quality (renal function 
before surgery), quantity (renal parenchyma preserved during 
surgery), and quickness (ischemia time) [29]. Mean warm ischemia 
time was recorded 27.8 minutes (12-60 min) in Rogers et al16 
study which was similar to our study. Studies conducted by Rogers 
et al [30] reported a mean warm ischemia time of 31 minutes with 
a range being 24-45 minutes which was slightly higher than our 
study.
  In our study, 32 (80%) cases had blood loss in the range of 100-
200 ml. 5 cases (12.5%) had blood loss greater than 200 ml. 3 
(7.5%) cases had blood loss <100 ml. The mean blood loss was 
145.75±61.075 ml, minimum blood loss was 75 ml and maximum 

Table 6. Outcome in robotic NSS, as evaluated by Trifecta of NSS.

Warm ischaemia time Complications (Clavien-Dindo) Surgical Margins (Positive)

≤ 25 min 32 (80%) < Grade 2 1 Nil

 > 25min 8(20%)  ≥ Grade 2 Nil Nil

Table 7. Comparison of  intra-operative outcomes in the complexity groups of the different scoring groups.

Variables Low (4-6) Middle (7-9) High (10-12)

Renal  score 24(60%) 14 (27.5%) 2(5%)

DAP score 8(20%) 22(55%) 10(25%)

WIT (min)    26.38      30.25      33.12  

Total operative time (min) 140.5 171.66 193.2

Estimated blood loss (ml) 180 250 330

Complications (Clavien-Dindo)     Nil                         Nil                         1

Surgical Margins (Positive) Nil Nil  Nil
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blood loss was 460 ml. This was much lesser than the study 
conducted by Castillo et al [15], where the mean estimated blood 
loss was 440 ml with the range being 20-2000 ml. In the studies 
conducted by Rogers et al [16], Gettman et al [6], kaouk et al [31] 
also reported higher mean estimated blood loss which was 183 
ml,170 ml and 260 ml with the range being 15- 1000 ml, 50-300ml, 
and 100-300 ml respectively. 
  Opening of PC system was considered an intraoperative event. 
In our study, 12 (30%) of the cases had an opening of PCS, all of 
which were repaired with vicryl 3-0. In the remaining 28 (70%) 
cases PCS was intact. All the cases with PC system opening and 
deeply placed tumours had DJ stent placed. Double J stent (DJ 
stent) was placed in 17 (42.5%) cases and 23 (57.5%) cases were 
without DJ stents. In Benway et al [27] study PC system opening 
was done in 52.1% of cases and in Mottrie et al [32] study PC 
system was done in 53% of cases which was higher than our study.
  In our study, none of the cases was converted to open partial/
radical nephrectomy. A similar finding was reported in a study 
conducted by Kallingal et al [28] and Castillo et al15 where no 
conversion was reported. The conversion was reported in 2% cases 
in Wang et al [33] study and 1% cases in Benway et al [27] study.
  In our study, there were no reported cases of major vessels injury 
during surgery. The study conducted by Rogers et al16, reported 
injury to a major vessel in 1 case (0.67%) resultant bleeding which 
required drainage and 1 case in a study conducted by Vitorri 
[34] and Wang et al [3]. In our study, no visceral injury was 
noted in any case. Bowel injury during RAPN can be a serious 
complication, particularly if unrecognized. The degree of bowel 
injury varies from superficial abrasion to small enterotomies to 
frank perforation. For extensive injuries and contamination, bowel 
diversion may be necessary [35].
  In our study, none of the cases was reported with a technical fault 
with the robot. In the study conducted by Aron et al [36] technical 
faults were reported in form of robotic camera malfunction which 
requires conversion to traditional laparoscopy.
  In our study, none of the patients was anaemic preoperatively. 
Haemoglobin levels were less in the immediate postoperative 
period and 3 months postoperative period due to blood loss 
intraoperatively. The mean preoperative haemoglobin was 13.26 
g/dl whereas immediate postoperative mean haemoglobin was 
12.56 and 3 months postoperative mean haemoglobin was 12.78 
g/dl. Only one patient had a fall in haemoglobin postoperatively 
from 12.7 gm/dl to 9.7 gm/dl and underwent a single unit of blood 
transfusion. Similar to our study was the study conducted by 
Masson-Lecomte et al [37] in which they reported postoperative 
blood transfusion in 6% of the cases (13 patients out of 220 
patients). 
  In our study, 36 (90%) patients had normal serum creatinine 
values at the time of diagnosis. 4 (10%) patients were found to 
be azotemic. All the patients had azotemia secondary to medical 
renal disease with no evidence of obstructive uropathy. All of the 
azotemic patients had stable chronic kidney disease, with none 
of the patients being on dialysis however patients were taken up 
for surgery after nephrological clearance & also having explained 
the possibility of postoperative dialysis. The mean preoperative 
serum creatinine value was 1.01 mg/dl. Immediate postoperative 
and 3 months postoperative mean serum creatinine value was the 
same which was 1.2 mg/dl. Preoperative serum creatinine level is 
lower than postoperative immediate level (t: -6.231) & 3 months 
level (t: -6.302), but the immediate postoperative and 3 months 
serum creatinine levels were almost the same (t: 0.00). None of the 
patients needed dialysis pre and postoperatively.
  In our study, the mean length of hospital stay was 4.27 ± 0.78 
days. The minimum stay recorded was 3 days & the maximum 
stay was 7 days. In the study conducted by Masson-Lecomte et al 
[37], mean length of stay was 5.5 days which was higher than ours. 

In Gettman et al,6 mean length of hospital stay was 4.3 days which 
was nearly similar to our study.
  In our study, out of 40 patients, 1 patient (2.5%) developed fever 
due to wound infection which was managed by i.v. antibiotics and 
conservative management. 39 (97.5%) patients had no infection. 
27 (67.5%) tumours had histopathology reports as clear cell 
carcinoma. Next common was papillary cell carcinoma 6 (15%), 
3 (7.5%) tumours as chromophobe cell carcinoma, 2 (5.0%) as 
oncocytoma and 2 (5.0%) as other histology as angiomyolipoma 
and adenoma. In the study conducted by Ener et al [11], 52.3% 
cases were reported as clear cell carcinoma histologically, whereas 
the remaining 47.6% cases were divided between chromophobe 
cell carcinoma, papillary cell carcinoma, oncocytoma and other 
histology which was nearly similar to our study.
  In our study, out of 40 cases, none of the cases had positive 
surgical margins in histopathology reports. In Benway et al [27] 
studies, Mottrie et al [32] study and Gettman et al [6] study, 
positive surgical margins were found in 2.7%, 2%, and 7.6% cases 
respectively.
  In our study, 24 patients had a low renal score, 14 patients had a 
moderate renal score and 2 patients had a high renal score. Mean 
warm ischemia time for low renal score patients was 23.75 ± 4.4 
minutes, whereas moderate renal score patients had mean warm 
ischemia time of 31.64 ± 2.3 minutes and high renal score patients 
had a mean warm ischemia time of ± 1.4 minutes. In the study 
of Mayer et al [38], R- scored, and N-score were independent 
predictors of warm ischemia time on multivariable analyses (p < 
.001, p = .001, p=.026 and p<.01, respectively) and concluded that 
total RENAL Nephrometry score, as well as the N-and R- scores, 
can help predict longer WIT during LPN and RAPN. The RENAL 
Nephrometry score and its components may be useful in the 
preoperative planning and counselling of the patients undergoing 
LPN or RAPN. In the preoperative evaluation of partial 
nephrectomy, we typically use scores to predict the difficulty of 
the operation, the warm ischemia time and the possibility of high-
level complications. Since most studies include patients with 
Clavien–Dindo complications ≥ grade 2, a warm ischemia time 
(WIT) ≤ 25 min was used as the criterion for Trifecta outcomes 
[39]. Therefore, we compared the predictive ability of the different 
scores for these factors (Table 7). In a study, RENAL and DAP 
were compared for laparoscopic partial nephrectomy, and DAP 
was found to be better correlated than RENAL with warm 
ischemic time and estimated blood loss [40]. Another important 
aspect of scoring is standardization, which increases comparability 
and communication. DAP scoring integrates the R.E.N.A.L. and 
C-index systems. Similar to the R.E.N.A.L. system, DAP provides 
an itemized summary of 3 relevant, specific tumor features, 
followed by a sum score. Similar to the C-index, axial and polar 
scores provide an indication of tumor centrality. For example, a 1 + 
1 (axial = 1 and polar =1) tumor is located away from the axis and 
the equator, ie it is superficial and polar. A 3 + 3 (axial = 3, polar = 
3) tumor is located at the axis and at the equator, ie it is central. A 1 
+ 3 (axial =1, polar = 3) tumor is located away from the axis and at 
the equator, ie it is superficial and interpolar, and so on.
  There were no cases of urinary leak postoperative period of the 
cases that were performed in the study period. Urine leak is one 
of the most common complications of RAPN and LPN. Excision 
into the collecting system can be performed with increasing 
experience, although there is a higher risk of bleeding and urinary 
leakage [41].
  No secondary haemorrhage was noted in any of the cases that 
were performed in the study period. In Patel at el [29], only 1 case 
was reported and in Masson-Lecomte et al [37] study, 2 cases were 
reported for secondary haemorrhage from pseudoaneurysm.
  One patient (2.5%) had Grade 1 complications in the form of 
mild fever in the postoperative period, whereas the remaining 39 
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(97.5%) patients had no complications in the post-operative period 
according to clavien Dindo grade. A review of a select series 
reveals an overall 7.4% complication rate associated with RAPN, 
most of which appears to be minor. Lee et al [42] reported port site 
infection in 1/9 patients. Michli et al [43] reported the detection of 
renal abscess in 1/20 of their patients. Lee et al [42] also reported 
the occurrence of a urinoma in 1/9 of their patients. Michli [41] 
and Caruso et al [8] reported a conversion to open / hand-assisted 
laparoscopic partial nephrectomy in 3/20 and 2/10 patients 
undergoing a planned RAPN procedure. Excessive troublesome 
bleeding associated with RAPN was reported by Rogers et al [16] 
and Kaul et al [44] in 1/148, and 1/9 of their patients, respectively. 
In Masso-Lecomte et al [37] study, in RAPN group out of 220 
patients, 45 (20.45%) patients [Clavien 1 and 2 - 24 (53%), Clavien 
3 - 20(46%), Clavien 4 - 1(2%)] developed complication.
  Limitations of the study: Single-centre/institutional nature of 
the analysis. The number of cases in our study was less compared 
to certain other studies; although the power of the study was 
proven to be significant by statistical derivation of the number 
of cases required to arrive at logical conclusions. Being a strictly 
observational single-arm study, there were no interventions 
made during the course. There were also no comparisons made 
between Robotic Assisted Partial Nephrectomy (RAPN) & Open/ 
Laparoscopic Partial Nephrectomy (OPN / LPN), which probably 
would have cast a better light on the standing of RAPN concerning 
the accepted norms at present. Follow up was restricted to 3 
months only, which may not be a sufficient period to assess 
outcomes of surgery.

Conclusion

Our study shows that Robotic Assisted Partial Nephrectomy 
(RAPN) is an efficacious and safe surgery in stage T1 renal 
tumours (tumour size <7 cm). The Warm Ischemia Time (WIT) 
in our study was acceptable in all the cases that were performed, 
with the mean WIT being 29.28 minutes. The nephrometry 
scoring proved to be a useful tool for the technical difficulty 
that the surgeon would encounter during the surgery. RENAL 
nephrometry scoring was found to be statistically significant when 
compared with Warm Ischemia Time. Robotic-Assisted Partial 
Nephrectomy (RAPN) is a good technique to achieve   complete 
oncological clearance by minimal access technique.
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