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Abstract: 

Objectives  To assess and compare perioperative outcomes of patients undergoing robotic -assisted partial 

nephrectomy RAPN  for imperative versus elective indications. 

 

Patient and methods  We retrospectively reviewed a multinational database of 3,802 adult patients who underwent 

RAPN for elective and imperative indications. Laparoscopic or open PN were excluded. Baseline data for age, 

gender, BMI, ASA and PADUA score were examined. Patients undergoing RAPN for an imperative indication were 

matched to those having surgery for an elective indication using propensity scores in a 1 3 ratio. Primary outcomes 

included organ ischaemic time, operative time, estimated blood loss, rate of blood transfusions, Clavien-Dindo 

complications, conversion to radical nephrectomy RN  and positive surgical margins. 

 

Results  After propensity score matching for baseline variables, a total of 304 patients 76 imperative vs 228 non -

imperative indications  were included in the final analysis. No significant differences were found between groups 

for ischaemic time 19.9min vs 19.8min, p 0.94 , operative time 186min vs 180min, p 0.55 , estimated blood loss 

217mL vs 190mL, p 0.43 , rate of blood transfusions 2.7  vs 3.7 , p 0.51 , or Clavien-Dindo complications 

p 0.31 . A 38.6  SD 47.9  decrease in Day 1 post-operative eGFR was seen in the imperative indication group 

and a 11.3  SD 45.1  decrease in eGFR seen in the elective indications group, p 0.005  no recorded cases of 

permanent or temporary dialysis were seen. There were no conversions to RN in the imperative group and 5.6  

n 7  conversions in the non-imperative group p 0.69 . Positive surgical margins were seen in 1.4  1 76  of the 

imperative group and 3.3  of the non-imperative group 7 228 , p 0.69.  

 

Conclusion  RAPN is feasible and safe for imperative indications and demonstrates similar outcomes to elective 

indications. 

 

 

Introduction 

Partial nephrectomy PN  is the standard treatment for kidney tumours in imperative settings. 1  These can be 

defined as situations in which there is a congenital or ac uired single kidney, moderate to advanced chronic kidney 

disease CKD , and the presence of bilateral tumours or hereditary renal cancers where the risk of developing future 

tumours after surgery is high e.g. von Hippel-Lindau VHL  disease. The primary goals of treatment are to eradicate 

the cancer, whilst maximally preserving renal function and avoiding the need for dialysis or transplantation.  
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Open PN (OPN) is historically the ‘gold standard’ treatment for tumour resection in solitary kidneys (2,3) and 

available long-term oncological data comparing robotic-assisted PN RAPN  to OPN is limited and mixed 4,6-7 . 

Compared to OPN, RAPN has been shown to offer reduced complications, shorter length of hospital stay, and fewer 

positive margins, even when performed for renal tumours in imperative indications 8–10 . RAPN has been shown 

to be safe and efficacious for complex renal tumours 11 , although published data on its outcomes in imperative 

indications remains limited 5,12 .  It has steadily replaced laparoscopic partial nephrectomy with the superior image 

resolution, enhanced dexterity of robotic instrumentation, use of immunofluorescence for selective clamping, and 

the integrated ultrasonography during RAPN. 

 

An overall observed trend in the gradual increase in offering of RAPN for solitary renal tumours has therefore been 

seen 13 , yet it remains that fewer RAPN than OPN are offered for imperative indications as they are regarded as 

“high stakes” scenarios.  For many of these patients, the treatment options have traditionally consisted of major open 

surgery, or ablative therapies which are not considered the gold standard .  Yet many of these patients present with 

multiple comorbidities, making the reduced complication rate and enhanced recovery of minimally invasive surgery 

a far more attractive option.  Given the time passed since the advent of robotic surgery, surgeon skillset and 

experience has also grown. We hypothesize that peri-operative and surgical outcomes after RAPN for renal tumours 

in imperative indications are now comparable to elective PN for ‘usual’ indications.  

 

We aimed to compare the peri-operative and surgical outcomes in RAPN for imperative versus elective indications 

by conducting the largest to date retrospective assessment using the Vattikuti Collective uality Initiative VC I  

multinational database. 

Patients and Methods 

We conducted a retrospective review of the multinational Vattikuti Collective uality Initiative VC I  database for 

all adult patients who underwent RAPN for elective and imperative indications between September 2006 to March 

2020. Imperative indications were defined as those who underwent RAPN with a solitary kidney, had bilateral renal 

tumours, and known CKD. Using K DIGO 2012 Clinical Practice Guidelines , CKD was defined by an estimated 

glomerular filtration rate eGFR  of 45mL min. Our studied cohort included RAPN cases performed by 19 

surgeons across 19 centres, and from 9 different countries USA, Australia, UK, Italy, India, Portugal, Belgium, 

South Korea and Turkey . Laparoscopic and open partial nephrectomy were excluded.  

The VC I is an international collaboration of medical institutions, whose focus is on improving the uality of care 

in robotic surgery around the world. thics committee approval for data collection was obtained at each participant 

centre.  

Baseline data collected included age age in years at date of surgery , gender male or female , BMI kg m2 , 

American Society of Anesthesiologists ASA  physical status classification, and Preoperative Aspects and 

Dimensions Used for Anatomical classification PADUA  scores. Perioperative and operative outcomes used were  
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warm ischaemic time defined as the number of minutes passed from the clamping of the main renal artery until the 

unclamping in patients who had clamping without the use of regional hypothermia , operative time number of 

minutes from first skin incision to placement of the last skin suture , estimated intraoperative blood loss mL , need 

for intraoperative conversion to radical nephrectomy RN , blood transfusions number of units received during 

entire hospital admission , change in Day 1 eGFR mL min , Clavien-Dindo classification grade for post-operative 

complications, 14  and surgical margin status positive or negative . Further analysis of ‘trifecta outcomes’ was 

performed. This was defined as having a warm ischaemic time of less than 20 minutes, negative surgical margins, 

and no intraoperative complications immediately post-op or within 3 months of RAPN. 25  An imperative 

indication for RAPN was defined by having a solitary kidney, CKD,  

Due to the large multinational nature of this database, the authors attempted to obtain any missing data by contacting 

the VC I database manager. All complete and retrievable datasets were analysed. Differences between the 

imperative and elective indication groups were compared using Student’s t test for continuous variables and chi-

s uare test for categorical variables. We then performed a propensity score analysis with direct matching to address 

the differences in baseline characteristics between the groups Appendix 1 . The propensity score was developed by 

including relevant baseline patient and tumour characteristics including age, gender, BMI, ASA score and PADUA 

classification. Patients undergoing RAPN for an imperative indication were then matched to those underg oing 

RAPN for an elective indication using the nearest neighbour method in a 1 3 ratio without replacement. Balance of 

covariates was assessed both numerically and graphically using the standardized difference of means of the 

propensity score and a histogram of score distribution. We then performed bivariable and multivariable analyses for 

our primary outcomes. All p values were two-sided and statistical significance set at the 0.05 level. Data analysis 

was performed in R R Foundation for Statistical Computing, Vienna, Austria  version 3.4. 

Results 

3,802 patients underwent RAPN between September 2006 and March 2020. Of these, 102 RAPN were performed 

for imperative indications and 3699 were small renal masses for elective indications. After matching for baseline 

characteristics, our final studied cohort consisted of 304 subjects 76 imperative vs 228 non-imperative indications . 

Of those with imperative indications for RAPN, 31 subjects had a solitary kidney , 20 had bilateral renal tumours  and 

none had reported pre-op CKD. The descriptive baseline characteristics for both groups are summarized in Table 1. 

 

Using bivariate and multivariate models of analysis, no significant differences were found between groups for 

ischaemia time 19.9min vs 19.8min, p 0.94  MVM -0.3 min, p 0.84 . Similarly, operative time 186min vs 

180min, p 0.55  MVM 12.2minutes, p 0.47 , estimated blood loss 217mL vs 190mL, p 0.43  MVM 22.3mL, 

p 0.43 , the need for blood transfusions 2.7  vs 3.7 , p 0.51 , or recorded Clavien-Dindo grade of post-operative 

complications p 0.31  were very similar between both groups. The large majority of patients in both groups did not 

experience any post-operative complications 87.3  vs 92.8  for imperative vs elective indication , and Clavien-

Dindo Grade 2 and 3 complications were seen in 3 76 4.2  of the imperative group and 5 228 2.5  of the non-

imperative group. A 38.6  SD 47.9  decrease in Day 1 post-operative eGFR was seen in the imperative indication 
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group and a 11.3  SD 45.1  decrease in eGFR seen in the elective indications group, p 0.005. There were no 

recorded cases of post-operative need for permanent or temporary dialysis, and no deaths. No statistically significant 

difference between groups was detected on analysis of trifecta outcomes p 0.45 . Table 2 provides a summary of 

the analysed operative and perioperative variables. 

There were no conversions to RN in the imperative group and 5.6  n 7  in the non-imperative group re uired 

intraoperative conversion to RN p 0.69 . Positive surgical margins were seen in 1.4  1 76  of the imperative 

group and 3.3  of the non-imperative group 7 228 , p 0.69. 

Discussion 

There are several key findings to highlight from our present study. To our knowledge, our study represents the 

largest published matched cohort comparing outcomes in RAPN for imperative versus elective indications. This 

further validates earlier published findings from the VC I database where data highlighted that RAPN in solitary 

kidneys demonstrated a good trifecta of outcomes  those being negative surgical margins, low warm ischaemic time 

less than 25min , and low operative and perioperative complications and morbidity. 25  Having performed a 

propensity score-matched analysis, our present data adds robustness to current available evidence. In addition to 

comparable WIT, BL and hospital length of stay, our outcomes also indicate that the conversion rates to RN in 

RAPN for imperative indications remain low and are similar if not superior to OPN. This has been shown in 

previous studies comparing RAPN and OPN for elective indications. 22  There were no conversions from RAPN to 

RN or open surgery in our cohort. One explanation may be that these “higher stakes” surgeries are being performed 

by more experienced operators, and at high-volume tertiary centres. This likely accounts for the low rate of positive 

surgical margins PSM  seen in our cohort compared to previously published data, as higher-volume centres 60 

cases year  as well as surgical techni ue OPN vs minimally-invasive PN  have both been found to be independent 

predictors of PSMs. 26  The overall rate of PSMs encountered in PNs is 0-7 27  but much higher in imperative 

settings where it has been reported to be up to 27 . 2  Although imperative indications have been suggested to be 

an independent predictor of PSM, our data illustrates that other variables such as operator experience may be at play. 

A drawback to this analysis of PSM is that our data did not account for tumour clinical or pathological stage, or 

lymphovascular invasion. 

 

PN for imperative indications are clinically challenging scenarios as nephron-sparing approaches are necessary to 

maximizing renal functional outcomes. OPN was the traditional gold standard treatment in these “high stakes” 

settings, as patients who have a single kidney, CKD, or bilateral tumours have historically demonstrated worse post -

operative and oncological outcomes compared to those undergoing PN for elective indications. 4,12,15  Decreased 

functional outcomes have been reported after RAPN 23, 28 , with a reported reduction in eGFR of up to 9 , and up 

to 12.7  experiencing acute renal failure 29 . This may be attributed to potentially larger and more complex 

tumours, a more comorbid patient population, and a lower baseline renal reserve. However, good overall 

preservation of long-term renal function has been reported, and the need for permanent dialysis remains an 

uncommon outcome. 12,17  This finding was similarly observed in our matched cohort, where none of the patients 
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re uired long-term dialysis. A key limitation of our study was the lack of meaningful renal functional outcomes, 

having 57 04 19  of our studied cohort lacking data on pre- and or post-operative renal functional outcomes 

eGFR and or serum creatinine . This precluded a robust comparison of change in post-operative renal function 

between the groups. 

 

Up to 6  of imperative PN cases re uire surgical correction for complications, such as bleeding, urinary fistula or 

radical nephrectomy 12, 17 , further emphasising the challenging nature of this clinical setting. The introduction of 

laparoscopic surgery thus paved the way for initial attempts at performing minimally invasive PN, aimed at reducing 

the morbidity associated with open approaches. In an early series of 1,800 patients, Gill et al 2007  compared 

postoperative outcomes in laparoscopic versus OPN. Although the OPN group had higher surgical and physiological 

risk profiles at baseline, perioperative outcomes such as operative time, blood loss and length of hospital stay were 

superior in the laparoscopic group. Despite promising results, longer ischaemic times and higher complication rates 

remained a challenge in the laparoscopic group. 6  Since then, the emergence of robotic -assisted surgery has offered 

a superior operating platform, with improved vision and instrumentation. Comparisons between RAPN and OPN 

have yielded e uivalent, if not superior perioperative outcomes and less morbidity with the robotic 

approach. 8,9,16  Thus, a transition towards the robotic-assisted approach in many high-volume laparoscopic 

centres was seen. 

 

Along with increasing availability of the surgical robot, and an overall observed trend of more RAPN being 

performed, 18  came a growing body of literature demonstrating the safety of RAPN. uivalent, if not superior, 

perioperative outcomes in RAPN compared to OPN have been reported in large cohort studies, not only for small 

renal masses, but also in complex renal tumours. 7,16,19–21  A large prospective multi-centre French series 

compared the outcomes of 1800 patients who underwent RAPN versus OPN for renal tumours with comparable 

R NAL scores seen in both groups. The authors demonstrated better perioperative outcomes lesser intraoperative 

blood loss and fewer haemorrhagic complications, and reduced warm ischaemic time  and reduced morbidity, as 

well as a shorter length of hospital stay in the RAPN group. 16  Choi et al 2015 , in a recent systematic review and 

meta-analysis, demonstrated superior outcomes from RAPN compared to laparoscopic approaches in terms of lower 

conversion rates to RN, shorter hospital length of stay and a reduced WIT. 22  A recent publication by Bradshaw et 

al 2020  similarly reports comparable outcomes in RAPN for clinical T2a renal masses when compared with 

minimally-invasive RN, demonstrating the value of a robotic approach whilst maximising renal function . 30  

 

Although there is data demonstrating the advantages of minimally invasive over open surgical techni ues for PN in 

localized renal tumours, published data specific to populations where imperative indications are present is more 

limited. Our findings support and build on previous reports on the safety and efficacy of a robotic -assisted approach 

for clinical situations where PN is absolutely indicated. Heinze et al 2018  investigated the perioperative, functional 

and oncological outcomes in RAPN for imperative indications, and found RAPN to deliver similar outcomes in both 

imperative and elective indications. This was despite their imperative indications group being slightly older and with 
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higher CCI and ASA scores. 5  Takagi et al 2017  conducted a propensity score-matched analysis of outcomes 

between RAPN and OPN in a small group of patients with CKD 40 subjects in each group  and reported 

comparable outcomes in terms if renal functional preservation and rate of perioperative complications. Similarly 

positive perioperative and functional outcomes have been reported in RAPN for s mall renal masses in patients with 

CKD 23,24  as well as when comparing outcomes between RAPN and OPN in the setting of solitary kidneys. 10    

 

Although beyond the scope of this study, there is a spectrum of clinical scenarios that lie between “elective” versus 

“imperative” indications, such as localised unilateral RCC with the coexistence of urinary lithiasis or uncontrolled 

diabetes. In clinical practice, the decision for PN involves case-by-case discussion and consideration of multiple 

patient and other factors. Future studies addressing this sub-population will add to our knowledge base for RAPN.  

 

The lack of long-term data and prospective randomized controlled trials remain the gaps in current literature. 

Limitations of our study include the short follow-up timeframe, lack of randomization and retrospective analysis. 

Furthermore, data on renal functional outcomes and long-term oncological data on survival and disease recurrence 

were not available. Further studies reporting on long-term functional, oncological and survival outcomes after 

RAPN for imperative indications , as well as those investigating various surgical approaches such as a 

transperitoneal versus retroperitoneal approaches, or unclamped RAPN in imperative indications may provide 

insight into greater optimization of outcomes in RAPN for imperative indications. arly engagement of urologists is 

vital to ensuring trial success with clinically translatable outcomes for surgical practice. 31   

 

In conclusion, RAPN is a safe and feasible option in imperative indications single kidney, bilateral tumours or 

CKD  and demonstrates comparable outcomes to RAPN performed for elective indications.   
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Table 1. Baseline characteristics of patients who underwent RAPN for absolute and non-absolute 

indications (after propensity score matching). 

 Absolute Indication 

(n=76) 

Not Absolute Indication 

(n=228) 

p-value  

Median Age 63 (IQR 17) 64 (IQR 18) 0.60 

    

Gender   0.82 

Male 55  (72.4) 170 (75.6)  

Female 21 (27.6) 58 (25.4)  

    

Mean BMI 28.9 (SD 4.45) 28.7 (SD 5.4) 0.77 

    

ASA Score   0.81 

1 12 (15.8) 31 (13.6)  

2 33 (43.4) 108 (47.4)  

3 31 (40.8) 89 (39.0)  

    

PADUA Risk   0.90 

Low 25 (32.9) 85 (37.3)  

Intermediate 26 (34.2) 81 (35.5)  

High Risk 25 (32.9) 62 (27.2)  
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Table 2. Bivariate and multivariate model analysis for comparison of outcomes in RAPN for absolute and 

non-absolute indications. 

 

 Bivariate analysis Multivariate model analysis 

Variable Absolute Non- 

absolute 

p-value Absolute 

indication 

p-value 

Ischaemia time, minutes 

(SD/SE) 

19.9 (6.8) 19.8 (11.9) 0.94 0.3 (1.48) 0.84 

Operative time, minutes (SD) 186 (72.5) 180 (62.6) 0.55 12.2 (17.1) 0.47 

Estimated blood loss, mL (SD) 217 (273) 190 (191) 0.43 22.3 (28.5) 0.43 

Bloods transfusions, n (%) 2 (2.7) 8 (3.7) 0.51 OR 0.47 [95%CI 0.02-3.10] 

Clavien-Dindo Grade, n (%) 

No complication 

Grade 1 

Grade 2 

Grade 3 

Grade 4 

Grade 5 

 

62 (87.3) 

6 (8.5) 

3 (4.2) 

0 (0) 

0 

0 

 

180 (92.8) 

8 (4.1) 

3 (1.5) 

2 (1.0) 

1 (0.05) 

0 

0.31 - - 

Conversion to RN, n (%) 0 7 (5.6) 0.30 - - 

Positive Surgical Margin, n (%) 1 (1.4) 7 (3.3) 0.69 - - 

Trifecta outcomes, n (%) 31 (45.6) 101 (51.8) 0.45   

Change in Day 1 post-op eGFR, 

percentage (SD) 

-38.6 (47.9) -11.3 (45.1) <0.005   

*SD standard deviation; SE standard error; RN radical nephrectomy.  
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