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Abstract
Introduction  There is limited evidence on the outcomes of robotic partial nephrectomy (RPN) and open partial nephrectomy 
(OPN) in obese patients (BMI ≥ 30 kg/m2). In this study, we aimed to compare perioperative and oncological outcomes of 
RPN and OPN.
Methods  We relied on data from patients who underwent PN from 2009 to 2017 at 16 departments of urology participating in 
the UroCCR network, which were collected prospectively. In an effort to adjust for potential confounders, a propensity-score 
matching was performed. Perioperative outcomes were compared between OPN and RPN patients. Disease-free survival 
(DFS) and overall survival (OS) were estimated using the Kaplan–Meier method and compared using the log-rank test.
Results  Overall, 1277 obese patients (932 robotic and 345 open were included. After propensity score matching, 166 OPN 
and 166 RPN individuals were considered for the study purposes; no statistically significant difference among baseline 
demographic or tumor‐specific characteristics was present. A higher overall complication rate and major complications rate 
were recorded in the OPN group (37 vs. 25%, p = 0.01 and 21 vs. 10%, p = 0.007; respectively). The length of stay was also 
significantly longer in the OPN group, before and after propensity-score matching (p < 0.001). There were no significant 
differences in Warm ischemia time (p = 0.66), absolute change in eGFR (p = 0.45) and positive surgical margins (p = 0.12). 
At a median postoperative follow-up period of 24 (8–40) months, DFS and OS were similar in the two groups (all p > 0.05).
Conclusions  In this study, RPN was associated with better perioperative outcomes (improvement of major complications 
rate and LOS) than OPN. The oncological outcomes were found to be similar between the two approaches.
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Introduction

Partial nephrectomy (PN) represents the standard of care for 
the treatment of small renal masses [1, 2]. It provides equiv-
alent oncological control and better preservation of renal 
function relative to radical nephrectomy [3]. Over the last 
decade, the surgical approach has shifted from open partial 
nephrectomy (OPN) to laparoscopy with robotic assistance 
in the majority of the cases [4, 5]. The benefits of robotic 
partial nephrectomy (RPN) have been widely reported: it 

decreases surgical morbidity, analgesic requirements, length 
of hospital stay and convalescence [6, 7].

At the same time, the prevalence of obesity has increased 
dramatically in the last decades, and it is a growing health 
concern worldwide [8]. Obesity is correlated to higher 
perioperative complication rates when compared to nor-
mal-weight populations. This adds difficulty to the com-
plexity of minimally invasive surgery per se, mostly due 
to the increased adipose tissue that can limit the motion of 
instruments and increased perinephric fat thickness, which 
requires a more extensive dissection and it has been found to 
be associated with increased blood loss and operative time 
[9, 10].Extended author information available on the last page of the article
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In this specific population, the benefits of RPN over OPN 
have generally been reported using single institution and 
small sample sizes [11–13]. Despite the inherent limitations 
of observational studies, the data suggests that RPN seems 
to be associated with decreased blood loss, peri-operative 
complications, and length of stay. Obesity is correlated to 
higher perioperative complication rates when compared to 
normal-weight populations. Furthermore, there are studies 
published across the surgical field advocating that especially 
obese patients gain from minimal invasive procedures.

Our objective was to compare perioperative and onco-
logic outcomes of RPN and OPN in a large and contempo-
rary multi-institutional cohort of obese patients.

Patients and methods

Study population

All patients in this study were prospectively enrolled in the 
UroCCR (French Research Network for Kidney Cancer) 
multicentric database (ClinicalTrials.gov: NCT03293563/
CNIL agreement DR-2013-206). We conducted a retrospec-
tive analysis of all obese patients (BMI ≥ 30 kg/m2) who 
underwent PN for a localized kidney tumor at 16 academic 
departments of urology between 2009 and 2017. Only OPN 
and RPN were included (i.e., purely laparoscopic cases were 
excluded). Patients who had multiples renal masses on the 
same kidney and those with a solitary kidney were excluded 
from the analysis to minimize the confounding effect on 
perioperative outcomes. All RPNs were performed using the 
da Vinci surgical system through a transperitoneal approach.

Co‑variates

Demographic data and preoperative clinical variables 
included gender, age at surgery, body mass index (BMI), 
smoking status (active/former smoker vs. non-smoker), 
diabetes, hypertension, Anticoagulant/antiplatelet treat-
ments, ECOG PS score, American Society of Anesthesiol-
ogy (ASA) score, preoperative estimated glomerular filtra-
tion rate (eGFR) tumor size and R.E.N.A.L. nephrometry 
score [13]. Tumor complexity was graded as low (RENAL 
score 4–6), moderate (score 6–9), or high (score 10–12). 
The glomerular filtration rate (GFR) was estimated using 
the Modification of Diet in Renal Disease (MDRD) equa-
tion [14]. Pathologic data consisted of stage, grade, surgi-
cal margins, and histologic subtype. Tumor histology was 
evaluated according to the 2004 World Health Organization 
criteria. pTNM was defined in accordance with the European 
Association of Urology.

Outcomes

The following variables were collected: operative time 
(OT, “skin to skin”), warm ischemia time (WIT), esti-
mated blood loss (EBL), conversion to radical nephrec-
tomy, intra operative complication, overall complication 
rate, major complication rate, transfusion rate, absolute 
change in estimated glomerular filtration rate and length of 
stay (LOS). Intraoperative complications were defined as 
an undesired event due to the surgical intervention occur-
ring between skin incision and skin closure.

Postoperative complications were graded using the Cla-
vien–Dindo classification [15, 16]. Major complications 
were defined as a Clavien score of 3 or higher. All out-
comes were recorded within 30 d of the procedure.

The patients were followed up according to local pro-
tocols, which involved clinical examination, serum cre-
atinine measurement, and contrast-enhanced computed 
tomography of the chest, abdomen, and pelvis at 6, 12, 
18, 24 months and then yearly for a minimum of 5 years. 
The oncological outcomes were disease-free survival 
(DFS) and overall survival (OS). DFS was defined as the 
time from surgery to disease recurrence (including local 
and distant recurrences), or death from any cause. OS was 
defined as the time from surgery to death from any cause. 
For DFS and OS endpoints, patients who are alive were 
censored at the date of the last contact.

Statistical analysis

Medians and interquartile ranges (IQR) were generated 
for continuously coded variables, and frequencies and 
proportions were generated for categorical variables. To 
partly account for potential selection biases arising from 
non-random allocation of patients undergoing OPN and 
RPN, we performed a propensity-score-matched analysis. 
For the present study, propensity scores were computed by 
modeling a logistic regression considering the following 
variables: RENAL nephrometry score, tumor size, base-
line eGFR and ECOG PS. Based on the resulting propen-
sity score, patients who underwent OPN were matched 
1:1 without replacement to patients who underwent RPN 
using nearest-neighbor matching within a propensity-
score-based caliper. A standard caliper size of 0.2 × log 
[SD of the propensity score] was used.

Mann–Whitney U test and Chi-squared tests were used 
to evaluate the differences in peri-operative characteristics 
between the groups. Kaplan–Meier analysis with log-rank 
tests were performed to evaluate the difference in onco-
logical outcomes between the groups. Missing data were 
imputed five times, with predictive mean matching for 
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numeric variables and logistic regression for binary vari-
ables. Statistical analyses were performed using Stata 16.1 
statistical software (Stata, College Station, TX, USA). All 
tests were two-sided with a significance level at p < 0.05.

Results

Table 1 shows the characteristics of the initial study cohort 
of 1277 patients before and after they were matched accord-
ing to the aforementioned criteria. Of these patients, 932 
(73%) underwent RPN and 345 (27%) underwent OPN. 
Before propensity-score matching, patients in the OPN 
group had a larger tumor (p = 0.04), a higher anatomical 
complexity score (p = 0.03) and a lower baseline eGFR 
(p = 0.006) than the RPN group. In addition, more patients 
in the OPN group had an ECOG score ≥ 1 (32% vs. 25%; 
p = 0.01). Using propensity score, 166 patients in the OPN 
group were matched 1:1 to patients in the RPN group. 

Patient’s baseline characteristics were similar in the two 
groups (all p > 0.05).

Perioperative outcome for the pre‐ and post‐propensity 
score matched cohorts are presented in Table 2. Operative 
time and warm ischemia time were similar between the two 
groups (all p > 0.05). In the matched cohort, operative time 
was shorter in the OPN group (p < 0.001). EBL and transfu-
sion rates were higher in the OPN group (360 vs. 200 ml, 
p < 0.001, and 6 vs. 2%, p < 0.001, respectively). However, 
after propensity-score matching no difference was observed 
regarding the transfusion rate between the two groups 
(p = 0.32).

Regarding perioperative complications, the intra-oper-
ative complication rate was higher in the OPN groups 
(p < 0.001). However, after propensity score matching this 
difference was found not to be significant. The incidence 
of overall and major post-operative complications was 
higher in the OPN group (39 vs. 16%, p < 0.001 and 18 vs. 
5%, p < 0.001; respectively) (Supplementary Table S1). 

Table 1   Demographics and preoperative variables of obese patients undergoing partial nephrectomy, all patients and patients analyzed with pro-
pensity score matching

BMI, body mass index; ASA, American Society of Anesthesiologists; ECOG, Eastern Cooperative Oncology Group; NSS, Nephron Sparing 
Surgery; eGFR, Estimated glomerular filtration rate

Variables Full data set Standardized 
difference, %

PS-matched patients Standardized 
difference, %

OPN (n = 345) RPN (n = 932) p value OPN (n = 166) RPN (n = 166) p value

Age, y (IQR) 60 (54–67) 60 (52–67) 0.69  − 0.01 63 (54–68) 62 (56–69) 0.79 0.03
Sex, no. (%)
 Female 106 (30.7) 357 (38.3) 0.01  − 0.15 54 (32.5) 68 (41) 0.11 0.09
 Male 239 (69.2) 575 (61.7) 112 (67.4) 98 (59)

BMI, kg/m2 (IQR) 32.9 (31.1–35.8) 33.2 (31.2–36.4) 0.08 0.08 32.8 (31–35.6) 33.5 (31.4–37) 0.09 0.07
ECOG PS, no. (%)
 0 182 (67.4) 606 (74.7) 0.01 0.16 112 (67.5) 120 (72.2) 0.09 0.09
 ≥ 1 88 (32.7) 205 (25.2) 54 (32.5) 46 (27.7)

ASA score, no. (%)
 1–2 238 (75) 708 (76) 0.74 0.03 107 (64.4) 102 (61.4) 0.41 0.03
 3–4 76 (25) 224 (24) 59 (35.6) 64 (38.5)

Smoking status, n (%) 87 (25.2) 190 (20.3) 0.06 0.11 46 (27.7) 48 (28.9) 0.90 0.02
Hypertension, n (%) 206 (59.7) 577 (61.9) 0.47 0.04 104 (62.6) 112 (67.4) 0.12 0.02
Diabetes, n (%) 97 (28.1) 258 (27.6) 0.87 0.01 49 (29.5) 48 (28.9) 0.90 0.01
Anticoagulant/anti-

platelet treatments, 
no. (%)

52 (15) 128 (13.7) 0.54 0.03 33 (19.8) 42 (25.3) 0.29 0.08

Tumor size, cm (IQR) 4.2 (2.9–5) 3.9 (2.7–4.5) 0.04  − 0.13 4 (3–5.5) 4.3 (3–7) 0.08 0.02
RENAL score, (IQR) 7 (6–9) 8 (6–10) 0.03  − 0.29 7 (6–9) 7 (6–9) 0.28 0.01
R.E.N.A.L. complex-

ity, no. (%)
 Low (4–6) 80 (32) 309 (41.7) 0.02 0.21 50 ( 30.1) 52 ( 31.3) 0.12 0.02
 Moderate (7–9) 120 (48) 314 (42.4) 85 (51.2) 68 (40.9)
 High (10–12) 50 (20) 117 (15.8) 31 ( 18.6) 46 (27.7)

Preoperative eGFR, 
ml/min (IQR)

78.3 (59.7–91.3) 83.7 (64.4–99.2) 0.006 0.23 77.3 (64.8–92.5) 73 (53.6–90.9) 0.07 − 0.10
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These differences remained significant in the matched 
cohort (p < 0.001). LOS was also significantly longer in 
OPN group, before and after propensity-score matching 
(p < 0.001). Finally, no differences in post-operative renal 
function between the two groups was observed in both 
cohorts (p > 0.5).

Concerning pathological outcomes (Table 3), no signifi-
cant difference was found in the percentages of malignant 
lesions, histologic subtypes, pathological staging, and grad-
ing (all p > 0.05). Lastly, no differences were found in the 
rate of positive surgical margins between the two groups in 
both cohort (p > 0.05).

After a median (IQR) of 24 (8–40) months postop-
eratively, 71 patients had disease progression: 25 in the 
OPN group and 46 in the RPN group. 23 patients died 
during follow-up. There were no significant differences in 
overall survival and disease-free survival between the two 
groups before and after the propensity score matching (all 
p > 0.05) (Figs. 1A-B, 2B-B).

Table 2   Perioperative outcomes of obese patients undergoing partial nephrectomy, all patients and patients analyzed with propensity score 
matching

OT, Operative time; EBL, Estimated Blood Loss; WIT, Warm Ischemia Time

Variables Full data set PS-matched patients

OPN (n = 345) RPN (n = 932) p value OPN (n = 166) RPN (n = 166) p value

OT, min, median (IQR) 170 (126–190) 168 (121–208) 0.59 159 (120–175) 180 (132–238)  < 0.001
EBL, ml, median (IQR) 360 (200–600) 200 (100–400)  < 0.001 350 (150–500) 300 (100–400) 0.03
Hilar clamping no. (%) 278 (81.7) 771 (83.1) 0.55 147 (89.6) 122 (73.4)  < 0.001
WIT, min, median (IQR) 17 (13–23) 16 (12–23) 0.83 18 (14–25) 17 (12–24) 0.66
Conversions to radical nephrectomy (%) 6 (1.7) 13 (1.3) 0.65 3 (1.8) 0 0.08
Intra operative complication no. (%) 55 (16.4) 43 (4.6)  < 0.001 13 (7.9) 13 (4.2) 0.17
Overall complication no. (%) 136 (39.4) 152 (16.3)  < 0.001 62 (37.3) 42 (25.3) 0.01
Major complications no. (%) 63 (18.3) 51 (5.4)  < 0.001 35 (21.1) 17 (10.3) 0.007
Transfusion no. (%) 22 (6.4) 22 (2.3)  < 0.001 11 (6.6) 7 (4.2) 0.32
Median days length of stay (IQR) 7 (5–9) 3 (2–5)  < 0.001 8 (5–10) 4 (2–6)  < 0.001
% Change in eGFR at discharge, (IQR)  − 9 (− 12 to 8.3)  − 4 (− 8 to 7.9) 0.15  − 5 (− 8 to 6.5)  − 6 (− 8 to 7.5) 0.45

Table 3   Pathological results of obese patients undergoing partial nephrectomy, all patients and patients analyzed with propensity score matching

*Only renal cell carcinomas were included for analyses

Variable Full data set PS-matched patients

OPN (n = 345) RPN (n = 932) p value OPN (n = 166) RPN (n = 166) p value

Tumor pathology (%) 0.08 0.47
 Malignant 290 (92.1) 768 (88.5) 141 (92.1) 141 (89.8)
 Benign 25 (7.9) 100 (11.5) 12 (7.8) 16 (10.1)

Histologic subtypes (%)*
 Clear cell 205 (75.6) 562 (76.8) 0.51 99 (77.3) 101 (76.5) 0.89
 Papillary 50 (18.4) 116 (15.8) 21 (16.4) 24 (18.1)
 Chromophobe 16 (5.9) 53 (7.2) 21 (6.2) 7 (5.3)

Nuclear grade (%)*
 1–2 154 (60.3) 441 (64.6) 0.22 73 (57) 82 (64) 0.25
 3–4 101 (39.6) 241 (35.3) 55 (42.9) 46 (36)

Stage (%)*
 1 232 (82.8) 640 (85.5) 0.07 106 (80.3) 97 (69.2) 0.11
 2 19 (6.7) 26 (3.4) 9 (6.8) 13 (9.2)
 3 29 (10.3) 82 (10.9) 17 (12.8) 30 (21.4)

No. positive surgical margins (%)* 36 (12.4) 136 (13.1) 0.58 20 (14.1) 16 (11.4) 0.12
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Discussion

PN is the standard of care for treatment of small renal 
tumors. The surgical approach (open vs. minimally inva-
sive surgery) is mainly related to patient's health status 
[17], surgeon's experience [18], tumor complexity [19], 
and robotic platform availability [20]. Over the last dec-
ade, the robotic approach has gained popularity with the 
ambition to decrease perioperative morbidity while main-
taining optimal functional and oncological outcomes [6, 
21]. At the same time, the overweight/obese population has 
been steadily increasing worldwide and operative interven-
tions and perioperative care of these patients can be chal-
lenging [22]. We performed a study that reflects real life 
conditions in an effort to assess perioperative, oncological 
and functional outcomes by comparing OPN and RPN in 
the specific population of obese patients. To control more 

comprehensively for biases associated with the selection of 
a particular approach over the other, we stringently matched 
OPN and RPN patients using a propensity score–matching 
method. Our study revealed important findings and several 
relevant observations deserve further discussion.

First, RPN was associated with a relevant benefit in 
terms of perioperative morbidity relative to OPN. The RPN 
approach is associated with decreased bleeding, fewer trans-
fusions, and a much shorter hospital stay. Remarkably, this 
benefit was consistent when major complications were taken 
into consideration, with a 10% decrease with the robotic 
approach. One explanation to this phenomenon could be 
that the robotic systems offer enhanced vision and several 
degrees of freedom that make renal parenchyma repair after 
tumor excision easier to perform. It would seem plausible 
that a more efficient and faster repair would be associated 

Fig. 1   Kaplan–Meier curves comparing open partial nephrectomy 
(OPN) and robotic partial nephrectomy (RPN) for disease-free sur-
vival, all patients (A) and patients analyzed with propensity score 
matching (B). *Only renal cell carcinoma was included for analyses

Fig. 2   Kaplan–Meier curves comparing open partial nephrectomy 
(OPN) and robotic partial nephrectomy (RPN) for overall survival, 
all patients (A) and patients analyzed with propensity score matching 
(B). *Only renal cell carcinoma were included for analyses
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with fewer complications postoperatively. In addition, by 
avoiding large open wounds or incisions, we decrease the 
rate of postoperative complications, especially those related 
to the wound such as dehiscence, infection, cellulitis, and 
incisional hernia.

Our findings are in keeping with the results of previ-
ous studies suggesting the major advantages of the robotic 
approach. In a small cohort of 66 obese patients undergoing 
OPN (n = 21), laparoscopic partial nephrectomy (n = 31), 
and RPN (n = 14), Webb et al. investigated the impact of 
approaches on blood loss and length of stay. They demon-
strated that among obese patients, both laparoscopic and 
robotic partial nephrectomy are associated with less blood 
loss than open partial nephrectomy (300 ml vs. 150 ml) and 
shorter LOS (4 days vs. 3 days, p < 0.05) [11, 25]. Using 
data from 2008‐2016 of the American College of Surgeons 
National Surgical Quality Improvement Program (ACS‐
NSQIP), Khalil et al. compared 6041 obese MIPN patients 
and 3064 obese OPN patients. They found that compared to 
OPN, the likelihood of 30‐day postoperative morbidity was 
significantly lower in MIPN patients [13]. More recently, 
Malkoc and colleagues analyzed the impact of surgical 
approaches on outcomes in otherwise healthy obese patients 
undergoing partial nephrectomy for small renal masses 
(< 4 cm) in a cohort of 237 cases from the Cleveland Clinic. 
They found that robotic approach offers less blood transfu-
sion, decreased operative time, faster recovery, and fewer 
perioperative complications compared to the open approach 
[12].

As the patient population is growing older and fatter, 
striking the right balance between life-prolonging surgi-
cal procedures while maintaining quality of life through 
minimizing treatment related complications becomes key 
for achieving the best possible outcomes for our patients. 
In addition to mini invasive surgery, we had to propose for 
patients, and specially in obese patients, various aspects of 
enhanced recovery after onco-urologic surgery (importance 
of pre-habilitation and re-habilitation, ERAS…).

However, these studies were limited by the risk of 
unmeasured baseline differences between RPN and OPN 
candidates. For example, critical determinants of periopera-
tive morbidity such as tumor complexity and patient’s health 
status were incompletely accounted for, when the effect of 
the approach was estimated, resulting in a non-negligible 
risk of biased observations. In addition, using single institu-
tion series represent a major weakness that limits the gener-
alizability of the results.

Second, our study analyzed pathological and oncologi-
cal outcomes after RPN and OPN in obese patient. Our 
findings suggest that there is no significant difference 
between the two groups in terms of disease recurrence 
(full and matched data) and overall survival (full and 
matched data). Despite the need for a longer follow-up 

evaluation, we believe this is an important finding because 
the results presented herein would suggest that the techni-
cal conduct of the operation may be improved by using 
the robotic approach with decreased EBL, post-operative 
complications and LOS without compromising oncologi-
cal outcomes.

One of the strengths of our study is the large sample 
size. The analysis was performed using a matched analysis 
to reduce selection bias and provide a fairer comparison 
between the two approaches. Nonetheless, there are some 
limitations that must be acknowledged. The major short-
comings were those inherent to the retrospective design 
and subsequent potential for biases. There were subtle dif-
ferences in surgical technique and perioperative manage-
ment that could contribute to flaw our results. However, 
this multi-institutional approach may also allow findings 
to be more applicable at other centers. We only used the 
RENAL score whereas other scores, such as the Preop-
erative Aspects and Dimensions Used for an Anatomical 
and the centrality index have been reported. We chose the 
RENAL score because it is simple, easy to calculate and 
has shown good inter-observer reproducibility [23]. More-
over, it seems to provide more reliable information when 
compared with other scores [24]. Another limitation to our 
study is the relatively short follow-up. Finally, surgeries 
were performed by surgeons with various levels of exper-
tise, which could have impacted perioperative outcomes 
but was not adjusted for (data was not available).

Conclusions

In the present study, RPN was associated with better perio-
perative outcomes (improvement of major complications 
rate and LOS) than OPN. Although the follow-up was 
relatively short, the oncological outcomes were found to 
be similar between the two approaches. Longer follow-up 
and additional prospective studies are needed to confirm 
our results.
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