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Abstract
Objective  To compare the outcomes of robotic radical nephrectomy (RRN) to those of laparoscopic radical nephrectomy 
(LRN) for large renal masses.
Methods  This was a retrospective analysis of RRN and LRN cases performed for large (≥ cT2) renal masses from 2004 to 
2017 and collected in the multi-institutional international database (ROSULA: RObotic SUrgery for LArge renal masses). 
Peri-operative, functional, and oncologic outcomes were compared between each approach. Descriptive analyses were per-
formed and presented as medians with interquartile ranges. Inverse probability of treatment weighting-adjusted multivariable 
analyses were used to identify predictors of peri-operative complications. Kaplan–Meier analysis and Cox regression models 
were used to assess survival outcomes.
Results  A total of 941 patients (RRN = 404, LRN = 537) were identified. There was no difference in terms of gender, age, 
and clinical tumor size. Over the study period, RRN had an annual increase of 11.75% (95% CI [7.34, 17.01] p < 0.001) and 
LRN had an annual decline of 5.39% (95% CI [−6.94, −3.86] p < 0.001). Patients undergoing RRN had higher BMI (27.6 
[IQR 24.8–31.1] vs. 26.5 [24.1–30.0] kg/m2, p < 0.01). Operative duration was longer for RRN (185.0 [150.0–237.2] vs. 
126 [90.8–180.0] min, p < 0.001). Length of stay was shorter for RRN (3.0 [2.0–4.0] vs. 5.0 [4.0–7.0] days, p < 0.001). RRN 
cases presented more advanced disease (higher pathologic staging [pT3–4 52.5 vs. 24.2%, p < 0.001], histologic grade [high 
grade 49.3 vs. 30.4%, p < 0.001], and rate of nodal disease [pN1 5.4 vs. 1.9%, p < 0.01]). Surgical approach did not represent 
an independent risk factor for peri-operative complications (OR 1.81 95% CI [0.97–3.39], adjusted p = 0.2). The main study 
limitation is the retrospective design.
Conclusions  This study represents the largest known multi-center comparison between RRN and LRN. The two procedures 
seem to offer similar peri-operative outcomes. Notably, RRN has been increasingly utilized, especially in the setting of more 
advanced and surgically challenging disease without increasing the risk of peri-operative complications.
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Introduction

Radical nephrectomy remains the standard of care for man-
agement of large renal tumors [1, 2]. The introduction of 
the laparoscopic approach has offered significant advan-
tages over the open approach, mainly in terms of lower 
peri-operative morbidity and faster post-operative recovery. 
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Nonetheless, the open approach has remained the preferred 
option in the setting of larger, locally advanced tumors with 
venous extension [3, 4]. Over the past decade, robotic sur-
gery has been increasingly adopted in many urologic pro-
cedures including radical nephrectomy, as it can facilitate 
the surgeon in overcoming certain technical challenges and 
because of the steep learning curve of standard laparoscopy 
[5, 6].

Although studies have sought to evaluate robotic radi-
cal nephrectomy (RRN), few have adequately characterized 
and compared this technique with the established laparo-
scopic radical nephrectomy (LRN) [3, 7, 8]. In a recent large 
population-based study, Jeong et al. concluded that the use 
of robotic assistance for radical nephrectomy is not associ-
ated with increased risk of complications, but translates into 
prolonged operating time and higher hospital costs [3]. The 
findings of this study and its limitations have generated an 
ongoing debate [9, 10].

The aim of our study was to perform a comparative out-
come analysis of RRN vs. LRN for large (≥ T2) renal masses 
in a “real-life” scenario using a large multi-institutional 
database.

Methods

Study design

We developed the multi-center, multi-national RObotic SUr-
gery for LArge (ROSULA) renal masses database involv-
ing 22 surgical centers worldwide. Using this database, we 
identified cases with ≥ cT2 renal masses [11] who under-
went radical nephrectomy by a robotic-assisted or purely 
laparoscopic approach from 2004 to 2017. These cases were 
reviewed for baseline characteristics, peri-operative, and 
oncologic parameters.

Parameters

Baseline characteristics included age, gender, race, body 
mass index (BMI), American Society of Anesthesiologists 
(ASA) score; presence of diabetes mellitus, hypertension, or 
pre-operative chronic kidney disease (CKD) stage ≥ 3; pre-
operative hemoglobin, estimated glomerular filtration rate 
(eGFR) [12], clinical tumor size, hilar location (determined 
by location within renal hilum and contact with hilar vessels 
on radiographic imaging) [13], tumor stage, nodal involve-
ment, and metastasis.

Peri-operative variables included operative duration, esti-
mated blood loss (EBL), intra-operative transfusions, intra-
operative complications, 30-day post-operative complications 
(graded according to the Clavien–Dindo system with ≥ 3 

considered major) [14], length of stay, change in hemoglobin 
at discharge, and change in eGFR at discharge.

Data analysis

In the first step of analyses, we evaluated rate of change in use 
of laparoscopic and robotic radical nephrectomy over time. 
Temporal trends were quantified using the estimated annual 
percentage change (EAPC).

In the second step of analyses, descriptive statistics includ-
ing frequencies and proportions for categorical variables, 
means, medians, and ranges were reported for continuously 
coded variables. The Chi square tested the statistical signifi-
cance in proportions’ differences. The t test evaluated for sta-
tistically significant differences between means.

In the third step of analyses, we relied on univariable and 
multivariable logistic regression models to test the effect of 
laparoscopic vs. robotic radical nephrectomy on any complica-
tion rates within the entire cohort of patients in whom radical 
nephrectomy was performed. An odds ratio (OR) was then 
determined for each significant factor.

In the fourth step of analyses, Kaplan–Meier (KM) plots 
graphically depicted the overall mortality and recurrence or 
metastasis-free survival rates after stratification according to 
laparoscopic vs. robotic radical nephrectomy within the cohort 
of patients with pT2M0 tumors. Then, a hazard ratio (HR) was 
derived using univariable and multivariable Cox regression 
models (CRMs) which were tested for differences in recur-
rence or metastases rates.

Covariates included in the multivariable models were 
those that were statistically significant in univariable models 
(p < 0.05). Moreover, to reduce the effect of selection bias, in 
multivariable models, we used a propensity score adjustment 
that relied on weighting based on inverse probability of treat-
ment (IPTW) [15]. Since multiple different and independent 
hypotheses were tested, the Benjamini–Hochberg method was 
applied to control the false discovery rate for independent test 
statistics [16].

All tests were two-sided, and the level of significance was 
set at p < 0.05. Analyses were performed using the R software 
environment for statistical computing and graphics (version 
3.5.0; http://www.r-proje​ct.org/).

Results

Baseline demographics

A cohort of 941 patients were identified as undergoing RRN 
(n = 404 [42.9%]) or LRN (n = 537 [57.1%]) for ≥ cT2 renal 
masses over the 14-year study period. Approximately, 2.8% 
(24/861) underwent a retroperitoneal surgical approach. An 
increasing number of robotic procedures were performed 

http://www.r-project.org/
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at participating centers with an EAPC of 11.75% (95% CI 
[7.34, 17.01] p < 0.001) for RRN and − 5.39% (95% CI 
[− 6.94, − 3.86] p < 0.001) for LRN (Fig. 1).

Patient demographics and baseline characteristics are 
listed in Table 1. Patients undergoing RRN had a higher 
median BMI compared to LRN (27.6 vs. 26.5  kg/m2, 
p < 0.01). There was no significant difference in terms of 
age, gender, or co-morbidities (hypertension or diabetes). 
However, nearly twice as many patients with CKD ≥ 3 
underwent LRN compared to RRN (p < 0.01). There was 
no difference in clinical tumor size between groups (median 
8.6 cm for RRN and 8.6 cm for LRN, p = 0.1). However, the 
robotic group included more metastatic patients (13.4% vs. 
6.3%, p < 0.001) and had a higher proportion of masses with 
hilar location (27.5% vs. 10.4%, p < 0.001) (Fig. 2). 

Peri‑operative outcomes

Peri-operative outcomes are detailed in Table 2. Median 
operative duration was longer in RRN vs. LRN (185 vs. 
126 min, p < 0.001). There was no significant difference in 
the median estimated blood loss and rate of intra-operative 
blood transfusion between the two approaches. Similarly, 
there was no significant difference in the overall rate of peri-
operative complications between RRN (21.0%) vs. LRN 
(15.3%). Furthermore, there was no significant difference 
in the rate of major post-operative complications (Clavien 
grade ≥ 3) (3.5% vs. 1.9%).

Pathologic and oncologic outcomes

Approximately 97% of the clinical T2 masses demon-
strated a malignant pathology, with no significant differ-
ence between RRN and LRN (Table 3). There was a higher 
rate of positive nodes among RRN vs. LRN (5.9% vs. 1.9%, 
p < 0.01). Subgroup analysis did not demonstrate a differ-
ence among groups comparing RRN vs. LRN approaches 
regarding rates of sarcomatoid differentiation (p = 0.6). 
However, RRN cases were found to have higher pathologic 
staging (p < 0.001), histologic grade (p < 0.001), and rate of 
positive surgical margin (p < 0.01).

Risk factors for peri‑operative, surgical, 
and oncologic outcomes

At univariable analysis, BMI, ASA, pre-operative hemo-
globin, pathologic stage, and hilar location were selected as 
potential factors in the occurrence of peri-operative compli-
cations (Table 4). On IPTW-adjusted multivariable analysis, 
BMI (OR = 1.06, 95% CI [1.02–1.12] p = 0.03), pre-opera-
tive hemoglobin (OR = 0.75, 95% CI [0.62–0.91] p = 0.003), 
and hilar location (OR = 1.89, 95% CI [1.00–3.56] p = 0.04) 
remained statistically significant predictors of peri-oper-
ative complications. However, only pre-operative hemo-
globin remained significant after adjustment for multiple 
comparisons.

Variables assessed in the analysis of recurrence or metas-
tasis are specified in Table 5. Positive surgical margins and 

Fig. 1   Estimated annual percent change for each surgical approach over the study period
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all-cause mortality were not analyzed in the multivariable 
models due to the low number of events available.

Survival outcomes

Figure 3a, b demonstrates the Kaplan–Meier analyses for 
overall survival and disease-free survival. The median 
follow-up time was approximately 15 months for RRN and 
20 months for LRN among malignant cases (p = 0.001) 
(Table  3). No difference was found in overall survival 
between groups (p = 0.06) (Fig. 3a); however, there was 
a higher disease-free survival among patients undergoing 
LRN (Fig. 3b).

On IPTW-adjusted CRM, surgical technique was not a 
risk factor for disease recurrence (Table 5).

Discussion

To the best of our knowledge, we report herein the larg-
est multi-center comparison between RRN and LRN to 
date. Although multiple studies have compared open and 
laparoscopic radical nephrectomy approaches [17–22], 
few have comparatively investigated robotic and laparo-
scopic techniques, and none have exclusively examined 
large renal masses on such a considerable scale [3, 7, 23, 
24]. Previous comparative studies in this field were done 

Table 1   Descriptive clinical 
characteristics of patients with 
renal masses who underwent 
robotic or laparoscopic radical 
nephrectomy

Bold values indicate statistically significant
Continuous variables as median (interquartile range), and categorical variables as number (%)

Overall (N = 941) Robotic (N = 404) Laparoscopic (N = 537) p value

Age (years) 63 (56–71) 62.3 (54.5–71) 63 (56–71) 0.4
BMI (kg/m2)
Missing = 69

27
(24.4–30.5)

27.6
(24.8–31.1)

26.5
(24.1–30)

0.006

Caucasian 478 (50.8%) 240 (59.4%) 238 (44.3%) < 0.001
Male 651 (69.2%) 278 (68.8%) 373 (69.5%) 0.9
Hypertension
Missing = 6

478 (50.8%) 219 (54.2%) 259 (48.2%) 0.09

Diabetes
Missing = 60

193 (20.5%) 98 (24.3%) 95 (17.7%) 0.1

CKD
Missing = 9

109 (11.6%) 31 (7.7%) 78 (14.5%) 0.001

ASA score < 0.01
 1 103 (10.9%) 26 (6.4%) 77 (14.3%)
 2 394 (41.6%) 144 (35.7%) 250 (46.6%)
 3 225 (23.8%) 137 (33.9%) 88 (16.4%)
 4 27 (2.9%) 22 (5.4%) 5 (0.9%)
 Unknown 197 (20.8%) 75 (18.6%) 117 (21.8%)

Clinical size (cm)
Missing = 17

8.6 (7.8–10.0) 8.55 (7.4–10.2) 8.6 (8.0–10.0) 0.1

Clinical stage 0.04
 cTx 26 (2.8%) 16 (4.0%) 10 (1.9%)
 cT2 745 (79.2%) 304 (75.2%) 441 (82.1%)
 cT3 165 (17.5%) 81 (20.0%) 84 (15.6%)
 cT4 5 (0.5%) 3 (0.7%) 2 (0.4%)

Clinical node stage 0.2
 cNx 128 (13.6%) 63 (15.6%) 65 (12.1%)
 cN0 754 (80.1%) 313 (77.5%) 441 (82.1%)
 cN1 59 (6.3%) 28 (6.9%) 31 (5.8%)

Metastatic < 0.001
 M0 721 (76.6%) 289 (71.5%) 432 (80.4%)
 M1 88 (9.4%) 54 (13.4%) 34 (6.3%)
 Mx 132 (14.0%) 61 (15.1%) 71 (13.2%)

Hilar location
Missing = 546

167 (17.7%) 111 (27.5%) 56 (10.4%) < 0.001
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on population-based datasets, which carry some intrinsic 
limitations, such as the lack of a more granular analysis of 
outcomes [3]. Therefore, we believe that our study findings, 
based on real-life data, can fill an existing literature gap and 
fuel further critical discussion.

Over the past decade, robotic technology has been largely 
adopted for those major urologic procedures requiring 
“reconstructive” steps, primarily radical prostatectomy, but 
also partial nephrectomy and pyeloplasty [25]. On the other 

hand, its implementation for purely extirpative procedures, 
such as radical nephrectomy or adrenalectomy, has remained 
more limited given a debatable advantage over standard lap-
aroscopy and concerns of higher costs [26].

First and foremost, it was interesting to note that over the 
14-year study period an increasing number of robotic proce-
dures were performed at participating centers. This mirrors 
findings from a recent trend analysis based on the Premier 
Health Care database, where Jeong et al. found that the use 

Fig. 2   Rates of key clinico-
pathologic characteristics 
associated with robotic and 
laparoscopic approaches

Table 2   Descriptive peri-
operative characteristics of 
patients with renal masses 
who underwent robotic 
or laparoscopic radical 
nephrectomy

Bold values indicate statistically significant
Continuous variables as median (interquartile range), and categorical variables as number (%)

Overall (N = 941) Robotic (N = 404) Laparoscopic (N = 537) p value

Hemoglobin change
Missing = 244

− 1.3
(− 2.1 to − 0.8)

− 1.5
(− 2.3 to − 0.8)

− 1.2
(− 1.9 to − 0.8)

0.01

eGFR change
Missing = 250

− 24
(− 36.5 to − 12)

− 16.4
(− 31.1 to − 6.6)

− 27.2
(− 40.3 to − 16)

< 0.001

Operative time (min)
Missing = 34

158
(113 to 210)

185
(150 to 237.2)

126
(90.5 to 180)

< 0.001

EBL (mL)
Missing = 27

100 (75 to 200) 100 (50 to 200) 100 (100 to 200) 0.3

Intra-operative transfusion
Missing = 14

43 (4.6%) 22 (5.4%) 23 (3.9%) 0.5

Intra-operative complications
Missing = 218

65 (6.9%) 30 (7.4%) 35 (6.5%) 0.4

Post-operative complications
Missing = 202

115 (12.2%) 61 (15.1%) 54 (10.1%) 0.3

Major complications 24 (2.6%) 14 (3.5%) 10 (1.9%) 0.5
Open conversion
Missing = 147

22 (2.3%) 12 (3%) 10 (1.9%) 0.2

Any complication
Missing = 82

167 (17.7%) 85 (21.0%) 82 (15.3%) 0.1

Length of stay (days)
Missing = 35

4 (2–6) 3 (2–4) 5 (4–7) < 0.001
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of robotic-assisted surgery was increased from 1.5% (39 of 
2676 RN procedures in 2003) to 27.0% (862 of 3194 RN 
procedures) in 2015 (p < 0.001) [3].

In the current study, we found that patients undergo-
ing RRN presented with higher BMI, higher rate of hilar 
tumors, and higher rate of metastatic disease and node 
involvement. Following resection, these patients were 
found to have a higher rate of positive margins as well as 
higher pathologic grade and stage. These differences sug-
gest that surgeons used the robot to manage those bulkier, 
more complex tumors posing a higher level of surgical risk. 
Interestingly, Leow et al. identified a similar trend in a large 

comparative meta-analysis of nearly 5000 patients under-
going nephron-sparing surgery [27]. They discovered that 
the robotic approach was more often associated with larger 
and more complex renal tumors. RRN not only facilitates 
management of larger and higher stage tumors [28], but has 
also demonstrated the feasibility and safety of performing 
associated challenging procedures such as inferior vena 
cava thrombectomy, additional partial organ excision, or 
extensive dissection of retroperitoneal lymph nodes—pro-
cedures that otherwise would likely be performed via an 
open approach [29]. Taken together, these findings can be 
explained by the unique features of the robotic platform 

Table 3   Descriptive pathologic 
characteristics of patients with 
renal masses who underwent 
robotic or laparoscopic radical 
nephrectomy

Bold values indicate statistically significant
Continuous variables as median (interquartile range), and categorical variables as number (%)

Overall (N = 941) Robotic (N = 404) Laparoscopic 
(N = 537)

p value

Pathologic size (cm)
Missing = 105

8.0 (7.2–9.7) 8.1 (7.0–10.0) 8.0 (7.5–9.5) 0.6

Histologic subtype 0.08
 Benign 32 (3.4%) 17 (4.2%) 15 (2.8%)
 Chromophobe 79 (8.4%) 34 (8.4%) 45 (8.4%)
 Clear cell 715 (76.0%) 300 (74.3%) 415 (77.3%)
 Lymphoma 2 (0.2%) 0 (0%) 2 (0.4%)
 Metastases 2 (0.2%) 0 (0%) 2 (0.4%)
 Mixed/other 17 (1.8%) 9 (2.2%) 8 (1.5%)
 Other 10 (1.1%) 5 (1.2%) 5 (0.9%)
 Papillary 76 (8.1%) 39 (9.7%) 37 (6.9%)
 Unknown 8 (0.8%) 0 (0%) 8 (1.5%)

Sarcomatoid differentiation
Missing = 239

60 (6.4%) 29 (7.2%) 31 (5.8%) 0.6

Positive margins
Missing = 68

34 (3.6%) 24 (5.9%) 10 (1.9%) 0.004

Tumor grade
Missing = 202

< 0.001

 High 362 (38.5%) 199 (49.3%) 163 (30.4%)
 Low 377 (40.1%) 152 (37.6%) 229 (41.9%)

Pathologic stage < 0.001
 pT1–2 572 (60.8%) 179 (44.3%) 397 (73.2%)
 pT3–4 342 (36.3%) 212 (52.5%) 130 (24.2%)
 pTx 27 (2.9%) 13 (3.2%) 14 (2.6%)

Pathologic nodes 0.008
 pN0 451 (47.9%) 184 (45.5%) 267(49.7%)
 pN1 32 (3.4%) 22 (5.4%) 10 (1.9%)
 PNx 458 (48.7%) 198 (49.0%) 260 (48.4%)

Follow-up (months)
Missing = 97

18 (6.3–37) 14.9 (6–34) 20.2 (7–43.2) 0.001

Follow-up recurrence (months)
Missing = 95

15.8 (5–36) 12 (3–27) 18 (6–40) < 0.001

Recurrence or metastases
Missing = 228

133 (14.1%) 79 (19.6%) 54 (10.3%) 0.01

Death
Missing = 176

55 (5.8%) 21 (5.2%) 34 (6.3%) 0.3
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that allow for improved surgical dexterity, range of move-
ment, three-dimensional visualization, tremor filtration, and 
motion scaling compared to pure laparoscopy [29].

Not surprisingly, the operative duration was significantly 
longer for RRN compared to LRN, with approximately 
60 min in increased median operative time (p < 0.001). This 

Table 4   Logistic regression 
models predicting any 
complications after laparoscopic 
vs. robotic radical nephrectomy 
(reference robotic radical 
nephrectomy)

Bold values indicate statistically significant
a IPTW was calculated with logistic multivariable regression model to predict the probability of undergo-
ing laparoscopic vs. robotic radical nephrectomy. Covariates were age, year of surgery, BMI, gender, ASA 
score, race, clinical T, N, and M stage

Variables Univariable model Multivariable model adjusted with 
IPTWa

Odds ratio (95% CI) p value Odds ratio (95% CI) Adjusted 
p value

Laparoscopic vs. robotic 0.75 (0.53–1.05) 0.09 1.81 (0.97–3.39) 0.2
Year of surgery 1.02 (0.96–1.08) 0.4
Age 1.01 (0.99–1.03) 0.08 –
Male vs. female 1.31 (0.90–1.95) 0.1 –
BMI 1.04 (1.01–1.07) 0.009 1.06 (1.01–1.12) 0.1
Diabetes 1.37 (0.90–2.04) 0.1 –
Hypertension 1.13 (0.81–1.59) 0.5 –
CKD 1.43 (0.86–2.30) 0.1 –
ASA score 1.45 (1.12–1.88) 0.004 1.06 (0.64–1.74) 1
Pre-operative HGB 0.84 (0.76–0.93) < 0.001 0.75 (0.62–0.91) 0.01
Pre-operative eGFR 0.99 (0.98–1.00) 0.1 –
pT3/4 vs. pT1/2 1.55 (1.08–2.19) 0.01 1.58 (0.81–3.08) 0.8
pTx vs. pT1/2 3.27 (1.33–7.74) 0.007 2.23 (0.33–15.28) 1
Pathologic size 1.00 (0.99–1.01) 0.3 –
Hilar location 2.20 (1.27–3.83) 0.005 1.89 (1.00–3.56) 0.2

Table 5   Cox regression models 
predicting recurrence after 
laparoscopic vs. robotic radical 
nephrectomy (reference robotic 
radical nephrectomy) for 
patients with malignant renal 
masses (only pT2M0 patients)

Bold values indicate statistically significant
a IPTW was calculated with logistic multivariable regression model to predict the probability of undergo-
ing laparoscopic vs. robotic radical nephrectomy. Covariates were age, year of surgery, BMI, gender, ASA 
score, race, and clinical T and N stage

Variables Univariable model Multivariable model adjusted with 
IPTWa

Hazard ratio (95% CI) p value Hazard ratio (95% CI) Adjusted 
p value

Laparoscopic vs. robotic 0.48 (0.23–0.98) 0.04 0.72 (0.28–1.81) 1
Year of surgery 0.91 (0.82–1.02) 0.09 –
Age 1.01 (0.97–1.04) 0.6 –
Male vs. female 1.54 (0.69–3.44) 0.3 –
BMI 1.02 (0.96–1.09) 0.5 –
Diabetes 0.81 (0.33–1.99) 0.7 –
Hypertension 1.51 (0.74–3.08) 0.2 –
CKD 1.27 (0.38–4.24) 0.7 –
ASA score 2.74 (1.58–4.74) < 0.001 1.58 (0.79–3.13) 0.8
Pre-operative HGB 0.72 (0.55–0.94) 0.01 0.71 (0.52–0.96) 0.1
Pre-operative eGFR 0.99 (0.98–1.02) 0.8 –
Pathologic size 1.00 (0.98–1.02) 0.8 –
Tumor grade low vs. high 0.58 (0.27–1.23) 0.1 –
Positive surgical margins 2.39 (0.32–17.91) 0.4 –
Hilar location 2.45 (0.58–10.29) 0.2 –
Any complication 2.19 (0.98–4.92) 0.05
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Fig. 3   Kaplan–Meier survival curves comparing robotic and laparoscopic approaches: unadjusted a overall and b disease-free survival analyses
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difference can be in part explained by robot docking, and in 
part by the fact that robotic cases presented more advanced 
disease. In the study by Jeong et al., there was a higher rate 
of prolonged operating time (> 4 h) for patients undergoing 
RRN (46.3% vs. 25.8%; risk difference, 20.5%), and this 
difference partially accounted for the higher cost attributed 
to robotics [3]. Interestingly, our open conversion rates of 
3% in RRN and 1.9% in LRN were significantly lower than 
the seemingly high rates identified by Jeong et al. (13.6% 
in RRN and 34.7% in LRN) [3]. This is likely attributable 
to our participating institutions being high volume referral 
centers with considerable minimal invasive surgery expertise 
compared to the national data set used by Jeong et al.

The nearly 20% peri-operative complication rate and 3% 
major complication rate were similar to previous studies 
characterizing minimally invasive radical nephrectomy [17, 
23, 24, 30–36]. Interestingly, there was no significant differ-
ence between the two approaches regarding peri-operative 
complication rates, even after accounting for potential con-
founding variables. Moreover, in all our analyses we relied 
on IPTW adjustment to reduce the inherent selection bias 
within retrospective cohorts. Remarkably, results after IPTW 
adjustment were consistent with the results after multivari-
able adjustment only.

In the multivariable model, baseline patient character-
istics, such as BMI, pre-operative hemoglobin levels, and 
hilar tumor location were found to be independent pre-
dictors of risk for peri-operative complications; however, 
only pre-operative hemoglobin levels remained significant 
after adjustment. The expected increased risk associated 
with decreased hemoglobin found in this study compares 
favorably with the increased risk of peri-operative blood 
transfusion, a peri-operative complication described by 
Abu-Ghanem et al. [37]. The analysis by Jeong et al. on a 
large health-care database also showed a similar rate of all 
post-operative complications and major complications, with 
no difference between surgical approaches [3]. Similarly, 
using SEER-Medicare data, Golombos et al. did not find 
any difference in major adverse events [38]. Also, Helmers 
et al. performed a single-center comparative analysis, and 
despite identifying higher rate of lymph node dissection, 
operative conversion, and EBL for RRN compared to LRN, 
they did not find differences in complication rates between 
approaches [7]. Nazemi et al. evaluated outcomes between 
open, laparoscopic, and robotic surgical approaches and 
reported similar median EBL, length of stay, and complica-
tion rates [8]. Although these studies offer details regarding 
patient and tumor characteristics, their limited sample size 
and single-center nature limit their generalizability.

The median hospital stay was shorter for RRN (3 ver-
sus 5 days; p < 0.001). Kates et al. also reported a shorter 
hospital stay for RRN compared with LRN (3.52 vs. 3.98, 
p = 0.049) in a cost analysis of hospital data from Maryland 

[39]. From a clinical standpoint, it is unlikely that the two 
procedures result in significant difference, and practice pat-
terns at participating institutions might have contributed 
to this finding. However, it can be speculated that shorter 
hospital stay in the RRN group could have translated into a 
lower overall cost in our study population. Indeed, this topic 
deserves further investigation.

Given the limited available follow-up (median 15 and 
20 months for RRN and LRN, respectively), an assessment 
of the oncologic outcomes did not represent a primary end 
point of our study. Additionally, the RRN group presented 
an overall higher positive margin rate (5.9% vs. 1.9%, 
p < 0.01). We suspect that this is likely to be related to the 
more advanced/progressed disease in that group; however, 
this could not be assessed with multivariable analysis due 
to the low number of these events available. Furthermore, 
after adjustment, surgical approach was not an independent 
predictive factor for disease recurrence.

Limitations of this study include its retrospective design; 
however, this was mitigated with use of IPTW. Although we 
did not assess the learning curve or surgeon/hospital experi-
ence, we adjusted our analysis for the year of surgery in an 
effort to address some of the disparities in surgeon expertise 
and practice patterns over time. As already mentioned, the 
median follow-up period in this study was relatively short 
and, consequently, further insight into valuable oncologic 
outcomes was necessarily limited. Finally, this study did not 
evaluate economic outcomes such as direct hospital costs 
and supply costs of these approaches which may represent 
a significant factor in adoption of surgical approach. In this 
regard, few studies have investigated this issue and have gen-
erally reported higher hospitals costs or charges for RRN, 
primarily using population-based analyses [3, 38–40]. How-
ever, a review of 150 nephrectomies from a single center 
revealed that RRN did not incur significantly higher costs 
than LRN if a robot was already available and fixed costs of 
the robot were excluded [41]. Additionally, decreased length 
of stay, which was observed here among RRN in our series, 
subsequently lowers the overall admission costs and thus 
may negate some of the higher costs associated with robotic 
surgery [3, 29]. Nevertheless, a specific cost analysis was 
beyond the scope of the current investigation. Certainly, this 
remains an issue requiring further scrutiny.

Conclusion

Herein, we report the largest known multi-center com-
parison between RRN and LRN. The present analysis of 
“real-life” data shows an increasing utilization of the robotic 
platform, which was associated with higher proportions of 
hilar and advanced tumors, with a similar morbidity profile 
to laparoscopic approach. The robotic approach may be a 
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reasonable option for tumors, which may not have been tack-
led via minimally invasive surgery; however, further study 
comparing an open approach is necessary. In centers where 
robotic technology is available, RRN certainly represents 
an additional tool in the surgical armamentarium. Ideally, 
further investigation should be pursued within the frame-
work of prospective randomized studies, incorporating a 
cost-effectiveness analysis.
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