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Abstract

Introduction and Objective: Robot-assisted radical nephrectomy (RRN) is increasingly utilized as an alterna-
tive to laparoscopic radical nephrectomy (LRN), but there are concerns over costs and objective benefit. In the
setting of very large renal masses (>10 cm), comparison between techniques is limited and it is unclear whether
a robotic approach confers any perioperative benefit over LRN or open radical nephrectomy (ORN). In this
study, perioperative outcomes of RRN, LRN, and ORN for very large renal masses are compared.
Methods: Using the National Cancer Database, patients were identified who underwent radical nephrectomy for
kidney tumors >10 cm diagnosed from 2010 to 2015. Patients were analyzed according to surgical approach.
Perioperative outcomes, including conversion to open, length of stay, readmission rates, positive surgical mar-
gins, and 30- and 90-day mortality were compared among cohorts.
Results: A total of 9288 patients met inclusion criteria (RRN = 842, LRN = 2326, ORN = 6120). Compared with
ORN, recipients of RRN or LRN had similar rates of 30-day readmission and 30- and 90-day mortality. Length
of hospital stay was significantly shorter in RRN (-1.73 days –0.19; p < 0.0001) and LRN (-1.40 days –0.12;
p < 0.0001) compared with ORN. LRN had a higher rate of conversion to open compared with RRN (odds ratio
1.48; 95% confidence interval 1.10–1.98; p = 0.0087). Conversion to open from RRN or LRN added 1.3 addi-
tional days of inpatient stay. Over the study period, RRN use increased from 4.1% to 14.8%, LRN from 20.9%
to 25.6%, whereas ORN use decreased from 75% to 59.6%.
Conclusions: Minimally invasive approaches are increasingly utilized in very large renal masses. RRN has
lower rates of conversion to open but produces comparable perioperative outcomes to LRN. Minimally invasive
approaches have a shorter length of inpatient stay but otherwise report similar surgical margin status, readmission
rates, and mortality rates compared with ORN.
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Introduction

S ince being introduced nearly 30 years ago, mini-
mally invasive radical nephrectomy is now more com-

monly performed than open radical nephrectomy (ORN).1,2

Over this period, it has been demonstrated that laparosco-
pic radical nephrectomy (LRN) has similar oncological out-
comes when compared with ORN, while providing improved
perioperative morbidity, blood loss, analgesia requirements,

and hospital length of stay.3,4 Since the introduction of robot-
assisted radical nephrectomy (RRN), multiple studies have
attempted to define its role in the management of renal
masses while recognizing its high hospital costs.5,6 Despite
its increased costs without proven benefit in perioperative or
oncologic outcomes, RRN continues to become increasingly
utilized in the United States.5

There are few studies investigating trends and outcomes
with minimally invasive techniques for very large renal
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masses >10 cm. ORN has remained the preferred approach
for these very large masses given the surgical complexity
and association with locally advanced or venous extension.7

However, given increasing utilization and comfort with lap-
aroscopic and robotic surgery for many urologic procedures,
including radical nephrectomy, we sought to determine the
role of minimally invasive approaches in these large renal
masses. In this study, we use the National Cancer Data Base
(NCDB) to compare the perioperative outcomes of ORN,
LRN, and RRN for large renal masses greater than 10 cm.

Methods

Data source

The NCDB is a facility-based, comprehensive cancer
registry, established in 1989 that captures *70% of all new
cancer diagnoses across the United States. The NCDB draws
data from over 1500 commission-accredited cancer programs
in the United States and Puerto Rico. The database is a joint
project of the American Cancer Society and the Commission
on Cancer (CoC) of the American College of Surgeons. No
Internal Review Board approval was required for this study.

Study population

We identified 20,790 patients ages 18 to 80 diagnosed with
renal cancer from 2010 to 2015 with renal masses >10 cm.
We sequentially excluded 8765 patients with stage cT3b-4
disease, 2152 patients who did not undergo radical neph-
rectomy, and 585 patients without defined surgical approach.
The final study population included 9288 patients (Fig. 1).

Patient characteristics

Demographic and clinical characteristics such as age at
diagnosis, sex, race/ethnicity, insurance status, facility type,
and comorbidity were extracted from NCDB data. Tumor
characteristics, including clinical and pathologic T stage,
tumor grade, histology, and tumor size were recorded. Patient
comorbidity was categorized as 0, 1, ‡2 according to NCDB
Charlson/Deyo comorbidity score. Pathologic stage was deter-
mined using the American Joint Committee on Cancer Staging
Manual edition in use at the time of diagnosis. Patient’s surgery
approach was categorized as RRN, LRN, and ORN.

Statistical analyses

Patient’s demographic and clinical characteristics by sur-
gical approach category were compared using the Chi-
squared test. Adjusted odds ratios (OR), their 95% confidence
intervals (CI), and p-values were calculated from multivari-
able logistic regression models to compare perioperative
outcomes, such as, risk of conversion to open, surgical mar-
gin status, 30-day readmission, and 30- and 90-day mortality.
A multivariate linear regression model was fitted for con-
tinuous outcome of length of inpatient stay in days. Multi-
variate analyses included all patient demographics, clinical,
and tumor characteristics. Subset analyses within the RRN
and LRN cohort were conducted in a similar manner to iden-
tify significant predictors of receipt of each surgical modality.
As a sensitivity analysis, patients in each cohort were pro-
pensity score matched on a 1:1 basis, based on the previously
described demographic-, clinical-, and tumor-level character-
istics. Outcomes were compared using the matched sample.

FIG. 1. Consort flow diagram.
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All statistical analyses were performed on SAS 9.4 (SAS
Institute Cary, NC). Statistical significance was set at p < 0.05,
using two-tailed tests.

Results

Patient characteristics

A total of 9288 patients met inclusion criteria (RRN = 842,
LRN = 2326, ORN = 6120). Of the included masses, 52.0%
measured 10.1 to 12.4 cm, 26.3% measured 12.5—to 14.9 cm,
and 21.7% measured >15.0 cm. The majority of masses were
clear cell renal cell carcinoma (53.3%) (Table 1).

Trends in surgical approach

Over the 6-year study period, RRN use increased from
4.1% to 14.8%, LRN from 20.9% to 25.6%, whereas ORN
use decreased from 75% to 59.6%. The percentage of ne-
phrectomies performed open was higher at community can-
cer programs than at academic programs, comprehensive
community cancer programs, or integrated network cancer
programs (71.2% vs 67.6%, 63.8%, 62.3%, respectively).
ORN use increased from 59.9% to 78% with increasing tu-
mor size (10–12.5, 12.5–15, ‡15 cm), whereas RRN decrea-
sed from 10.9% to 6.2% and LRN decreased from 29.2% to
15.7% (Fig. 2).

In the subset of RRN and LRN, compared with 2010, there
was an increasing likelihood to utilize RRN with each year
with significance being reached from 2012 to 2015 (OR 1.57
vs 2.04 vs 2.30 vs 3.10 [2012–2015]; p < 0.013). Compared
with community care programs, patients at integrated net-
work cancer programs were significantly more likely to un-
dergo RRN (OR 1.68; 95% CI 1.08–2.63). Compared with
patients with comorbidity score of 0, patients with comor-
bidity score ‡2 were significantly more likely to receive RRN
(OR 1.35; 95% CI 1.01–1.80). There was no difference with
respect to age at diagnosis, race/ethnicity, or insurance type
(Results not shown).

Conversion to open

LRN had a higher risk of conversion compared with RRN
(11.4% vs 7.7%; p = 0.0025) (Table 2). Compared with non-
Hispanic whites, non-Hispanic blacks were more likely to
covert to open (OR 1.66; 95% CI 1.19–2.32). There was no
significant difference between cohorts with respect to insur-
ance type, facility type, or comorbidity score. When compared
with tumor sizes 101 to 124 mm, patients with tumor size
>150 mm were more likely to convert to open (OR 1.65; 95%
CI 1.21–2.26). There was no significant difference with respect
to tumor grade or histology (Results not shown). Overall, LRN
was more likely to convert to open when compared with RRN
(OR 1.48; 95% CI 1.10–1.98) on multivariate analysis, which
was confirmed with the sensitivity analysis (Table 3).

Perioperative outcomes

On multivariate analysis, there was a significantly lower
positive margin rate in RRN and LRN when compared with
ORN (RRN: OR 0.75; 95% CI 0.56–0.99, LRN: OR 0.64;
95% CI 0.52–0.78). However, the difference in positive
surgical margin rates between cohorts did not reach statistical
significance on sensitivity analysis with propensity matching.
When compared with ORN, RRN and LRN had no significant

difference in 30-day mortality (RRN: OR 0.86; 95% CI 0.43–
1.75, LRN: OR 0.95; 95% CI 0.61–1.47) or 90-day mortality
(RRN: OR 0.89; 95% CI 0.58–1.37, LRN: OR 0.81; 95% CI
0.61–1.08). There was also no difference in 30-day read-
mission rates when RRN and LRN were compared with
ORN (RRN: OR 0.91; 95% CI 0.60–1.37, LRN: OR 0.81;
95% CI 0.61–1.07). On multivariate analysis, length of hos-
pital stay was significantly shorter in RRN (-1.73 days –0.19;
p < 0.0001) and LRN (-1.40 days –0.12; p < 0.0001) com-
pared with ORN. Conversion to open from RRN or LRN
added 1.3 additional days of inpatient stay (Table 3).

Sensitivity analysis

Following 1:1 propensity matching, 439 patients remained
in each cohort. Statistical analysis with propensity matching
supported the multivariate linear regression results of the
study cohort for associations in conversion to open, read-
mission, length of stay, and mortality. Positive surgical mar-
gins did not reach significance between open and minimally
invasive approaches (Table 3).

Discussion

Minimally invasive approaches for radical nephrectomy
continue to grow in popularity.5,8,9 The cohort examined in
this study not only corroborates these data, but also demon-
strates a similar trend in radical nephrectomies for very large
renal masses.

Few studies have specifically focused on the application of
minimally invasive techniques for removal of large masses,
and those exclusively investigating masses >10 cm have been
limited by small cohorts.10 A recent multi-institutional ret-
rospective analysis conducted by the ROSULA collaborative
group compared the perioperative outcomes between RRN and
LRN for ‡cT2 renal masses. This was the first study to com-
pare LRN to RRN for large masses on a large scale, however,
the masses observed ranged in size from 7.4 to 10.2 cm.11

Despite the increasing utilization of LRN and RRN for renal
masses measuring >10 cm, perioperative outcomes have yet to
be reported on the scale that they are within this study.

Between 2010 and 2015, use of LRN gradually decreased,
RRN increased, and ORN remained relatively stable for renal
masses of all sizes.5 In contrast, for masses >10 cm over the
same period, LRN was still increasingly utilized. Over the
study period, the proportion of large mass radical nephrec-
tomies completed with LRN increased by 4.7%. The propor-
tion of radical nephrectomies using RRN more than tripled
during the same period, increasing by 10.7%. This may
demonstrate a growing preference for RRN over LRN despite
higher cost.5

A well-documented barrier to wide implementation of
minimally invasive radical nephrectomy for larger tumors is its
perceived technical difficulty, particularly by surgeons who
have not received extensive training in minimally invasive
techniques.12,13 However, robotic surgery is known to have a
less significant learning curve, provide better visualization,
offer superior mechanical stabilization and allow for improved
ergonomics when compared with laparoscopic techniques.14,15

Features unique to the robotic platform, including the use
of the fourth arm and the articulation of endowrist instru-
ments may also help with more challenging nephrectomies.
These advantages may be a primary factor leading surgeons
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to increasingly prefer RRN over LRN when choosing a
minimally invasive technique, particularly for large masses,
which are often more technically complex to remove.16 Ad-
ditional possible contributing factors include growing em-
phasis on robotic surgery in urology residency/fellowship
curriculum and patient demand.17–20

Within this cohort, it is evident that ORN remains the pre-
ferred method for very large, operatively complicated mas-

ses. ORN was used with increased frequency as renal mass
size increased, with 78% of masses >15 cm being removed
with an open approach. While the advantages of robotic sur-
gery may ultimately have some benefit for large, surgically
complex masses, RRN for very large renal masses has only
recently become more common.21 Possible explanations for
this trend include continued advancement in robotic tech-
nology and the comfort level of robotic surgeons to perform

Table 1. Distribution of Patient and Tumor Characteristics by Surgical Approach

Total
(N = 9288)

Robotic assisted
(N = 842,

9.1%)

Laparoscopic
(N = 2326,

25.0%)

Open approach
(N = 6120.

65.9%)

pan (%) n (%) n (%) n (%)

Age at diagnosis 0.0042
18–44 936 (10.1) 59 (6.3) 236 (25.2) 641 (68.5)
45–54 2049 (22.1) 176 (8.6) 545 (26.6) 1328 (64.8)
55–64 3086 (33.2) 298 (9.7) 721 (23.4) 2067 (67.0)
65+ 3217 (34.6) 309 (9.6) 824 (25.6) 2084 (64.8)

Year of diagnosis <0.0001
2010 1381 (14.9) 56 (4.1) 289 (20.9) 1036 (75.0)
2011 1472 (15.8) 83 (5.6) 381 (25.9) 1008 (68.5)
2012 1492 (16.1) 113 (7.6) 388 (26.0) 991 (66.4)
2013 1524 (16.4) 144 (9.4) 384 (25.2) 996 (65.4)
2014 1672 (18.0) 188 (11.2) 437 (26.1) 1047 (62.6)
2015 1747 (18.8) 258 (14.8) 447 (25.6) 1042 (59.6)

Race/ethnicity 0.376
Non-Hispanic white 7152 (77.0) 674 (9.4) 1774 (24.8) 4704 (65.8)
Non-Hispanic black 1129 (12.2) 93 (8.2) 286 (25.3) 750 (66.4)
Hispanic 638 (6.9) 48 (7.5) 179 (28.1) 411 (64.4)
Asian/Pacific Islander 193 (2.9) 14 (7.3) 44 (22.8) 135 (69.9)
Others/unknown 176 (1.9) 13 (7.4) 43 (24.4) 120 (68.2)

Insurance <0.0001
Private insurance 4784 (51.5) 430 (9.0) 1209 (25.3) 3145 (65.7)
Medicare 3071 (33.1) 307 (10.0) 795 (25.9) 1969 (64.1)
Medicaid/other government 807 (8.7) 71 (8.8) 198 (24.5) 538 (66.7)
Not insured/unknown 626 (6.7) 34 (5.4) 124 (19.8) 468 (74.8)

Facility type <0.0001
Community cancer program 518 (5.6) 33 (6.4) 116 (22.4) 369 (71.2)
Comprehensive community cancer program 3182 (34.3) 269 (8.5) 882 (27.7) 2031 (63.8)
Academic/research program 3972 (42.8) 374 (9.4) 912 (23.0) 2686 (67.6)
Integrated network cancer program 1159 (12.5) 139 (12.0) 298 (25.7) 722 (62.3)
Unknown 457 (4.9) 27 (5.9) 118 (25.8) 312 (68.3)

Comorbidity score 0.0045
0 6776 (73.0) 580 (8.6) 1687 (24.9) 4509 (66.5)
1 1855 (20.0) 178 (9.6) 472 (25.4) 1205 (65.0)
‡2 657 (7.1) 84 (12.8) 167 (25.4) 406 (61.8)

Tumor grade 0.0384
I 275 (3.0) 27 (9.9) 72 (26.2) 176 (64.0)
II 2229 (24.0) 205 (9.2) 608 (27.3) 1416 (63.5)
III 3268 (35.2) 301 (9.2) 806 (24.7) 2161 (66.1)
IV 1604 (17.3) 128 (8.0) 363 (22.6) 1113 (69.4)
Unknown 1912 (20.6) 181 (9.5) 477 (24.9) 1254 (65.6)

Histology 0.1069
Other than clear cell 4336 (46.7) 401 (9.2) 1042 (24.0) 2893 (66.7)
Clear cell 4952 (53.3) 441 (8.9) 1284 (25.9) 3227 (65.2)

Tumor size (mm) <0.0001
101–124 4829 (52.0) 524 (10.9) 1411 (29.2) 2894 (59.9)
125–149 2439 (26.3) 192 (7.9) 597 (24.5) 1650 (67.7)
150+ 2020 (21.7) 126 (6.2) 318 (15.7) 1576 (78.0)

ap-Value from chi-squared test to test the difference of characteristics among three approach categories.
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more complex procedures.22 This may explain why academic
and integrated network cancer programs were more likely to
use RRN than community cancer programs.

On meta-analysis, LRN has demonstrated superiority to
ORN in both overall mortality and postoperative complica-
tions, but only for masses <7 cm.23 Similarly, in more limited
studies, RRN has been shown to have equivalent perioper-

ative outcomes and postoperative complication rates to
LRN.6,24 In our study of large masses, LRN and RRN were
statistically equivalent to ORN for all observed perioperative
outcomes with the exception of length of hospital stay, which
was significantly shorter for both LRN and RRN. Length of
stay for LRN and RRN was comparable. These results sug-
gest that both LRN and RRN can be successfully employed
for selected renal masses >10 cm, while allotting the patient
shorter recovery times.

The cost of procedures is often discussed as a shortcoming
of RRN when compared with LRN, given otherwise similar
perioperative results. However, conversion to ORN from a
minimally invasive radical nephrectomy has rarely been an-
alyzed on a significant scale.5,25 Helmers and colleagues
found that in a single institution cohort of 319 patients, with
masses of a median diameter of 5.5 cm, in years 2010 to 2014,
conversion to another approach was significantly higher for
RRN than LRN (11.1% vs 1.0%, p < 0.001), although the
authors noted that the majority of RRN conversions occurred
early in the surgeon’s robotic surgery experience.6

A recent meta-analysis of perioperative outcomes for
radical nephrectomy from Li and colleagues (mass median
diameter 5.6–8.7 cm) demonstrated similar rates of conver-
sion when comparing RRN and LRN (3.88% vs 1.60%,
p = 0.16).26 In this study, a contradictory observation was
made that conversion to open was more likely for LRN than
RRN (11.4% vs 7.7%; p = 0.0025). The cohort of surgeons
reported in this study may have been adequately robust and
diverse to account for a small number of RRN conversions

Table 2. Distribution of Outcomes by Surgical Approach

Total
(N = 9288)

Robotic assisted
(N = 842,

9.1%)

Laparoscopic
(N = 2326,

25.0%)

Open approach
(N = 6120,

65.9%)

pan (%) n (%) n (%) n (%)

Conversion to open approach 0.0025
No 2837 (89.6) 777 (92.3) 2060 (88.6) —
Yes 331 (10.4) 65 (7.7) 266 (11.4) —

Surgical marginb <0.0001
No residual tumor 8243 (90.3) 770 (92.3) 2145 (93.6) 5328 (88.7)
Yes 887 (9.7) 64 (7.7) 146 (6.4) 677 (11.4)

30-Day readmissionb 0.1083
No 8941 (96.5) 814 (96.8) 2257 (97.1) 5870 (96.2)
Yes 326 (3.5) 27 (3.2) 67 (2.9) 232 (3.8)

30-Day mortalityb 0.5721
Patient alive, or died more than

30 days after surgery performed
8977 (98.7) 814 (98.9) 2236 (98.8) 5927 (98.6)

Patient died 30 or fewer days after
surgery performed

122 (1.3) 9 (1.1) 27 (1.2) 86 (1.4)

90-Day mortalityb 0.0054
Patient alive, or died more than

90 days after surgery performed
8578 (96.0) 784 (96.8) 2157 (97.0) 5637 (95.5)

Patient died 90 or fewer days after
surgery performed

357 (4.0) 26 (3.2) 67 (3.0) 264 (4.5)

Surgical inpatient stay (days from surgery),
mean – SD

4.9 – 5.1 3.6 – 3.5 3.9 – 4.9 5.5 – 5.2 <0.0001

ap-Value from chi-squared test or analysis of variance test to test the difference of distribution of outcome among three approach
categories.

bA small percentage of missing due to unknown information.
SD = standard deviation.

FIG. 2. Trends in surgical approach 2010–2015. LRN =
laparoscopic radical nephrectomy; ORN = open radical
nephrectomy; RRN = robot-assisted radical nephrectomy.
Color images are available online.
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attributable to novice robotic surgeons overcoming the
learning curve of robotic surgery. It is also possible that
surgeons choosing LRN may be more prone to elect to con-
vert to ORN than those with a robotic setup. However, with
advancing robotic technology, RRN may offer particular
benefit for large masses, leading to the trend observed in this
study and explaining the difference in results from studies of
masses of smaller median diameter. In other surgical fields,
laparoscopic surgery has also been shown to have a greater risk
of conversion than robotic surgery and conversion has been
shown to substantially increase the cost of surgery.27,28 In-
creased cost associated with conversion is partially due to the
associated increased length of hospital stay.29 On average,
conversion to open resulted in an additional 1.3-day hospital
stay, which was similar to the average length of stay for ORN.
There is evidence to suggest that the cost discrepancy between
RRN and LRN may not be as significant as previously
thought.6,26 Future cost analysis could further justify these
findings by determining if the discrepancy in conversion rate
between LRN and RRN in large renal masses specifically is
considerable enough to offset the higher base cost of RRN.

Limitations

Retrospective studies that utilize large national databases
offer robust sets of real-world data but are inherently limited
in several ways.30 While randomized study designs would be

more ideal to limit selection bias, it is technically difficult and
expensive to conduct studies for relatively rare, high-stakes
treatments. In this study, several specific shortcomings
should be appreciated. First, no cost-based analysis was con-
ducted as a part of this study, which has been one of the key
points of differentiation when comparing LRN to RRN in
recent literature.5,6 Additionally, the NCDB did not allow for
the analysis of certain parameters that have been reported
by other studies comparing radical nephrectomy approaches,
including nephrometry scores, reason for conversion, blood
loss volumes, and operation times.6,11 The NCDB also lacks
granular details about tumor complexity. Ideally, information
on specific surgical technique (e.g., hand-assisted laparos-
copy), tumor characteristics beyond basic staging, and long-
term oncologic outcomes would allow surgical approaches to
be compared with a more complete clinical picture. Due to
the inherent limitations of this study, all statistically derived
conclusions require further study for confirmation. Despite
these clear limitations, the study offers valuable insight into
the perioperative outcomes of a rarely examined subset of
renal masses.

Conclusion

Minimally invasive approaches are increasingly utilized
for very large renal masses. In selected patients, LRN and
RRN can be performed as safely as ORN for renal masses

Table 3. Comparison of Perioperative Outcomes

Multivariate cohort (N = 9288) Propensity score matched sample (N = 1317)

Adjusted
odds ratio

95% Confidence
interval pa Odds ratio

95% Confidence
interval pa

Surgical margin positive
Open approach 1.00 — — 1.00 — —
Robot assisted 0.75 0.56 0.99 0.0443 0.74 0.47 1.18 0.2079
Laparoscopic 0.64 0.52 0.78 <0.0001 0.64 0.39 1.03 0.0663

30-Day readmission
Open approach 1.00 — — 1.00 — —
Robot assisted 0.91 0.60 1.37 0.6418 1.18 0.53 2.67 0.6835
Laparoscopic 0.81 0.61 1.07 0.143 1.38 0.63 3.03 0.4276

30-Day mortality
Open approach 1.00 — — 1.00 — —
Robot assisted 0.86 0.43 1.75 0.6809 1.26 0.34 4.72 0.7331
Laparoscopic 0.95 0.61 1.47 0.8033 1.54 0.43 5.48 0.5086

90-Day mortality
Open approach 1.00 — — 1.00 — —
Robot assisted 0.89 0.58 1.37 0.5943 1.20 0.57 2.53 0.6303
Laparoscopic 0.81 0.61 1.08 0.145 0.76 0.33 1.75 0.5193

Conversion to openb

Robot assisted 1.00 — — 1.00 — — —
Laparoscopic 1.48 1.10 1.98 0.0087 1.82 1.13 2.93 0.0143

Estimate Standard error Estimate Standard error

Surgical inpatient stay (days from surgery)
Open approach 1.00 — — 1.00 — —
Robotic assisted -1.73 0.19 <0.0001 -1.80 0.28 <0.0001
Laparoscopic -1.40 0.12 <0.0001 -1.82 0.28 <0.0001

ap-Value from logistic regression or linear regression models for the odds ratio or parameter estimate. Analysis for multivariate cohort
adjusted for all demographic and clinical characteristics in Table 1.

bAmong subset of robot-assisted or laparoscopic approaches.
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>10 cm. After adjusting for covariates, RRN has lower rates
of conversion to open but produces comparable perioperative
outcomes to LRN. LRN and RRN both resulted in signif-
icantly shorter length of inpatient hospital stay but are
otherwise equivalent to ORN for all other perioperative
outcomes. RRN may offer technical advantages that allow it
to be more easily implemented for very large, technically
complex, renal masses than LRN, while still offering the
benefits of minimally invasive surgery.
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