
CUAJ • September-October 2014 • Volume 8, Issues 9-10
© 2014 Canadian Urological Association

Vincent Trudeau, MD;* Giorgio Gandaglia, MD;*† Jonas Shiffmann, MD;*§ Ioana Popa, MD;* 
Shahrokh F. Shariat, MD;¥ Francesco Montorsi, MD;† Paul Perrotte, MD, FRCSC;£ 

Quoc-Dien Trinh, MD, FRCSC;± Pierre I. Karakiewicz, MD, FRCSC;*£ Maxine Sun, BSc*

Vincent Trudeau and Giorgio Gandaglia are co-first authors for this paper. 

*Cancer Prognostics and Health Outcomes Unit, University of Montreal Health Centre, Montreal, QC; †Department of Urology, Vita-Salute, San Raffaele University Milan, Italy; §Martini-Clinic, Prostate 
Cancer Center Hamburg-Eppendorf, Hamburg, Germany; ¥Department of Urology, Medical University of Vienna, Vienna, Austria; £Department of Urology, University of Montreal Health Centre, Montreal, QC; 
±Department of Surgery, Division of Urology, Brigham and Women’s Hospital/Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA

Cite as: Can Urol Assoc J 2014;8(9-10):e695-701. http://dx.doi.org/10.5489/cuaj.2051
Published online October 22, 2014.

Abstract

Introduction: We compared short-term outcomes and costs 
between robotic-assisted nephroureterectomy (RANU) and laparo-
scopic radical nephroureterectomy (LNU) in a large population-
based cohort of patients with upper-tract urothelial carcinoma 
(UTUC).
Methods: Overall, 1914 patients with UTUC treated with RANU 
or LNU between 2008 and 2010 within the Nationwide Inpatient 
Sample were abstracted. Propensity-score matching was performed 
to account for inherent differences between patients undergoing 
RANU and LNU. Multivariable logistic regression models were 
fitted to compare postoperative complications, blood transfusions, 
prolonged length of stay, and costs between the 2 procedures.
Results: Overall, a weighted estimate of 1199 (62.6%) and 715 
(37.4%) patients received LNU and RANU, respectively. In multi-
variable analyses no significant differences were observed in pos-
toperative transfusion and length of stay between the 2 surgical 
approaches (all p > 0.1). However, patients undergoing RANU 
were less likely to experience any complications compared to their 
counterparts undergoing LNU (p = 0.04). The utilization of RANU 
was associated with substantially higher costs compared to the 
laparoscopic approach. Our study is limited by its retrospective 
nature and the lack of adjustment for tumour stage and grade.
Conclusions: Our results support the safety and feasibility of RANU 
for the treatment of UTUC. Indeed, the use of the robotic approach 
was associated with lower probability of experiencing perioperative 
complications compared to LNU. On the other hand, the utiliza-
tion of RANU is associated with higher costs compared to LNU. 

Introduction 

Upper-tract urothelial carcinoma (UTUC) accounts for about 
5% of all urothelial carcinomas.1 According to treatment 
guidelines, radical nephroureterectomy (RNU) represents the 
treatment of choice for localized disease.2 Based on equal 
efficacy and easier convalescence compared to the open 
procedure, many urologists have advocated minimally inva-
sive approaches as the standard of care.2,3 In this context, 
laparoscopic nephroureterectomy (LNU) and robotic-assist-
ed nephroureterectomy (RANU) are available; the robotic 
approach is being increasingly adopted for several other 
urologic malignancies.4 That being said, there is little data 
evaluating the safety and feasibility of RANU.5 To date, only 
few retrospective studies have been published, with limited 
sample size (ranging from 11 to 43), originating from tertiary 
referral centres, where results may not be representative of 
the American population at large.6-11

In the face of such little data, we wanted to examine 
short-term outcomes of RANU compared with LNU using 
a large contemporary cohort of patients representative of 
the United States population. Specifically, we focused on 
perioperative complications, blood transfusions, prolonged 
length of stay, in-hospital mortality and hospitalization costs. 

Methods 

Data source 

Data from 2008 to 2010 from the U.S. Healthcare Cost 
and Utilization Project (HCUP) Nationwide Inpatient Sample 
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(NIS) database were abstracted. The NIS is a 20% stratified 
probability sample that encompasses about 8 million acute 
hospital stays per year from 1045 hospitals in 46 states. 

Sample population and surgical procedures 

Patients with a primary diagnosis of renal pelvis neoplasm 
and ureter neoplasm were identified using the International 
Classification of Disease 9th revision, clinical modification 
(ICD-9-CM) diagnostic code: 189.1 and 189.2. Hospital sam-
pling weights were used to estimate the total number of these 
procedures performed in the United States. Patients aged 
<18 years and those with missing age or hospital informa-
tion were removed from the analyses (n = 147). Secondary 
diagnosis codes (ICD-9-CM 197.0, 197.7 and 198.x) were 
used to identify and exclude from our analyses patients 
with metastases. Relying on the ICD-9 procedure codes, 
patients who underwent RNU (code: 55.51) were abstract-
ed. Subsequently, LNU and RANU were distinguished from 
open RNU via current procedure codes for laparoscopic and 
robot-assisted exploration (54.21 and 17.4x, respectively). 
Since the specific robotic-assisted modifier code was intro-
duced on October 1, 2008, we restricted our analyses to 
patients diagnosed between October 2008 and December 
2010. For the purpose of our analyses, we evaluated exclu-
sively patients undergoing LNU or RANU. This resulted in 
a final population of 1914 patients. 

Patient characteristics 

For each patient, age at surgery, gender, race (white, black, 
other, unknown), and year of surgery were considered. 
Baseline Charlson Comorbidity Index (CCI) was calculat-
ed according to Charlson and colleagues,12 and adapted 
according to Deyo and colleagues (0 vs. 1 vs. ≥2).13 Patient 
insurance status was grouped as Medicare, Medicaid, private 
and other (including unknown insurance status). 

Hospital characteristics 

Hospital characteristics included hospital region and hos-
pital teaching status, both of which were obtained from the 
American Hospital Association Annual Survey of Hospitals 
and defined by the U.S. Census Bureau.6 Hospital region 
included Northeast, Midwest, South and West. A hospital 
was considered a teaching hospital if it had an American 
Medical Association approved residency program, was a 
member of the Council of Teaching Hospitals, or had a ratio 
of 0.25 or higher of full-time equivalent interns and resi-
dents-to-non-nursing home beds.14 Annual hospital caseload 
was defined according to the number of RNU performed 
annually as previously described.15

Outcomes 

ICD-9 codes were used to define complications, as previous-
ly described.16 We recorded specific ICD-9 complications 
(Table 1). We defined prolonged length of stay according 
to the median length of hospitalization as observed in the 
overall population before propensity-score matching (greater 
than 4 days). Total hospitalization costs were estimated from 
the NIS charge-to-cost converter and then adjusted to 2013 
U.S. dollars.17 Data on the costs were available for 1209 
out of 1914 patients (63.2%). A higher cost incurred during 
hospitalization was defined using the 75th percentile hos-
pital costs in the entire population ($23 510).18

Statistical analysis 

Descriptive statistics focused on frequencies and proportions 
for categorical variables. Means, medians, and ranges were 
reported for continuously coded variables. The independ-
ent t-test and Chi-square test were used to compare statis-
tical significance of differences in means and proportions, 
respectively. 

Our statistical approach consisted of different steps. First, 
due to inherent differences between patients undergoing 
RANU and LNU, an adjustment was performed using 1 to 1 
propensity-score matching. This methodology is commonly 
used in observational studies to select control subjects who 
are matched with treated subjects on the controlled back-
ground covariates, which, if uncontrolled for, might lead 
to biased estimates of treatment effects. When matching 
is performed, the covariates of the control and treatment 
groups are balanced to reduce possible biases to a min-
imum.19 Propensity scores were computed by modelling a 
logistic regression with the dependent variable as the odds 

Table 1. International Classification of Diseases, ICD-9 
codes recorded 

Disease type Code
Intraoperative ICD-9 code: 998.2

Urinary ICD-9 code: 997.5

Digestive ICD-9 code: 997.4

Respiratory ICD-9 codes: 512.1; 997.3

Hemorrhagic ICD-9 codes: 998.11; 998.12

Cardiac ICD-9 code: 997.1

Infectious ICD-9 code: 998.59

Vascular ICD-9 codes: 997.2; 999.2

Seromas ICD-9 codes: 998.13; 998.51

Wound complications ICD-9 codes: 998.3; 998.83

Others ICD-9 codes: 998.4; 999.8

Transfusions of packed cells or 
previously collected autologous 
blood 

ICD-9 codes: 99.02; 99.04

ICD: International Classification of Diseases.
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of undergoing RANU, and the independent variable as age at 
surgery, gender, race, CCI, hospital region, hospital teaching 
status, and insurance status. Subsequently, covariate bal-
ance between the matched groups were examined.20 Finally, 
multivariable generalized estimating equations (GEE) models 
were performed to assess the impact of the surgical approach 
(RANU vs. LNU) on perioperative outcomes and hospitaliza-
tion costs, after accounting for age, gender, race, CCI, insur-
ance status, hospital location, region, and teaching status.3

All tests were 2-side, with statistical significance set at 
p < 0.05. The Chi-square and Mann-Whitney test were used 
to assess differences in proportions and medians, respective-
ly. All statistical tests were performed using the R statistical 
package (v2.15.2) or SPSS version 20 (SPSS, Chicago, IL). 

Results 

Baseline characteristics 

Between October 2008 and December 2010, a weighted 
estimate of 1914 patients underwent LNU or RANU with-
in the NIS (Table 2). Specifically, 1199 (62.6%) and 715 
(37.4%) patients underwent LNU and RANU, respectively 
(Fig. 1). The use of RANU significantly increased over the 
study period. Specifically, RANU was 17% of all minimally-
invasive cases in the last 3 months of 2008 and increased 
to 48% of all cases in the last 3 months of 2010 (p = 0.03). 

With respect to sociodemographic characteristics, RANU 
patients were significantly younger (mean age 70.7 vs. 72.2 
years) and healthier (CCI ≥2: 13.9 vs. 8.3%, both p ≤ 0.01, 
Table 2) than their LNU counterparts, respectively. Moreover, 
men (63.1% vs. 58.0%, p = 0.03) were more frequently 
treated with RANU. There were also statistically significant 
differences in the use of RANU according to ethnicity and 
insurance status (all p ≤ 0.003). With respect to hospital 
characteristics, RANUs were more frequently performed 
at hospitals with a high hospital volume (3rd tertile, 43.5 
vs. 26.8%, p < 0.001), a teaching status (82.0 vs. 63.5%, 
p < 0.001) and, surprisingly, in a rural setting (7.3 vs 3.0%,
p < 0.001). Moreover, RANUs were more often performed 
in the Midwest (41.8 vs. 28.9%, p < 0.001) than LNUs. 
Following propensity-score matching, 735 LNU patients 
were matched to 715 RANU patients and all standardized 
mean differences of patient characteristics between the 2 
groups were <10%, indicating a high degree of similarity in 
the distribution of both populations. All subsequent analyses 
were based on the post-propensity matched cohort.

Overall complications and hospitalization costs 

Overall complications occurred less frequently in patients 
treated with RANU compared to LNU (11.9% vs. 18.2%, 
respectively; p < 0.001, Table 3). For example, digestive 
complications occurred in 7.4% in patients treated with 
RANU compared to 11.0% in patients treated with LNU 

Fig. 1. Use of laparoscopic radical nephroureterectomy (LNU) and robot-assisted radical nephroureterectomy (RANU) in patients with upper tract urothelial 
carcinoma (UTUC) included within the Nationwide Inpatient Sample (NIS) database between October 2008 and December 2010.



(p = 0.02). No statistically significant differences were 
observed between RANU and LNU in the rates of blood 
transfusions (13.0% vs. 14.1%) and average length of stay 
(5.60 vs. 5.83 days, all p ≥ 0.5). However, patients treated 
with RANU had a lower rate of prolonged length of stay than 
LNU patients (39.9 vs. 49.0%, p < 0.001), as well as a lower 
rate of in-hospital mortality (0.0% vs. 1.4%, p = 0.002), 
respectively. Finally, the mean costs of hospitalization were 
significantly higher in patients treated with RANU compared 
to LNU ($23 235 vs. $17 637, respectively, p < 0.001). 

Multivariable GEE analyses 

After adjusting for all covariates and hospital clustering, 
patients undergoing RANU were significantly less likely to 
have any complication during hospitalization compared to 
those receiving LNU (odds ratio [OR]: 0.54, 95% confidence 
interval [CI]: 0.30-0.98; p = 0.04, Table 4). However, no sta-
tistically significant differences were observed with respect 
to blood transfusions and prolonged length of stay (both 
p ≥ 0.1). Finally, patients undergoing RANU procedures had 

a 4.1-fold risk of higher costs incurred during hospitaliza-
tion (p = 0.02). 

Discussion 

Nephroureterectomy is the standard of care for UTUC. In 
the early 1990s, LNU was introduced.21 Compared to open 
nephroureterectomy, the LNU procedure is associated with 
fewer morbidities, shorter convalescence period,3 and com-
parable cancer control outcomes,22 which has rendered the 
approach the preferred treatment by many academic hospi-
tals with high volume.3

In the last 10 years, robotic surgery has emerged as an 
alternative minimally invasive surgical treatment for many 
malignancies, including urological cancers.4,23-25 In prostate 
cancer, robotic-assisted radical prostatectomy has overtaken 
the traditional open approach: 64% vs. 36% as of the year 
2009, respectively.25 In kidney cancer, robotic-assisted par-
tial nephrectomy has also generated considerable interest, 
given its less prohibitive learning curve compared to the 
laparoscopic approach.24 Similarly, RANU has gained con-
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Table 2. Baseline characteristics of patients with upper-tract urothelial carcinoma stratified by surgical approach (LNU vs. 
RANU Nationwide Inpatient Sample 2008-2010

Before propensity-score matching After propensity-score matching

Characteristics
LNU

(n = 1199; 
62.6%)

RANU
(n = 715; 
37.4%)

Standardized 
mean 

difference
p value†

LNU
(n = 735; 
50.3%)

RANU
(n = 715; 
49.7%)

Standardized 
mean 

difference
p value†

Age
  Mean (median)
  IQR

72.2 (75.0)
65.0-80.0

70.7 (73.0)
62.0-80.0

11.1 0.005 70.6 (74.0)
63.0-79.0

70.7 (73.0)
62.0-80.0

5.7 0.951

Gender, n (%)
  Male
  Female

695 (58.0)
504 (42.0)

451 (63.1)
264 (36.9)

11.2 0.030 440 (59.9)
295 (40.1)

451 (63.1)
264 (36.9)

7.0 0.215

CCI, n (%)
  0
  1
  ≥2

627 (52.3)
405 (33.8)
167 (13.9)

434 (60.7)
222 (31.0)
59 (8.3)

21.7 <0.001
427 (58.1)
233 (31.7)
75 (10.2)

434 (60.7)
222 (31.0)
59 (8.3)

7.4 0.376

Race, n (%)
  White
  Black
  Other
  Unknown

877 (73.1)
15 (1.3)
113 (9,4)
194 (16.2)

524 (73.3)
22 (3.1)
39 (5.5)

130 (18.2)

3.0 0.001
540 (73.5)
15 (2.0)
62 (8.4)

118 (16.1)

524 (73.3)
22 (3.1)
39 (5.5)

130 (18.2)

3.4 0.069

Insurance status, n (%)
  Medicare
  Medicaid
  Private
  Other

836 (69.7)
30 (2.5)

303 (25.3)
30 (2.5)

469 (65.6)
33 (4.6)

179 (25.0)
34 (4.8)

7.7 0.003
476 (64.8)
30 (4.1)

209 (28.4)
20 (2.7)

469 (65.6)
33 (4.6)

179 (25.0)
34 (4.8)

1.3 0.118

Hospital teaching status, n (%)
  Non-teaching
  Teaching

438 (36.5)
761 (63.5)

129 (18.0)
586 (82.0)

53.5 <0.001 130 (17.7)
605 (82.3)

129 (18.0)
586 (82.0)

1.8 0.891

Hospital region, n (%)
  Northeast
  Midwest
  South
  West

291 (24.3)
347 (28.9)
362 (30.2)
199 (16.6)

167 (23.4)
299 (41.8)
187 (26.2)
62 (8.7)

23.7 <0.001
225 (30.6)
217 (29.5)
216 (29.4)
77 (10.5)

167 (23.4)
299 (41.8)
187 (26.2)
62 (8.7)

0.8 <0.001

LNU: laparoscopic nephroureterectomy; RANU: robot-assisted nephroureterectomy; IQR: Interquartile range; CCI: Charlson Comorbidity Index: †Chi-square and Mann-Whitney for proportions 
and medians, respectively.
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siderable interest in recent years for treatment of UTUC. 
RANU is associated with non-inferior morbidity and hos-
pitalization after surgery, compared to LNU or open neph-
roureterectomy. For example, Hemal and colleagues, in a 
single-centre series with 15 patients, showed no complica-
tions following RANU and a mean hospital stay of 2.73 
days.8 Similarly, Pugh and colleagues, in a multi-institutional 
study with 43 patients, showed a 14% complication rate 
following RANU and a median of hospital stay of 3 days.6

While such studies are undoubtedly meaningful and 
informative, all such reports were based on a small number 
of patients treated at tertiary care centres, where the feas-
ibility of the procedure may be greatly different in the com-
munity. Furthermore, given the rarity of UTUC, it is unlikely 
that a randomized trial comparing RANU to the standard 
approach or LNU will ever be conducted in upcoming years. 
Therefore, large population-based assessments are needed 
to complement existing data from centres of excellence to 
confirm the safety and feasibility of RANU. It is under this 
context that we sought to evaluate short-term outcomes after 
RANU relative to LNU. These outcomes include overall 
complications, the rates of blood transfusions, length of hos-
pitalization, as well as in-hospital mortality. In addition, we 
focused on the costs during hospitalization between RANU 
and LNU, as it has been adequately described in the litera-
ture that novel technologies that are marketed intensively are 
frequently associated with increased cost.26,27 Therefore, our 
goal was to compare in-hospital morbidity and mortality, as 
well as hospitalization costs between RANU and LNU in a 
national cohort of persons with UTUC treated in the United 
States. To to reduce to a minimum the potential effect of 
selection bias, we matched baseline patient and hospital 
characteristics of both treatment groups using a propensity-
score methodology. 

In the current study, our results demonstrated that RANU 
was associated with fewer complications after surgery than 
LNU-treated patients, and non-different hospitalization per-
iod and blood transfusion rates. Furthermore, our data appear 
to suggest lower in-hospital mortality for RANU compared 
to LNU. These trends remained true even after adjusting 
for known confounders, including hospital clustering. It has 
been previously stated that robotic-assisted approach offers 
several advantages, including 3-dimensional visualization, 
increased freedom of instrument movement, and enhanced 
ergonomics and surgeon comfort, all of which could con-
tribute to lower intra- and postoperative outcomes compared 
to alternative treatments.4 On the other hand, it could be 
speculated that LNU remains technically more complex than 
RANU,28 which could result in seemingly higher complica-
tion rates, despite adjustment for hospital clustering. 

safety and feasibility of robot-assisted nU for UTUc

Table 3. Postoperative complications and cost stratified by surgical approach (laparoscopic nephroureterectomy [LNU] vs. 
robot-assisted nephroureterectomy [RANU]) for patients included in the Nationwide Inpatient Sample between 2008-2010

After propensity score matching

Outcomes LNU (n = 735) RANU (n = 715) Overall (n = 1450) p value
Overall complications (%) 134 (18.2) 85 (11.9) 219 (15.1) 0.001

Transfusions (%) 104 (14.1) 93 (13.0) 197 (13.6) 0.5

Length of Stay, days

  Mean (median)
  IQR

5.83 (4)
(3-6)

5.60 (4)
(3-6)

5.71 (4)
(3-6)

0.57#

Length of stay >4 days&(%) 360 (49.0) 285 (39.9) 645 (44.5) <0.001

Cost, $*

Mean (median)
IQR

17 637 (15 531)
(12 532-19 187)

23 235 (20,959)
(14 268-26,979)

20 236 (16 725)
(12 935-24 334)

<0.001#

Higher cost incurred during hospitalization (%)** 75 (14.9)* 162 (37.9)* 237 (25.5)* <0.001

In-hospital mortality 10 (1.4) 0 (0.0) 10 (0.7) 0.002
&Defined as greater than the median length of stay in the pre propensity-score population (4 days); #Independent t-test for equality of means; *519 cases missing after matching. Values are 
rounded to the dollar and adjusted for U.S. 2013 inflation; **Defined as costs more or equal to the 75th percentile in the pre propensity-score population ($23,510). IQR: interquartile range; LNU: 
laparoscopic nephroureterectomy; RANU: robot-assisted nephroureterectomy.

Table 4. Generalized estimating equations for 
postoperative complications and costs stratified by 
surgical approach (laparoscopic nephroureterectomy [LNU] 
vs. robot-assisted nephroureterectomy [RANU]) for patients 
included in the Nationwide Inpatient Sample between 
2008-2010

After propensity score 
matching

Outcomes
RANU vs. LNU OR 

(95% CI)
p value

Postoperative complications 0.54 (0.30-0.98) 0.04

Transfusions 1.04 (0.51-2.10) 0.9

Length of stay >4 days 0.62 (0.36-1.09) 0.1

Higher cost incurred during 
hospitalization*

4.12 (1.69-10.07) 0.02

LNU: laparoscopic nephroureterectomy; RANU: robot-assisted nephroureterectomy; OR: 
odds ratio, 95% CI : 95% confidence interval; *519 cases missing after matching. All models 
adjusted for age at surgery, gender, race, Charlson comorbidity index, insurance status, 
hospital location, region, and teaching status, as well as hospital clustering.



Whereas complication rates were more favourable for 
RANU, the latter was associated with substantially higher 
hospital costs. For example, 38% of the hospitalizations 
for RANU generated costs above the 75th percentile of the 
pre-propensity score population compared to 15% for hos-
pitalization for LNU (p < 0.001). It is not surprising that the 
robotic-assisted approach is more costly than other avail-
able alternatives. Previous authors have also noted such 
increased costs for robotic-assisted prostatectomies.4,25,29

Specifically, in the urologic setting, Yu and colleagues 
showed that robotic surgery was associated with higher costs 
compared to both the laparoscopic and open approaches.4

Unfortunately, most studies looking at perioperative costs 
associated with minimally invasive surgical approaches are 
limited to in-hospital stays. Consequently, a positive impact 
on savings after hospital discharge due to better in-hospital 
outcomes may be missed. For example, Lowrance and col-
leagues, in a population-based analysis of costs associated 
with hospitalization and 1 year postoperative care following 
minimally invasive and open prostatectomy, found no sta-
tistically significant difference in total mean costs between 
both procedures, after controlling for cofounding biases.30

Further studies relying on sophisticated decision model-
ing are needed to better delineate the difference in costs 
between procedures at long-term follow-up. 

Utilization rate of RANU to treat UTUC achieved a 
remarkable jump from a mere 17% in 2008 to nearly 50% 
in 2010. This trend is comparable to the use of robotics in 
other malignancies.23,24 Robotic-assisted prostatectomy rep-
resents a noteworthy example of this phenomenon, where 
the utilization rate between 2005 and 2008 jumped by 60%, 
albeit with a decreasing incidence of prostate cancer.27 The 
trends observed for RANU are most likely attributed to the 
aggressive marketing strategies and patient expectations, 
despite limited level 1 evidence efficacy data supporting its 
comparative effectiveness relative to traditional treatment 
modalities.

Our results support the safety and feasibility of RANU 
relative to LNU in patients with UTUC. Indeed, RANU was 
associated with fewer in-hospital complications relative to 
LNU. However, the current analyses also suggest that the 
robotics approach is linked to non-negligible higher costs 
of resources during hospitalization. In this aspect, a more 
detailed analysis on the long-term costs and savings of 
RANU compared to alternative treatments may be necessary. 

Several study limitations are worth mentioning. First, our 
results are limited by their retrospective nature. However, 
with the lack of prospective randomized trials assessing the 
safety and feasibility of RANU, retrospective observations 
from large population-based cohorts provide the higher level 
of evidence. Second, disease characteristics such as tumour 
stage and grade are not recorded in the NIS. Consequently, 
we cannot exclude that patients receiving a robotic approach 

represent individuals with less aggressive disease. On the 
other hand, the impact of disease aggressiveness on perio-
perative outcomes is controversial. Additionally, propensity-
score matching was applied to account for differences in 
the baseline characteristics of patients treated with LNU or 
RANU. Third, another limitation of the NIS data is the lack 
of consistent surgeon identification. Accordingly, we were 
unable to adjust for the effect of surgeon volume and/or the 
learning curve. Fourth, because there were few complica-
tions in each category, we could not demonstrate specific 
complication rates. This is in accordance with the NIS con-
fidentiality guidelines, which state that all cell numbers less 
than or equal to 10 should not be reported.  inally, several 
sets of codes have been reported to identify complications in 
population-based cohorts. We relied on a set of ICD-9 codes 
previously published in several papers in the NIS, primarily 
in nephrectomy for kidney cancer, because of the similarity 
between both approaches and their complications.16

Conclusion 

Our results support the safety and feasibility of RANU 
for the treatment of UTUC. Indeed, the use of the robotic 
approach was associated with lower probability of experi-
encing perioperative complications compared to LNU. On 
the other hand, the utilization of RANU is associated with 
higher costs compared to LNU. 
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