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Abstract

Introduction: The advent of robotics may promote the dissemination of partial nephrectomy, and
allow patients to experience survival and functional benefits compared to radical nephrectomy.
Therefore, we assessed the impact of hospital acquisition of a robotic surgery platform on the rate of
partial nephrectomy recorded in a nationwide database.

Methods: We identified 53,364 patients with a diagnosis of localized renal cell carcinoma who
underwent extirpative surgery from 2006 to 2012 using the Perspective database. Procedures were
categorized based on extent of surgery (radical nephrectomy vs partial nephrectomy), approach
(open, laparoscopic, robotic) and hospital ownership of a surgical robot. Changes in the proportion
of partial nephrectomies performed over time and the effect of acquiring a surgical robot on the
proportion of partial nephrectomies performed were assessed with multivariable logistic regression.

Results: Overall 40,147 (75.2%) radical nephrectomies and 13,217 (24.8%) partial nephrectomies
were performed between 2006 and 2012. The proportion of hospitals using a surgical robot for
renal cancer surgery increased from 1.8% in the first quarter of 2006 to 47.7% by the end of
2012. Partial nephrectomy use ranged from 19.1% to 31.2%. More robotic hospitals performed
partial nephrectomy than nonrobotic hospitals (29.6% vs 18.0%, p <0.001). After acquisition of a
surgical robot the partial nephrectomy rate increased from 16.4% to 34.3% (p <0.001). Hospitals
with a robot were more likely to use partial nephrectomy than radical nephrectomy (OR 1.464, CI
1.39e1.54, p <0.001).
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Abbreviations
and Acronyms

CCI = Charlson comorbidity
index

LPN = laparoscopic partial
nephrectomy

PN = partial nephrectomy

RAPN = robot-assisted
partial nephrectomy

RCC = renal cell carcinoma

RN = radical nephrectomy
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Conclusions: While laparoscopic partial nephrectomy remains a challenging operation, this study demonstrates that hospital
ownership of a surgical robot is associated with increased use of partial nephrectomy in the treatment of localized renal masses.
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The use of PN has been shown to reduce the risk of
chronic kidney disease, cardiovascular events and mortality
compared to RN,1e5 and is recommended by the 2009
American Urological Association guideline for the treatment
of stage cT1 renal masses.6 PN is reportedly underused at
the national level and its use varies widely from 28.5% to
90% at centers across the U.S. (15% to 20% of amenable
tumors).5,7,8 While the use of minimally invasive surgery
has increased across surgical specialties in recent years, the
technical challenges associated with LPN (ie complex renal
reconstruction and suturing) likely underlie the underuse of
PN and have impeded the dissemination of a minimally
invasive approach to PN.9 The technical advantages offered
by the robotic surgery platform overcome these limitations
and may make PN more accessible to surgeons.

Two reports have demonstrated an increase in the use of
PN in the last decade as a consequence of the rapid pro-
mulgation of the surgical robot in the last decade. In an
analysis of PN and robotic technology trends in Maryland,
Patel et al found that PN use increased from 8.6% to 27%
from 2000 to 2011.9 In a similar analysis using the
Healthcare Cost and Utilization Project State Inpatient
Databases, Sivarajan et al found that the proportion of PN
increased from 14.1% in 2001 to 28.5% in 2008.5 Both
studies concluded that the uptake of robotic technology
underlies the proliferation of PN.

The present study builds on this evidence and to our
knowledge is the largest series to date investigating the
effects of surgical robot acquisition on trends in renal sur-
gery using a national database. In contrast to the studies by
Patel9 and Sivarajan5 et al, we specifically investigated
trends in the approach to PN (open, laparoscopic, robotic) to
understand whether the increased number of PNs was per-
formed robotically.

Materials and Methods

Study Design

We conducted a retrospective cohort study of a national
subset of hospitals and patients with a diagnosis of localized
RCC who underwent extirpative surgery from 2006 to 2012.
We assessed the trends in nephrectomy extent (ie PN vs RN)
and surgical approach (ie open, laparoscopic, robotic), and
identified factors associated with the receipt of PN. All data

were de-identified and deemed exempt from review by the
Columbia University institutional review board.

Data Source

We used the Perspective database (Premier, Charlotte, North
Carolina), a prospective, nationwide database hosting data
on inpatient hospital admissions from more than 500 acute
care hospitals that represent all regions of the United
States.10,11 These hospitals serve a primarily urban popula-
tion. The data set links de-identified, patient level medical
and pharmacy files through unique identifiers, and contains
all billed items including primary and secondary diagnoses,
medications, laboratory and diagnostic procedures, and
therapeutic services. Regular audits are performed for
quality control of the source data.

Patient Selection

We identified 53,364 eligible patients (older than age 18) at
317 hospitals by a primary diagnostic ICD-9 code for renal
cell cancer (189.0) who underwent elective PN or RN by
any surgical approach (open, laparoscopic or robotic) from
2006 to 2012. Surgical procedures were identified using
ICD-9 codes for RN (55.5-55.54) or PN (55.4) and by open
and laparoscopic (54.21, 54.51) approaches. To identify
patients undergoing robotic assisted radical nephrectomy
and partial nephrectomy we examined the case files to
determine the presence of robotic surgical instruments dur-
ing the previously identified operation. Perspective collects
data and provides queries on all items charged to a patient
during a hospital admission, including surgical supplies.
This technique of identifying robotic assisted surgery has
been previously validated and reported.12,13 The data set has
been validated and used in previous outcomes studies.10,13

Patient and Hospital Characteristics

Patient and hospital characteristics were used to analyze the
likelihood of a patient undergoing PN. Patient predictors
included age (less than 60, 60 to 70, greater than 70 years),
gender, race, year of surgery (2006 to 2012), primary payer
(Medicare, Medicaid, commercial insurance, uninsured),
marital status (married, single) and comorbidity as estimated
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