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Abstract

Introduction While the penetrance of robotic surgery into
field of urology and gynecology has been significant,
general surgeons have been slower adopters. We sought to
compare laparoscopy and RAS among five different gen-
eral surgical procedures with various penetrance of MIS.
Methods Following IRB approval, the New York State-
wide Planning and Research Cooperative System admin-
istrative data were used to identify five common
laparoscopic general surgery procedures: cholecystectomy,
colectomy, esophageal fundoplication (EF), Roux-en-Y
gastric bypass (RYGB), and sleeve gastrectomy (SG)
between 2008 and 2012. ICD-9 codes were used to select
laparoscopic versus robotic procedures. Procedures were
compared based on any complication and hospital length of
stay (HLOS). Following descriptive analysis, propensity
score analysis was used to estimate the population average
differences between patients who underwent robotic-as-
sisted and laparoscopic procedures.
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Results There were 1458 patients who had undergone
robotic-assisted surgery and 166,790 patients who had
undergone laparoscopic surgery among the five procedures
between 2008 and 2012. Of the 1458 robotic cases, 186 were
cholecystectomy, 307 were RYGB, 118 were SG, 288 were
EF, and 559 were colectomy. Initial univariate analysis
showed a significantly higher rate of overall complications
and HLOS in the laparoscopic group compared to the robotic-
assisted group. Laparoscopic colectomy had a significantly
higher rate of complications and longer length of stay com-
pared to robotic approaches. No difference in complications or
HLOS was seen in the cholecystectomy group. Following
propensity score analysis, patients who had undergone
robotic-assisted colectomy had significantly lower rate of
complications compared to those who underwent conven-
tional laparoscopic procedure (p value = 0.0022). In addi-
tion, patients who underwent robotic-assisted SG had on
average 1.22 days longer HLOS (p value = 0.0037).
Conclusion Robotic approaches may facilitate safer
adoption of minimally invasive approaches in areas where
penetrance of conventional laparoscopy is low, such as in
colorectal surgery.

Keywords Robotic surgery - Laparoscopic surgery -
Outcomes - General surgery

Since the introduction of laparoscopic cholecystectomy in
late 1980s [1], laparoscopic surgery has gained significant
popularity in many surgical specialties. Proponents of
minimally invasive approaches cite the ability to provide
advanced operative care while significantly enhancing
patient recovery [2]. While advancement of minimally
invasive surgery has increased significantly in certain
areas, such as bariatric surgery [3] and general surgery [4,
5], its penetration in other specialties remains lower [6—8].
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The advent of laparoscopic robotic-assisted surgery
(RAS) has added a new dimension to the area of minimally
invasive surgery. Additional benefits of robotics include
three-dimensional (3D) binocular vision, improved dex-
terity due to the wristed instrumentation and elimination of
natural tremor from computer adjustment [9]. Due to such
advantages, it has been proposed that the robotic surgery
platform is enabling surgeons who are not comfortable
with standard laparoscopy to perform minimally invasive
surgery. While the penetrance of RAS into the fields of
urology and gynecology has been significant, general sur-
geons have been slower adopters, citing higher intraoper-
ative cost and considerable learning curves with low
perceived benefits compared to conventional laparoscopy.
The purpose of our study was to compare outcomes of
laparoscopy and RAS among five common general surgical
procedures with various penetrance of minimally invasive
techniques.

Methods

Following approval by our Institutional Review Board
(IRB) and the New York Department of Health (DOH), the
New York Statewide Planning and Research Cooperative
System (SPARCS) administrative database was used to
identify our study population. SPARCS is a longitudinal
comprehensive data reporting system which collects
patient level data on patient characteristics, diagnoses and
treatments, services, and charges for every hospital dis-
charge, ambulatory surgery patient, and emergency
department admission in New York State. Using Interna-
tional Classification of Diseases, Ninth Revision (ICD-9)
primary diagnosis codes (Table 1), 172,532 adult inpatients
records (Age > 18 years of age) of patients who have
undergone cholecystectomy, Roux-en-Y gastric bypass
(RYGB), sleeve gastrectomy (SG), esophageal fundopli-
cation, and colectomy between 2008 and 2012 were iden-
tified. Following exclusion of duplicate records for same
admission (n = 92), conversion to open surgery
(n = 1453), multiple laparoscopic procedures (n = 1803),
and multiple records over time (n = 2393), 166,790

Table 1 ICD-9 codes used to identify patient population

patients with laparoscopic procedures were identified. Of
these patients, 1458 of them (0.87 %) underwent RAS.

Preoperative, intraoperative and postoperative variables
were recorded. Preoperative variables consisted of patient
demographics, health system variables including insurance
type, and comorbid conditions as defined by the Elixhauser
classification [10]. Obesity and weight loss were excluded as
comorbidities as they defined the condition under investi-
gation for two procedures. Postoperative variables included
length of stay and postoperative complications, which were
identified using ICD-9 codes (Table 2).

Statistical analysis

Student’s ¢ tests were used to compare patients’ age and
HLOS between groups. Fisher’s exact tests and Chi-square
tests with exact p value based on Monte Carlo simulation
were used to compare categorical variables between
groups, when applicable. Propensity score (PS) analysis
was used to estimate the marginal (population average)
differences between patients who underwent robotic-as-
sisted and laparoscopic procedures [11-13]. For comparing
complications (any complication), all the patient charac-
teristics, comorbidities, surgery year, and region were used
to estimate PS according to a logistic regression model and
having robot-assisted procedure (yes/no) was the response
variable. For comparing hospital length of stay (HLOS), all
the patient characteristics, comorbidities, surgery year,
region, and complications were used to estimate PS
according to a similar logistic regression model with hav-
ing robot-assisted procedure (yes/no) as the response
variable. Propensity-based matching was used to create
samples of patients who were similar in terms of propensity
score, i.e., in terms of probability of getting the robotic-
assisted surgery. Unmatched observations were discarded,
thus leading to possibly non-representative samples of the
original database. However, because the patients analyzed
were matched on many confounders simultaneously, such
analyses are likely to provide a more valid estimate of the
treatment effect. In our study, almost all patients who
underwent the robotic-assisted surgery had a matched
patient who underwent a laparoscopic procedure. A 1:1

Procedure Robotic

Lap

Cholecystectomy
Roux-en-Y gastric bypass
Sleeve gastrectomy
44.67 with 17.41-17.49
17.3x with 17.41-17.49

Esophageal fundoplication

Colectomy

51.2, 51.21-51.24 with 17.41-17.49
44.38* with 17.41-17.49 with obesity*
43.82 and 43.89* with 17.41-17.49 and with obesity*

51.2, 51.21-51.24

44.38* with obesity*

43.82 and 43.89* with obesity*
44.67

17.3%

* For bariatric surgery, primary diagnosis codes of 278.00, 278.01, 278.02 were further used for data extraction
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Table 2 Defined postoperative

. . Complication
complications and associated

ICD-9-CM codes

diagnostic and procedure codes Abscess

Anastomotic leak
Cardiac arrest

Cardiac complications
Dehiscence
Mechanical ventilation
Myocardial infarction
Pneumonia

Pulmonary edema
Pulmonary embolus
Renal failure
Reoperation for hemorrhage
Respiratory arrest
Respiratory failure
Shock

Tracheostomy
Bacterial diseases
Hypertension
Atherosclerosis
Phlebitis

Enteritis

Intestinal disorders

Systemic inflammatory response
syndrome

Nervous system disorder
Vascular disorders
Digestive disorders
Hemorrhage

Liver disease

Surgical error

54.19

54.12

427.5

997.1

54.61

96.72

410.xx

519.8, 997.3, 486, 507.0
514, 518.4

415.11, 415.19
584.5-584.9, 586

54.11

799.1

518.5, 518.81, 518.82, 518.84

785.0-785.4, 785.50-785.59, 785.6, 785.9, 995.0, 995.4,
998.0

519.00-519.09, 31.1, 31.21, 31.29, 96.55, 97.23
040.0, 041.2, 041.4, 041.9, 599.0, 728.86

401.0

444.0-445.89

451.0-453.9, 458.29, 458.9

557.0, 557.9

560.1, 560.2, 560.81-560.9, 564.3, 567.22
995.90-995.94

997.00-997.09

997.2, 997.71-997.79

997.4

459.0, 578.0, 578.9

570, 573.4

998.11-998.81, 998.83-998.9, 999.1-999.9

matching algorithm without replacement was used, where
all treated patients were matched to the closest control
within a range of 0.20 standard deviations of the logit of
the estimated propensity score [14]. The success of the
propensity score matching was assessed by checking
standardized differences between groups before and after
matching, i.e., the absolute difference in sample means
divided by an estimate of the pooled standard deviation of
the variable, expressed as a percentage [12]. If the stan-
dardized differences were <20 %, the difference in mat-
ched samples was considered as minimal. McNemar’s test
was carried out for any complication, and paired ¢ test was
carried out for comparing LOS using PS-matched pairs.
Sensitivity analysis for PS matching was carried out to
determine the potential impact of unmeasured confounding
variables on the significance of the observed treatment
effect. The range of significant levels were in the context of
McNemar’s test and permutational ¢ test [11, 15, 16].

To analyze any complication, there were 186 success-
fully matched pairs for cholecystectomy, 307 successfully
matched pairs for RYGB, 117 successfully matched pairs
for SG, 288 successfully matched pairs for esophageal
fundoplication, and 559 successfully matched pairs for
colectomy. To analyze patients’ HLOS, there were 186
successfully matched pairs for cholecystectomy, 306 suc-
cessfully matched pairs for RYGB, 117 successfully mat-
ched pairs for SG, 285 successfully matched pairs for
esophageal fundoplication, and 559 successfully matched
pairs for colectomy. In each matched pair, two patients
shared similar characteristics. The standardized differences
between groups before and after matching were <20 % for
all procedures. That is, the difference in matched samples
was considered as minimal. p value <0.05 was considered
statistically significant, and analysis was performed using
SAS 9.3 (SAS Institute Inc., Cary, NC) and R (R Foun-
dation for Statistical Computing, Vienna, Austria).
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Results

Of the 166,790 patients, 1458 (0.87 %) underwent robotic-
assisted surgery and 165,332 (99.13 %) underwent laparo-
scopic approaches to the five procedures during years
2008-2012. Of the 1458 robotic cases, 186 (12.8 %) were
cholecystectomy, 307 were RYGB (21.1 %), 118 (8.1 %)
were SG, 288 (19.8 %) were esophageal fundoplication, and
559 (38.3 %) were colectomy. The descriptive results of
patients’ characteristics, such as patients’ gender, race, source
of payment, region, year of surgery, by procedure types are
reported in Table 3. Patients’ comorbidities by procedure
types are reported in Table 4. Initial univariate analysis
showed a significantly higher rate of overall complications
and HLOS in the laparoscopic group compared to the robotic-
assisted group (19.28 vs 16.32 %, p value = 0.0041 and 5.18
vs 3.92 days, p value <0.0001). Upon further analysis com-
paring within procedures, laparoscopic colectomy had a sig-
nificantly higher rate of complication and longer HLOS
compared to the robotic approach (32.26 vs 22.9 % p value
<0.0001 and 6.76 vs 5.11 days, p value <0.0001). No dif-
ference in complications or HLOS was seen in the cholecys-
tectomy group (20.59 vs 20.43 %, p value = 1 and 4.92 vs
5.7 days, p value = 0.2371); RYGB group (6.32 vs 4.23 %,
p value = 0.1557 and 2.49 vs 2.5 days, p value = 0.9197);
SG group (4.97 vs4.24 %, p value = 1 and 2.33 vs 2.37 days,
p value =0.64); EF group (14.87 vs 18.75 %,
p value = 0.0887 and 3.35 vs 3.13 days, p value = 0.3737)
(Table 5).

Following 1:1 matched pairs, among the 559 matched
pairs of colectomy patients, 86 patients who underwent
robotic-assisted surgery had at least one complication
while their matched patients did not, while 132 patients
who underwent robotic-assisted surgery did not get com-
plications while their matched patients did. Thus,
according to McNemar’s test, robotic-assisted colectomy
had a significantly lower rate of complications compared
to those who underwent conventional laparoscopic pro-
cedures (p value = 0.0022, Table 6). Sensitivity analysis
for PS matching was carried out to determine the potential
impact of unmeasured confounding variables (hidden bias)
on the significance of the observed difference in compli-
cations after colectomy: If there was an unmeasured bin-
ary variable that increased the odds of treatment by 15 %
and this variable was almost perfectly associated with
complication, the p value would be at most 0.042. How-
ever, if there was an unmeasured binary variable that
increased the odds of treatment by 25 %, then p value
could be as large as 0.156. No statistical significance was
seen in terms of HLOS and complications for cholecys-
tectomy (p value = 0.3409 and 0.9144, respectively),
RYGB (p value = 0.5495 and 0.2005, respectively), EF

@ Springer

(p value = 0.3742 and 0.3332, respectively). SG did not
show any significant increase in complications between
laparoscopic and RAS groups (p value = 0.7744); how-
ever, RAS SG had a significantly higher HLOS compared
to laparoscopic SG (estimated difference is 0.33 day,
p value = 0.0037). For this difference in SG, if there was
an unmeasured that increased the odds of treatment by
25 % and this variable was almost perfectly associated
with HLOS, the p value would be at most 0.0399. How-
ever, if there was an unmeasured binary variable that
increased the odds of treatment by 30 %, then p value
could be as large as 0.0555.

Discussion

Robotic surgery represents an exciting innovation in the area
of minimally invasive surgery. Our study compares laparo-
scopic and RAS among five different general surgical pro-
cedures. Between 2008 and 2012, through the use of the
SPARCS database, we were able to identify all patients
undergoing five common surgical procedures: RYGB, SG,
EF, colectomy, and cholecystectomy. When comparing
procedures performed through laparoscopic approach to
those performed with the assistance of a robot, initial uni-
variate analysis showed a significantly higher rate of overall
complications and HLOS in the laparoscopic group com-
pared to the robotic group. However, additional analysis
comparing separate procedures did not show any significant
difference for cholecystectomy, RYGB, SG, and EF, in terms
of complications. Interestingly, laparoscopic colectomy had
significantly higher rate of complications and higher HLOS
(p value <0.001 for both). Following propensity score
analysis, the rate of complications remained significant for
colectomy (p value = 0.0022), although there was no effect
on the HLOS (p value = 0.3378). In addition, following PS
analysis RAS performed in cholecystectomy, RYGB, SG,
and EF were not associated with higher rate of complication.
Robotic SG had a longer HLOS (p value = 0.0037).
Penetrance of laparoscopy in colorectal surgery has been
significantly lower than other general surgical fields and
could possibly explain our findings. A study examining
clinical data between 2007 and 2009 from the University
Health System Consortium database reported overall uti-
lization of laparoscopy in patients undergoing colon and
rectal resections to be only 14.8 % [6]. Another study
reported a rate of 11.8 and 8.9 % in 2005-2007 for benign
disease and colon cancer, respectively [7]. In 2011,
laparoscopic utilization had significantly increased to
42.2 % of cases in one report. However, there was a
15.8 % conversion rate to an open procedure [8]. Most
recently, data from 2008 to 2012 from academic centers
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Table 5 Descriptive table of

hospital length of stay and any Procedures Variables Robotic Lap p value
complication by robotic-assisted e HLOS 3.92 + 5.07 5.18 + 7.83 <0001
surgery versus laparoscopic L
surgery before propensity score Any complications 238 (16.32 %) 31,882 (19.28 %) 0.0041
matching Cholecystectomy HLOS 492 + 8.95 5.7 £ 8.71 0.2371
Any complications 38 (20.43 %) 22618 (20.59 %) 1
Roux-en-Y gastric bypass HLOS 25+ 1.96 249 £2.84 0.9197
Any complications 13 (4.23 %) 1425 (6.38 %) 0.1557
Sleeve gastrectomy HLOS 2.37 £ 091 233 £ 1.75 0.6447
Any complications 5 (4.24 %) 382 (4.97 %) 1
Esophageal fundoplication HLOS 3.13 + 4.02 335+ 5.48 0.3737
Any complications 54 (18.75 %) 643 (14.87 %) 0.0887
Colectomy HLOS 5.11 £ 5.12 6.76 + 7.36 <.0001
Any complications 128 (22.9 %) 6814 (32.26 %) <.0001

Continuous variables were shown in mean + standard deviation and categorical variables were shown in

n (%)

p values for continuous variables were based on two sample ¢ test. p values for multinomial variables and
binary variables were based on Chi-square test with exact p value and Fisher’s exact test, respectively

Table 6 McNemar’s test comparing rate of any complication between robotic and lap procedures stratified by 5 procedures

Surgery type Robotic Robotic Lap Neither robotic N of matched McNemar’s test:
and lap® only* only* nor lap® pairs exact p value

Cholecystectomy 7 31 23 125 186 0.3409

Roux-en-Y gastric bypass 2 11 19 275 307 0.2005

Sleeve gastrectomy 0 5 7 105 117 0.7744

Esophageal fundoplication 9 45 36 198 288 0.3742

Colectomy 42 86 132 299 559 0.0022

? Robotic and lap: number of patients with robotic surgery in a matched pairs had at least one complication and patients with lap surgery in the
same matched pairs had at least one complication as well; Robotic only: number of patients with robotic surgery in a matched pairs have at least
one complication while patients with lap surgery in the same matched pairs did not had complications; Lap only: number of patients with lap
surgery in a matched pairs did not have complications while patients with robotic surgery in the same matched pairs had at least one
complication; Neither robotic nor lap: number of patients with robotic surgery in a matched pairs did not have any complication and patients with
lap surgery in the same matched pairs did not have any complication either

in many common laparoscopic procedures in terms of com-
plications and HLOS. Our results, however, support a possible
benefit of robotics over conventional laparoscopy in col-
orectal surgery, where penetrance of conventional laparo-
scopy is low and complication rates are relatively high. Our
study supports the notion that robotic approaches may facili-
tate safer adoption of minimally invasive approaches in these
areas.
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