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Abstract

The use of robotics in colorectal surgery has been steadily increasing, however, reported longer operative times and increased
cost has limited its widespread adoption. We investigated the cost of elective colorectal surgery based on type of anatomic
resection and the impact of a standardized protocol for robotic colectomies. A retrospective review was conducted of 279
elective colectomies at a single institution between 2013 and 2017. Clinical outcomes and detailed cost data were compared
based on open, laparoscopic, or robotic surgical approach and stratified by anatomic resection. Robotic, laparoscopic and
open colectomy rates were 35, 34 and 31%, respectively. While total costs were similar in robotic and laparoscopic surgery,
anatomic resection stratification showed that low anterior resection (LAR) was significantly cheaper ($14,093 vs $17,314).
When a standardized surgical protocol was implemented for robotic colectomies, significant reductions in operative times,
length of stay, total cost, and operative cost were observed. Robotic surgery may be most cost effective for elective LAR
compared to laparoscopic or open approaches. A standardized surgical protocol for robotic surgery may help reduce costs

by reducing operative times, operating rooms expenditure, and lengths of stay.
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Introduction

Minimally invasive colorectal surgery has been shown to
improve clinical outcomes compared to open surgery [1].
Robotic surgery is an emerging technology that has been
shown to be as safe as laparoscopic surgery with oncologic
equivalence [2—4]. Institutions and payers debate the use of
this technology, as robotic surgery is usually shown to be
more expensive and many studies fail to show significant
improvements in short-term clinical outcomes, especially
in its early phase of adoption.

The cost of using the robot for colorectal surgery com-
pared to laparoscopy is routinely under scrutiny as most
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retrospective, large database studies have found robotic sur-
gery to be more expensive than laparoscopic surgery [5, 6].
However, smaller single-institution studies have published
data demonstrating robotic and laparoscopic surgery to have
similar hospital costs and charges [7, 8]. Furthermore, we
have previously demonstrated that significant reductions in
length of stay, conversion to open surgery rate, and total
hospital cost occur for surgeons performing a high volume
of robotic surgery defined as at least 30 cases/year [9].

Historically, minimally invasive laparoscopy went
through a transformation of acceptance in colorectal sur-
gery. In terms of economic viability, laparoscopic versus
open colectomy has been debated with varying results in
single-institution and large database studies [10—14]. Lapa-
roscopic technology has been increasingly more accepted as
national database studies are starting to show significant cost
reductions in colon and rectal resections with this technique
[15, 16].

For oncologic resection efficacy, laparoscopic surgery
for both colon and rectal surgery has been shown equally
effective as open surgery in the Colorectal Cancer Laparo-
scopic or Open Resection (COLOR 1) trial [17]. For robotic
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surgery, the first randomized trial comparing robotic and
laparoscopic oncologic equivalency is the Robotic vs Lapa-
roscopic Resection for Rectal Cancer (ROLARR) trial [18].
The preliminary pathologic outcomes were similar to lapa-
roscopy for rectal cancer with long-term data still accruing.
A retrospective national database study by Sun et al. has
shown significantly reduced conversion rates for rectal can-
cer resection with robotic surgery [3]. While robotic colorec-
tal surgery clinical outcomes and oncologic equivalency are
being shown as comparable to laparoscopy, a major remain-
ing inhibitor to acceptance is cost.

To optimize and streamline robotic approaches to colo-
rectal procedures at our institution, we implemented a stand-
ardized surgical protocol (SSP) that includes a dedicated OR
team and sequential operative steps. Using this approach, we
hypothesized that robotic surgery is not more expensive than
laparoscopy alone in colorectal surgery. Towards this aim,
we compare the impact of robotic surgery in terms of type
of surgery, anatomic stratification, implementation of SSP,
detailed costs and clinical outcomes at a single center on the
performance of colectomies.

Materials and methods
Patients

A retrospective review was conducted on all patients under-
going elective colon and rectal resections at University Texas
Medical Branch from 2013 to 2017. Using an IRB-approved
protocol, clinical, demographic, and patient-level cost data
were abstracted from medical records for all patients using
electronic health record (EHR) system (Epic"", Madison,
WI).

Surgery

Procedures were grouped based on surgical approach (open,
laparoscopic, robotic) and stratified by anatomic resection
(right colectomy, low anterior resection, and total colec-
tomy). Robotic colon and rectal resections were performed
on da Vinci® Si or Xi platform (Intuitive Surgical, Inc. Sun-
nyvale, CA) by four different surgeons for benign disease,
colon/rectal cancer, or polyp(s) unresectable by endoscopy.
All four surgeons were considered experienced in robotic
surgery. Surgical approach was based on surgeon preference
with indication of previous diverticulitis chosen specifically
for robotic approach. The cohort of patients was initially
identified by a combination of Current Procedural Terminol-
ogy (CPT", American Medical Association, Chicago) code
and procedure descriptions as coded within the EHR. Lapa-
roscopic, open and robotic approaches were then refined
using an algorithm of key terms and identifying common
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supplies unique to each approach. Stratification of patient
approach was kept to the final operative approach (i.e., if a
laparoscopic approach was converted to open, that procedure
is classified as open). Data were limited to the following
categories: right colectomy, low anterior resection (LAR)
and total colectomy. LAR includes sigmoid and rectum exci-
sions as one group. Only rectopexies that included a bowel
resection were included in the LAR category in our data.
Complex total proctocolectomies and abdominal perineal
resections were excluded as very few are performed entirely
robotically.

Total direct cost and operating room analysis

Costs included in the analysis were operative time, recov-
ery room time, hospital length of stay, surgical supplies,
robotic instruments, anesthesia, operating room and hospital
medication, and nursing. Hospital length of stay includes
both intensive care unit and floor hospital care. Total direct
cost does not include pre-operative antibiotics, pathology,
readmission costs, robotic service contracts and deprecia-
tion of robotic equipment. The total direct costs included
fees for all operating room supplies, conversion factor for
cost of operative time, as well as pre- and post-operative
hospital management costs. Hospital costs across the sys-
tem averaged $3500/day and was used in the calculation of
average total direct costs. The supply costs were defined as
cost of surgical instruments and supplies. For all predictors,
univariate analysis by the Kruskal-Wallis non-parametric
equality of populations rank test was performed. All statis-
tical tests were two-sided, and a p value less than 0.05 was
considered statistically significant. All statistical analyses
were performed with STATA® (14.0 for Mac OS X, College
Station, TX).

Outcome measures

Outcome measures included mean operative time, conver-
sion to open surgery, return of bowel function, length of stay,
complications, and 30-day all cause readmissions. Operative
time was recorded as the time from skin incision to skin
closure. Complications of any type were included and were
obtained through the EMR where International Classifica-
tion of Diseases (ICD9 and ICD10) codes were recorded in
the patient’s record during or after surgery.

Standardized surgical protocol

A Standardized Surgical Protocol (SSP) was implemented in
August 2016 for all robotic operations and included a dedi-
cated team of operating room staff, standard instrument use,
routine use of sequential operative steps, and participation of
two surgeons during operations when warranted. Outcome
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measures of this subgroup are identical to the anatomical
stratification including total cost, operating room cost, mean
operative time, conversion to open surgery, return of bowel
function, length of stay, complications and 30 day all cause
readmission.

Results
Patients

We identified 279 cases that met inclusion criteria. Average
age was 60 + 15 years and 54% (151) were males. Of these
cases, 56% of the patients had prior abdominal surgery. The
majority of patients were American Society of Anesthesi-
ologists (ASA) physical status classification 2 or 3 with 15
patients being classification 4. Cancer was the most common
indication for surgery (54%). Other indications for surgery
include polyps not amenable to endoscopic resection or pol-
yps incompletely excised in 21 percent of the cases. Benign
entities that were mostly diverticular disease accounted for
25 percent of the cases.

Surgery

Robotic, laparoscopic and open approach rates were 35, 34
and 31 percent, respectively. Right colectomy was the most
common operation in robotic and laparoscopic subgroup
56%, and 55%, respectively.

Total direct cost analysis

When averaged for all cases, total costs were similar in
robotic and laparoscopic approaches ($13,529 vs $13,039,
p=0.78) (Table 1). However, when total cost was stratified
by anatomic resection, robotic approach was more expen-
sive for right colectomy ($12,016 vs $10,993, p=0.31) but
significantly less expensive for LAR ($14,093 vs $17,314,
p=0.048).

Outcome measures

Length of stay was not significantly different between robotic
and laparoscopic surgery (5.63 vs 5.41 days, p=0.77) and
neither was return of bowel function (3.02 vs 3.10, p=0.27)
(Table 2). Readmission rates were significantly less with
robotic approach as compared to laparoscopic (4.1 vs
10.6%, p=0.04). Operating room supply costs were not
significantly different by robotic or laparoscopic approach
($2,060 vs $2,027, p=0.61). Overall operative time was
not significant between robotic and laparoscopic approach
(293 vs 276 min, p=0.27). In anatomical approach analysis,
operative time was significantly shorter for robotic LAR vs
laparoscopic (311 vs 366 min, p=0.04) and significantly
longer for robotic right hemicolectomy vs laparoscopic (272
vs 220 min, p=0.04).

Table 1 Cost by anatomic
resection and surgical approach

Right colectomy

Low anterior Total colectomy Total average cost

resection
Laparoscopic 10,993 17,314 14,907 13,039
Open 19,222 22,753 25,498 21,168
Robotic 12,016 14,093 19,631 13,529

Table 2 Robotic and laparoscopic colectomy costs and clinical outcomes

Procedure type All Low anterior resection Right colectomy
Procedure class Robotic surgery Laparo- p value Robotic surgery Laparo- p value Robotic surgery Laparo- p value
scopic scopic scopic
surgery surgery surgery
Total cost 13,529 13,039 0.78 14,093 17,314 0.048 12,016 10,993 0.31
OR Supply cost 2060 2027 0.61 2611 2930 0.33 2737 2613 0.56
Nursing cost 3002 3054 0.92 3783 3870 0.95 2519 2747 0.56
Readmission rate (%) 4.1 10.6 0.04 5.7 20.7 0.04 1.8 7.7 0.02
LOS (days) 5.63 5.41 0.77 5.26 6.27 0.34 5.49 4.46 0.14
Return of bowel function 3.02 3.10 0.79 2.71 3.40 0.28 333 3.02 0.44
(days)
OR time (min) 293 276 0.27 311 366 0.04 272 220 0.002
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Standardized surgical protocol

After implementation of SSP for robotic procedures, opera-
tive time was significantly reduced (279 vs 431 min, p <
0.01) (Table 3). Total cost and OR cost were significantly
reduced ($12,489 vs $10,174), p < 0.04; $3,936 vs $2,622,
p < 0.04). In addition, length of stay and conversion to
open rates were significantly reduced (6.8 vs 3.4 days, p <
0.04; 9% vs 2%, p < 0.01). Complication rates and 30-day
readmission rates were not significantly different after SSP.
Patient gender, age, and operation type were not significantly
different but patient diagnosis was significantly different
with more colectomies for diverticulosis being performed
after SSP was implemented.

Discussion

Robotic surgery continues to be a debated surgical platform
for colorectal surgery with studies reaching different conclu-
sions on cost, conversion rates, oncologic usefulness and
short-term clinical outcomes. While clinical and procedural
outcome advantages of robotic colorectal surgery have been
observed in multi-institutional studies, only single-institu-
tion studies have exhibited some implications at cost advan-
tages. Our retrospective, single-institution study found that
compared to laparoscopy, the robotically performed LAR
group had significantly reduced cost, operative time, and

readmission rate. The robotic right colectomy group had sig-
nificant longer operative times. In addition, implementing a
standard surgical protocol for robotic surgery is indicative
of reducing operative time, conversion to open surgery rates,
and total cost.

Retrospective review of National Surgical Quality
Improvement Program (NSQIP) data has shown reductions
in left side robotic colectomy conversion to open rates and
length of stay but longer operative times compared to lapa-
roscopy [19]. The patients of our robotic LAR cohort also
had reduced lengths of stay and this likely contributed to
reduced overall cost of hospital admission. This reduced
total cost is also likely aided by the decreased OR sup-
ply cost. We hypothesize the shorter operative times for
our robotic LAR cohort were because all of our surgeons
were considered past the initial learning curve of robotic
surgery. The learning curve of robotic colorectal surgery
is considered at least 15-25 cases and the number of cases
being performed nationwide is increasing [20, 21]. We have
previously demonstrated high-volume surgeons have reduc-
tion in total cost, operative time, and conversion to open
surgery rates compared to low-volume surgeons [9]. Just
as acceptance of laparoscopy took time, robotic surgery is
potentially at the beginning of its widespread adoption and
its full advantages are not evident on a national scale.

While there are several published procedural operative
steps for minimally invasive and robotic colorectal surgery,
there are no studies documenting combining this with the

Table 3 Standardized surgical

X S Before ssp After ssp p value
protocol patient characteristic, n=27 n=71
cost and outcomes
Gender—n (%) Male 15 (56%) Male 37 (52%) 0.7
Female 12 (44%) Female 34 (48%)
Age (years) 58 (30-91) 58 (22-88) 0.99
Diagnosis—n (%) Cancer 15 (56%) Cancer 37 (52%) <0.01
Neoplasm 9 (33%) Neoplasm 3 (4%)
Diverticulitis 1 (4%) Diverticulitis 26 (37%)
Other benign 2 (7%) Other benign 5 (7%)
Operation—n (%) RC 11 (41%) RC 13 (18%) 0.07
LAR 11 (41%) LAR 48 (68%)
APR 2 (7%) APR 5 (7%)
TAC 3 (11%) TAC 5 (7%)
Operative time—min 431 279 <0.01
LOS—days 6.8 (2-27) 3.4 (1-27) <0.04
Complications, any—rn (%) 12 (44%) 13 (19%) 0.08
Conversion—rn (%) 9 (33%) 2 (3%) <0.01
30 day readmit—n (%) 3(11%) 6 (8%) 0.3
Total cost 12,489 10,174 <0.04
OR cost 3936 2622 <0.04

RC right colectomy, LAR low anterior resection, APR abdominalperineal resection, TAC total abdominal

colectomy
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same OR team for analysis of cost and clinical outcomes
[22]. The outcomes of our robotic LAR could be heavily
influenced by our SSP implementation and lead to signifi-
cant reductions in robotic surgery operative time, total cost,
OR cost, length of stay, and conversion to open surgery
rates when compared to prior use of SSP. Other studies have
shown that individual consumable items add exponentially
to the OR cost [7]. Our SSP likely reduces the opening of
these items without absolute need, therefore reducing total
and OR cost. Also, operative time is likely reduced with
advancement further on learning curve and the utilization of
methodical operative steps. Also, more cases of LAR were
in SSP group where robotic surgery is thought to be more
advantageous.

Our data concur with other previous studies including
the meta-analysis by Solaini et al. that right colectomy takes
longer and is more expensive robotically than laparoscopic
[23]. Right colectomies are thought to be quicker lapa-
roscopic mainly because of the anatomy of that location.
However, when considering the anatomy for rectal cancer
resections, total mesorectal resection is much more difficult
because of limited space to navigate compared to the abdom-
inal cavity for right colectomies. The only randomized trial
comparing laparoscopic versus robotic resection of rectal
cancer did not look at the outcome of operative time [18]. To
decrease operative time and make robotic resections other
than LAR more cost effective, a SSP will likely need to be
used to reduce docking times and opening of unnecessary
supplies. The conversion to open rates of this study was
similar to those observed in the ROLARR trial. In addition,
after SSP implementation, conversion rates were considered
significantly reduced. While conversion rate reduction may
not be attributed to standard instrument usage alone, the
learning curve of the group was certainly increasing as well.
Therefore, it may be reasonable to think that the value of
robotic surgery may be more evident in single-institution tri-
als where expertise is more mature than in multi-institutional
trials where expertise is less well known. This is one of the
first single-institution studies showing that robotic LAR sur-
gery has an economic advantage with similar if not improved
clinical outcomes.

This is a single-institution study with a relatively small
but comparable sample size to existing single-institution
trials. While a large sample size and multicenter inclusion
would provide more data, detailed financial information can
be hard to obtain. This study did not include cost of readmis-
sions and variable costs associated with surgeon’s volume
that we have previously analyzed in the Providence Health
System Hospitals. The robot acquisition (0.6-2.5 million
dollars) and maintenance cost/contract (100—170 thousand
dollars) is not included, as in most studies because it is hard
to assign the appropriate cost per case with multiple spe-
cialties using the robot [24, 25]. We also did not compare

cancer resection outcomes, such as node acquisition, mar-
gins and circumferential radial margins, although previous
studies have not shown inferiority with robotic surgery [26].
This study does not account for experience with specific
case numbers although all colorectal surgeons were past
their learning curve.

Conclusion

We found that elective robotic colorectal surgery is most cost
effective for left-sided colon and rectal resection. Implemen-
tation of a SSP is indicative of reducing robotic colorectal
surgery costs.
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