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Abstract

Purpose The study aims to evaluate the clinical and financial outcomes of the use of robotic when compared to laparoscopic
colorectal surgery and any changes in these over time.

Methods From the Premier Perspective database, patients who underwent elective laparoscopic and robotic colorectal resections
from 2012 to 2014 were included. Laparoscopic colorectal resections were propensity score matched to robotic cases for patient,
disease, procedure, surgeon specialty, and hospital type and volume. The two groups were compared for conversion, hospital
stay, 30-day post-discharge readmission, mortality, and complications. Direct, cumulative, and total (including 30-day post-
discharge) costs were evaluated. Clinical and financial outcomes were also separately assessed for each of the included years.
Results Of 36,701 patients, 32,783 (89.3%) had laparoscopic colorectal resection and 3918 (10.7%) had robotic colorectal
resection; 4438 procedures (2219 in each group) were propensity score matched. For the entire period, conversion to open
approach (4.7 vs. 3.7%, p = 0.1) and hospital stay (mean days [SD] 6 [5.3] vs. 5 [4.6], p = 0.2) were comparable between robotic
and laparoscopic procedures. Surgical and medical complications were also the same for the two groups. However, the robotic
approach was associated with lower readmission (6.3 vs. 4.8%, p = 0.04). Wound or abdominal infection (4.7 vs. 2.3%, p=0.01)
and respiratory complications (7.4 vs. 4.7%, p = 0.02) were significantly lower for the robotic group in the final year of inclusion,
2014. Direct, cumulative, and total (including 30-day post-discharge) costs were significantly higher for robotic surgery. The
difference in costs between the two approaches reduced over time (direct cost difference: 2012, $2698 vs. 2013, $2235 vs. 2014,
$1402).

Conclusion Robotic colorectal surgery can be performed with comparable clinical outcomes to laparoscopy. With greater use of
the technology, some further recovery benefits may be evident. The robotic approach is more expensive but cost differences have
been diminishing over time.

Keywords Robotic technology - Laparoscopy - Colorectal - Outcomes - Over time

Introduction

Robotic technology has facilitated minimally invasive colo-
rectal surgery."®? Initial studies showed that robotic
colectomy was associated with greater hemorrhage® and iat-
rogenic complications’, but such drawbacks were soon
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overcome. Robotic surgery is associated with longer operating
time than laparoscopy® with variable influence on post-
operative recovery, which has been reported as either
prolonged* or unaffected.® Some studies demonstrated equiv-
alent surgical morbidity,*” while more recent studies suggest
some advantages to robotic over laparoscopic surgery
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including reduced conversion,® septic complications,’ and
hospital stay.”® Overall costs are however higher with robotic
surgery.* ®1%!12 Despite this, there has been an increased uti-
lization of robotic colorectal surgery'® over time with its use
directed even for complex procedures'* and in challenging
patients.”® Several current studies suffer from the drawbacks
of including data from a single center or from expert surgeons
alone and thus are potentially confounded by patient-, dis-
ease-, procedure-, and hospital volume-related effects.
Further, whether any perceived differences in relative out-
comes and costs over time have changed has not been well
characterized.

The aim of this study is to compare the clinical and finan-
cial outcomes after robotic and laparoscopic surgery in 2012,
2013, and 2014 in a large number of patients using a propen-
sity score-matched analysis of multicenter data. A further aim
is to determine any changes in these outcomes over time.

Materials and Methods

Patients who underwent elective laparoscopic or robotic colo-
rectal resection were identified from the Premier Perspective
Inc. (Charlotte, NC) data from 2012 to 2014. The database
provides all billing records from around 500 participating
acute-care hospitals. These include information on investiga-
tion, procedure, and medication. Coding history, hospital
characteristics, and categorized in-hospital costs are also avail-
able. For quality assurance, patient-level data are validated by
95 separate checks. The Premier Perspective database collects
all payer data (Medicaid, Medicare, and commercial) for ap-
proximately five million discharges annually. A non-human
subject review exemption from the Institutional Board Review
(IRB) committee at the Columbia University Medical Center
was obtained prior to conducting research.

Using the International Classification of Diseases, Ninth
Edition, Clinical Modification (ICD-9-CM) codes, primary
right (17.32 and 17.33), transverse (17.34), left (17.35), sig-
moid (17.36), and total/multiple-segment (45.81 and 17.31)
colon resections, in addition to anterior (48.62 and 48.63),
abdominoperineal (48.51), and other rectal procedures
(48.42, 48.61, 48.64, 48.65, 48.69) for adult patients, were
included. Robotic procedures were identified by the presence
of robotic-assistance codes (17.41, 17.42, 17.49, or s2900).
The charge Masterfile was also accessed to identify the use
of laparoscopic and robotic platforms.

Emergent, urgent, or trauma-related admissions were ex-
cluded from the analysis. To ensure an adequate evaluation of
outcomes for specific segments resected, discharges with con-
current major abdominal procedures were also excluded.
These included gastrectomy, splenectomy, hepatectomy, hys-
terectomy, nephrectomy, and cystectomy.
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Robotic was compared to laparoscopic approach for pa-
tients’ demographics, comorbidities, primary colorectal dis-
ease, segment resected, surgeon specialty, and hospital type
(teaching vs. non-teaching). Minimally invasive surgery vol-
ume performed by each hospital (low vs. intermediate vs.
high) during the study period was also compared. Surgical
conversion to open approach, length of stay, 30-day post-dis-
charge readmission, in-hospital mortality, and in-hospital
post-operative (pre-discharge) surgical and medical complica-
tions as well as costs were outcomes evaluated. The outcomes
were also separately assessed in each of the included years
(2012, 2013, and 2014).

Statistical Analysis

Continuous variables are presented by median (interquartile
range) or mean * standard deviation (SD), while frequency
(n) and percentage (%) describe categorical factors. T tests
and non-parametric tests were used to evaluate the significance
of continuous variables. The difference between laparoscopic
and robotic surgery for categorical factors was tested by chi-
squared test. Laparoscopy was matched to robotic approach
using a propensity score-matched analysis to account for dif-
ferent patient, disease, procedure, and hospital factors. The
nearest neighbor algorithm was used in the matching process.
Clinical and financial outcomes were also evaluated in each of
the included years using the propensity score-matching analy-
sis. Pre-existing comorbidities were grouped into cardiovascu-
lar (valvular heart disease, congestive heart failure, and hyper-
tension), hematological (anemia and coagulopathy), pulmonary
(chronic lung disease and pulmonary vascular disease), endo-
crine (diabetes and hypothyroidism), musculoskeletal (arthritis
and paralysis), liver and gastrointestinal (liver disease and pep-
tic ulcer), malignancy (solid tumor, metastatic and lymphoma),
psychiatric (depression and psychosis), and other (electrolyte
imbalance and alcohol/drug abuse) comorbidities. Thirty-day
readmission was defined as any elective, urgent, or emergent
readmission within 30 days from hospital discharge. The de-
velopment of post-operative (pre-discharge) complication was
evaluated by identifying secondary diagnostic codes. Surgical
complications included post-operative ileus, gastrointestinal
(GI) complications, wound or intra-abdominal infection, hem-
orrhage or transfusion, intestinal fistula, sepsis or septicemia,
and wound disruption. Medical complications were grouped
into cardiovascular (acute myocardial infarction, arrhythmia,
heart failure, shock, and cardiac complication during or
resulting from procedure), respiratory (acute respiratory failure,
pneumothorax, pneumonia or pulmonary infection, and respi-
ratory complication during or resulting from procedure), neu-
rological (stroke, transient ischemic attack, and neurological
complication during or resulting from procedure), and urinary
(urinary tract infection and urological complication during or
resulting from procedure) complications. Direct (variable) and
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cumulative (direct and indirect) healthcare costs for index ad-
mission and breakdown of costs at the time of hospitalization
were compared. Total healthcare costs for up to 30 days after
discharge (total costs = cumulative costs + 30-day post-

discharge costs) were also compared for the two groups. A p
value < 0.05 was considered as statistically significant. All an-
alytical procedures were conducted using version 9.4, SAS
Institute, Inc., Cary, NC.

Table 1 Baseline characteristics stratified by surgical approach before and after propensity score matching
Variable Pre-match Post-match
Laparoscopy Robot p value Laparoscopy Robot p value
N=32,783 N=3918 N=2219 N=2219
Age, median (IQR) 63 (27.3) 61 (29.3) <0.0001 63 (16.6) 64 (16.6) 0.1
Gender
Male 15,576 (47.5%) 2001 (51.1%) <0.0001 1221 (55%) 1207 (54.4%) 0.7
Female 17,207 (52.5%) 1917 (48.9%) <0.0001 998 (45%) 1012 (45.6%) 0.7
Race
White 25,266 (77.1%) 3093 (78.9%) 0.01 1691 (76.2%) 1674 (75.4%) 0.6
African American 2603 (7.9%) 288 (7.4%) 0.2 171 (7.7%) 176 (7.9%) 0.8
Other 4914 (15%) 537 (13.7%) 0.03 357 (16.1%) 369 (16.6%) 0.6
Comorbidity
Cardiovascular 17,488 (53.3%) 2043 (52.1%) 0.2 1219 (54.9%) 1241 (55.9%) 0.5
Peripheral vascular 873 (2.7%) 103 (2.6%) 0.9 73 (3.3%) 75 (3.4%) 0.9
Hematological 5304 (16.2%) 524 (13.4%) <0.0001 401 (18.1%) 393 (17.7%) 0.8
Pulmonary 5410 (16.5%) 599 (15.3%) 0.1 363 (16.4%) 357 (16.1%) 0.8
Endocrine 8555 (26.1%) 949 (24.2%) 0.01 585 (26.4%) 610 (27.5%) 0.4
Renal 1409 (4.3%) 163 (4.2%) 0.7 118 (5.3%) 107 (4.8%) 0.5
Liver or gastrointestinal 575 (1.8%) 63 (1.6%) 0.5 35 (1.6%) 38 (1.7%) 0.7
Musculoskeletal 849 (2.6%) 75 (1.9%) 0.01 31 (1.4%) 40 (1.8%) 0.3
Neurological 1003 (3.1%) 111 (2.8%) 04 80 (3.6%) 73 (3.3%) 0.6
Immunodeficiency 15 (0.1%) 3(0.1%) 0.4 3(0.1%) 2 (0.1%) 0.7
Malignancy 13,938 (42.5%) 3786 (96.6%) <0.0001 2083 (93.9%) 2087 (94.1%) 0.8
Obesity 4667 (14.2%) 562 (14.3%) 0.9 307 (13.8%) 312 (14.1%) 0.8
Weight loss 917 (2.8%) 109 (2.8%) 1.0 80 (3.6%) 82 (3.7%) 0.9
Psychiatric 3423 (10.4%) 384 (9.8%) 0.2 208 (9.4%) 211 (9.5%) 0.9
Other 4183 (12.8%) 516 (13.2%) 0.5 355 (16%) 334 (15.1%) 0.4
Charlson comorbidity index score, mean (SD) 2.7 (1.8) 2.8 (1.9) <0.0001 3.20 (2.3) 3.22 (2.3) 0.7
Primary diagnosis
Benign colorectal neoplasm 7177 (21.9%) 558 (14.2%) <0.0001 201 (9.1%) 203 (9.2%) 0.9
Malignant colorectal neoplasm 13,726 (41.9%) 1945 (49.6%) <0.0001 1824 (82.2%) 1826 (82.3%) 0.9
Inflammatory bowel disease 1019 (3.1%) 84 (2.1%) 0.001 18 (0.8%) 17 (0.8%) 0.9
Diverticular disease 9965 (30.4%) 1228 (31.3%) 0.2 154 (6.9%) 151 (6.8%) 0.9
Functional disorder 691 (2.1%) 50 (1.3%) 0.001 15 (0.7%) 17 (0.8%) 0.7
Rectal prolapse 205 (0.6%) 53 (1.4%) <0.0001 7 (0.3%) 5(0.2%) 0.6
Primary procedure
Right colectomy 13,826 (42.2%) 888 (22.7%) <0.0001 591 (26.6%) 632 (28.5%) 0.2
Transverse colectomy 876 (2.7%) 59 (1.5%) <0.0001 55 (2.5%) 44 (2%) 0.3
Left colectomy 2430 (7.4%) 232 (5.9%) 0.001 128 (5.8%) 129 (5.8%) 0.9
Sigmoidectomy 11,825 (36.1%) 1164 (29.7%) <0.0001 396 (17.9%) 370 (16.7%) 0.3
Total or multiple segmental colectomy 809 (2.5%) 62 (1.6%) 0.001 26 (1.2%) 26 (1.2%) 1.0
Anterior resection 1868 (5.7%) 1048 (26.8%) <0.0001 634 (28.6%) 642 (28.9%) 0.8
Abdominoperineal resection 809 (2.5%) 326 (8.3%) <0.0001 296 (13.3%) 278 (12.5%) 0.4
Other rectal procedures 340 (1.0%) 139 (3.6%) <0.0001 93 (4.2%) 98 (4.4%) 0.7
Surgeon specialty
Colorectal 7422 (22.6%) 1736 (44.3%) <0.0001 873 (39.3%) 897 (40.4%) 0.5
Other 25,361 (77.4%) 2182 (55.7%) <0.0001 1346 (60.7%) 1322 (59.6%) 0.5
Hospital type
Teaching 13,445 (41%) 1786 (45.6%) <0.0001 1073 (48.4%) 1068 (48.1%) 0.9
Non-teaching 19,338 (59%) 2132 (54.4%) <0.0001 1146 (51.6%) 1151 (51.9%) 0.9
Hospital volume
Low 10,886 (33.2%) 981 (25%) <0.0001 561 (25.3%) 573 (25.8%) 0.7
Intermediate 11,205 (34.2%) 1403 (35.8%) 0.04 822 (37%) 786 (35.4%) 0.3
High 10,692 (32.6%) 1534 (39.2%) <0.0001 836 (37.7%) 860 (38.8%) 0.5

Data presented by frequency (n) and percentages (%), unless indicated otherwise

SD standard deviation
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Results

From 2012 to 2014, of 36,701 included procedures, 32,783
(89.3%) were laparoscopic resection while 3918 (10.7%)
were robotic resection. After propensity score matching,
4438 patients were included (2219 in each group).
Baseline characteristics before and after the match are illus-
trated in Table 1. After matching, laparoscopic and robotic
surgery had similar surgical conversion, in-hospital mortali-
ty, and length of stay. Thirty-day post-discharge readmission
was lower after robotic surgery (4.8 vs. 6.3%, p=0.04)
(Table 2). Surgical complications including post-operative
ileus, gastrointestinal complications related to surgery,
wound or intra-abdominal infection, hemorrhage or transfu-
sion, intestinal fistula, sepsis or septicemia, and wound dis-
ruption as well as cardiovascular, respiratory, neurological,
and urinary complications, thrombosis, and pulmonary em-
bolism were similar between groups (Table 3). Direct
($8643 vs. $11,038, p=<0.0001) and cumulative ($16,613
vs. $20,592, p=<0.0001) in-hospital costs at index admis-
sion were higher for robotic surgery (Table 2). The primary
reasons for increased in-hospital costs for robotic cases were
operating room ($4645 vs. $6585, p=<0.0001), central
supply ($3163 vs. $4628, p=<0.0001), pharmacy ($1245
vs. $1445, p=0.004), anesthesia ($531 vs. $599, p=0.001),
laboratory ($331 vs. $369, p =0.03), and therapeutic proce-
dure ($158 vs. $218, p=0.01) related costs. Professional
costs (mean [SD] $26 [$143] vs. $12 [$74], p=<0.0001)
were higher after laparoscopic surgery but room and board,
recovery room, physiotherapy, diagnostic procedures, radiol-
ogy, and medical equipment-related costs were the same.
Cost breakdown is illustrated in Table 4. Total costs
(316,994 vs. $20,822, p=<0.0001) including those for the
index admission and for up to 30 days after discharge were
higher for robotic surgery (Table 3).

Perioperative Outcomes, Complications, and Costs
over Time (2012-2014)

In the propensity score matching, 760, 1400, and 1632 colo-
rectal procedures were included in 2012, 2013, and 2014 anal-
yses, respectively. Although conversion to open approach re-
duced in 2013, the difference was insignificant in 2014.
Length of stay and in-hospital mortality were comparable be-
tween laparoscopic and robotic approaches for the included
years. Wound or abdominal infection (4.7 vs. 2.3%, p=0.01)
and respiratory complications (7.4 vs. 4.7%, p=0.02) were
significantly lower for the robotic group in the final year of
inclusion, 2014. The robotic approach was associated with
significantly higher direct, cumulative, and total costs com-
pared to laparoscopy in all the 3 years. However, the cost
difference between the two approaches reduced over time (di-
rect cost difference: 2012: $2698 vs. 2013: $2235 vs. 2014:
$1402) (Table 5). Perioperative outcomes and complications
for laparoscopic and robotic colorectal procedures over years
(2012-2014) are illustrated in Fig. 1.

Discussion

Recent studies evaluating robotic technology have reported
improved outcomes with the approach.”” Given the afore-
mentioned drawbacks of the studies, this analysis evaluates
outcomes after robotic colorectal surgery while controlling
for potential confounders, using a propensity score-matched
analysis of multicenter data. We found that the robotic ap-
proach can be performed with comparable clinical outcomes
and is associated with lower overall 30-day post-discharge
readmission but increased costs when compared to laparo-
scopic surgery. However, over time, robotic surgery has been
associated with a reduction in risk of wound/intra-abdominal

Table 2 Perioperative outcomes stratified by surgical approach before and after propensity score matching
Variable Pre-match Post-match
Laparoscopy Robot p value  Laparoscopy Robot p value
N=32,783 N=3918 N=2219 N=2219
Conversion to open surgery 412 (1.3%) 115 (2.9%) <0.0001 104 (4.7%) 81 (3.7%) 0.1
In-hospital mortality 152 (0.5%) 16 (0.5%) 0.6 14 (0.6%) 15 (0.7%) 0.9
Length of stay, days, mean (SD) 5(3.6) 54) 0.9 6(5.3) 5(4.6) 0.2
30-day post-discharge readmission 982 (3%) 119 (3%) 0.9 139 (6.3%) 107 (4.8%) 0.04
Direct index admission costs, mean (SD) $7750 ($6393) $10,397 ($13,272) <0.0001 $8643 ($11,038)  $11,038 ($14,848) <0.0001

Cumulative index admission costs, mean (SD) $14,813 ($11,381) $19,233 ($11,587) <0.0001 $16,613 ($12,206) $20,592 ($13,413) <0.0001

Total (includes 30-day post-discharge)
costs, mean (SD)

$15,004 ($11,767) $19.415 ($11,854) <0.0001 $16,994 ($12,760) $20,822 ($13,624) <0.0001

Data presented by frequency (n) and percentages (%), unless indicated otherwise

SD standard deviation
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Table 3  Postoperative complications stratified by surgical approach before and after propensity score matching
Variable Pre-match Post-match
Laparoscopy Robot p value Laparoscopy Robot p value
N=32,783 N=3918 N=2219 N=2219
Surgical complications
Postoperative ileus 5219 (15.9%) 508 (13%) <0.0001 355 (16%) 316 (14.2%) 0.1
GI complications related to procedure 2806 (8.6%) 261 (6.7%) <0.0001 215 (9.7%) 183 (8.3%) 0.1
Wound or intra-abdominal infection 2056 (6.3%) 256 (6.5%) 0.5 79 (3.6%) 69 (3.1%) 04
Hemorrhage or transfusion 2021 (6.2%) 226 (5.8%) 0.3 178 (8%) 161 (7.3%) 0.3
Intestinal fistula 728 (2.2%) 87 (2.2%) 1.0 28 (1.3%) 19 (0.9%) 0.2
Sepsis or septicemia 256 (0.8%) 35 (0.9%) 0.5 18 (0.8%) 29 (1.3%) 0.1
Wound disruption 114 (0.4%) 17 (0.4%) 0.4 16 (0.7%) 11 (0.5%) 0.3
Medical complications
Cardiovascular complications 3777 (11.5%) 391 (10%) 0.004 260 (11.7%) 274 (12.4%) 0.5
Respiratory complications 1879 (5.7%) 202 (5.2%) 0.1 133 (6%) 134 (6%) 1.0
Urinary complications 811 (2.5%) 88 (2.3%) 0.4 75 (3.4%) 55 (2.5%) 0.1
Neurological complications 226 (0.7%) 26 (0.7%) 0.9 12 (0.5%) 17 (0.8%) 04
Venous thrombosis or pulmonary embolism 147 (0.5%) 23 (0.6%) 0.2 15 (0.7%) 18 (0.8%) 0.6

Data presented by frequency (n) and percentages (%), unless indicated otherwise

infection and respiratory complications when compared to
laparoscopy. Further, the cost differences compared to lapa-
roscopy also reduced over time.

Reduced conversion to open surgery for robotic procedures
when compared to laparoscopy® has previously been
described.’ In the current study, while overall conversion to
open approach was higher for robotic surgery before matching
(2.9 vs. 1.3%, p=<0.0001), conversion was comparable in

the propensity score-matched analysis (4.7 vs. 3.7%, p=0.1).
Most previous studies demonstrate equivalent morbidity and
mortality after robotic and laparoscopic colorectal
surgery.”5!15717 Doleis et al” evaluated the effects of robotic
technology based on the type of colorectal resection. They
noted significantly reduced septic complications and margin-
ally decreased superficial surgical site infection and wound
dehiscence after robotic low anterior resection when

Table 4 In-hospital cost

breakdown after propensity score Category Laparoscopy Robot p value
matching N=2219 N=2219
Mean SD Mean SD

Room and board costs $5101 $6908 $5162 $6621 0.8
Surgery costs $4645 $3144 $6585 $4202 <0.0001
Supply costs $3163 $2504 $4628 $3620 <0.0001
Pharmacy costs $1245 $2209 $1445 $2338 0.004
Anesthesia costs $531 $557 $599 $741 0.001
Recovery room costs $498 $451 $484 $399 0.3
Laboratory costs $331 $502 $369 $626 0.03
Physiotherapy costs $253 $837 $270 $939 0.5
Diagnostic procedures costs $276 $355 $300 $602 0.1
Therapeutic costs $158 $463 $218 $1060 0.01
Radiology costs $132 $413 $141 $486 0.5
Professional costs $26 $143 $12 $74 <0.0001
Medical equipment costs $24 $126 $32 $166 0.1
Other costs $209 $1062 $319 $1316 0.002

SD standard deviation
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Table 5 Perioperative outcomes and complications over each included year (2012-2014) after propensity score matching
Variable 2012 2013 2014
Laparoscopy  Robot pvalue Laparoscopy Robot p value Laparoscopy Robot p value
N=380 N=380 N=700 N=700 N=816 N=2816
Perioperative outcomes
Conversion to open 13 (3.4%) 7 (1.8%) 0.2 42 (6%) 24 (3.4%) 0.02 41 (5%) 34 (4.2%) 0.4
surgery, n (%)
Length of stay, days, 6 (4.9) 5.7 (4.6) 0.4 532 (3.7) 54 (4.9) 0.7 5.6 (4.3) 53(3.8) 0.2
mean (SD)
30-day post-discharge 22 (5.8%) 16 (4.2%) 03 45 (6.4%) 38 (5.4%) 04 43 (5.3%) 42 (5.2%) 0.9
readmission, 1 (%)
Direct index admission $8837 ($8770) $11,535 0.04 $8656 $10,891 0.0004  $9128 $10,530 <0.0001
costs, mean (SD) ($23,636) ($7414) ($15,024) ($6272) ($8112)
Cumulative index $16,452 $20,477 ($13,753)  <0.0001 $16,779 $20,283 <0.0001 $17,392 $20,338 <0.0001
admission costs, ($13,665) ($15,167) ($14,596) ($11,042) ($11,370)
mean (SD)
Total (includes 30-day $16,892 $20,660 0.0003 $17,175 $20,559 <0.0001 $17,688 $20,646 <0.0001
post-discharge) costs, ($14,919) ($13,854) ($15.812) ($14,961) ($11,199) ($11,669)
mean (SD)
Surgical complications
Postoperative ileus, n (%) 64 (16.8%) 72 (19%) 0.4 111 (15.9%) 90 (12.9%) 0.1 139 (17%) 114 (14%) 0.1
GI complications related 43 (11.3%) 35(9.2%) 0.3 52 (7.4%) 58 (8.3%) 0.6 89 (10.9%) 71 (8.7%) 0.1
to procedure, n (%)
Wound or intra-abdominal 24 (6.3%) 16 (4.2%) 02 28 (4%) 22 (3.1%) 0.4 38 (4.7%) 19 (2.3%) 0.01
infection, n (%)
Hemorrhage or 29 (7.6%) 33 (8.7%) 0.6 53 (7.6%) 53 (7.6%) 1 65 (8%) 51 (6.3%) 0.2
transfusion, n (%)
Intestinal fistula, 7 (%) 7 (1.8%) 5 (1.3%) 0.6 9 (1.3%) 5(0.7%) 03 8 (1%) 9 (1.1%) 0.8
Sepsis or septicemia, n (%) 4 (1.1%) 6 (1.6%) 0.5 3(0.4%) 7 (1%) 0.2 11 (1.4%) 8 (1%) 0.5
Wound disruption, n (%) 1 (0.3%) 1 (0.3%) 1.0 5(0.7%) 3 (0.4%) 0.5 6 (0.7%) 3 (0.4%) 0.3
Medical complications
Cardiovascular 58 (15.3%) 46 (12.1%) 0.2 86 (12.3%) 80 (11.4%) 0.6 123 (15.1%) 111 (13.6%) 0.4
complications, n (%)
Respiratory 34 (9%) 28 (7.4%) 04 37 (5.3%) 42 (6%) 0.6 60 (7.4%) 38 (4.7%) 0.02
complications, n (%)
Urinary 9 (2.4%) 12 (3.2%) 0.5 23 (3.3%) 21 (3%) 0.8 23 (2.8%) 21 (2.6%) 0.8
complications, n (%)
Neurological 1(0.3%) 6 (1.6%) 0.1 5(0.7%) 2 (0.3%) 0.3 10 (1.2%) 5(0.6%) 0.2
complications, n (%)
Venous thrombosis or 2 (0.5%) 3 (0.8%) 0.7 4 (0.6%) 4 (0.6%) 1.0 6 (0.7%) 7 (0.9%) 0.8

pulmonary
embolism, n (%)

SD standard deviation

compared to laparoscopy.’ A previous analysis of administra-
tive data revealed reduced post-operative ileus and anastomot-
ic complications after robotic colectomy.'® We evaluated a
number of surgical and medical in-hospital complications af-
ter robotic and laparoscopic colorectal surgery. Prior
matching, post-operative ileus (15.9 vs. 13%, p=<0.0001),
GI complications (8.6 vs. 6.7%, p =< 0.0001), and cardiovas-
cular complication (11.5 vs. 10%, p = 0.004) were lower after
robotic than laparoscopic surgery. However, in-hospital mor-
tality and post-operative complications including post-
operative ileus, GI complications, surgical site infection,
bleeding or transfusion, sepsis or septicemia, intestinal fistula,
and wound disruption as well as medical adverse events such
as cardiovascular, respiratory, urinary, and neurological com-
plications, venous thrombosis, or pulmonary embolism were
similar in the propensity score-matched analysis.

With regard to post-operative recovery, earlier studies dem-
onstrated prolonged® or comparable recover after robotic in
comparison to laparoscopic surgery.6 More recent studies re-
port shorter hospitalization after particular resection including
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robotic right and left colectomy,” abdominal and pelvic
resections,8 or robotic right, left, and low anterior resection
when compared to conventional laparoscopy.” However, these
studies evaluated small colectomy sample sizes’* without
adjusting for the confounding factors.” In the current propen-
sity score-matched analysis, hospital stay was the same (mean
[SD], day: 5 [4.6] vs. 6 [5.3], p=0.2) after laparoscopic and
robotic procedures. While comparable 30-day readmission
rates between the two surgical approaches have previously
been reported,”” a recent study demonstrated a marginal in-
crease in 30-day readmission after robotic colectomy.'® As
prolonged hospitalization may reduce the rates of readmis-
sion, the evaluation of 30-day post-operative readmission’ >
'¥ alone may have led to these opposing findings. In the cur-
rent study, when readmissions up to after 30 days from hospi-
tal discharge were assessed, the robotic approach was associ-
ated with reduced 30-day post-discharge readmission (6.3 vs.
4.8%, p =0.04) when compared to laparoscopy. The associa-
tion between robotic surgery and a reduced need for super-
vised care at another facility after discharge has previously
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Fig. 1 Graphs showing perioperative outcomes and complications for laparoscopic and robotic colorectal procedures over time (2012-2014)

been demonstrated.'® Although short-term in-hospital compli-
cations were equivalent between the two groups, our findings
of reduced readmission up to 30 days after discharge suggest a
potential recovery advantage with robotic surgery.

When evaluating total in-hospital costs> %712 or
charges,'® robotic technology has been found to be associated
with a significantly higher financial burden.>®'%'"1719 In our
analysis, direct, cumulative (direct and indirect), and total (cu-
mulative plus 30-day post-discharge) costs were evaluated

after matching 2219 robotic colorectal procedures using recent
multicenter data. Direct, cumulative, and total costs were all
higher for robotic surgery, findings consistent with prior re-
ports. Keller et al* evaluated the costs of in-hospital resources
and found that hospitalization, central supply, and surgery
costs were higher after robotic colon and rectal resections.
There were no differences in anesthesia, pharmacy, or labora-
tory costs between the two approaches.* This earlier non-
propensity score-matched assessment was limited to 744
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robotic procedures prior to 2012. In addition, cost comparison
was limited to few in-hospital resources. In our analysis of
data from 2012 to 2014, surgery, supply, pharmacy, anesthe-
sia, laboratory, therapeutic procedure-related and other costs
were higher for robotic surgery. Professional costs were higher
for laparoscopy while room and board, recovery room, phys-
iotherapy, diagnostic procedures, radiology, and equipment
costs were equivalent for laparoscopy and robotic surgery.

Due to the learning curve associated with new technology,
with the improvement in outcomes as well as costs that is an-
ticipated over time, laparoscopic and robotic colorectal proce-
dures were matched and compared for each year of inclusion
(2012-2014). After propensity score matching, 760, 1400, and
1632 procedures were included for 2012, 2013, and 2014 anal-
yses, respectively. In the most recent year included (2014),
wound/intra-abdominal infections and respiratory complica-
tions were significantly lower after the robotic approach.
Robotic surgery was associated with higher direct, cumulative,
and total costs each year. However, cost differences between
robotic and laparoscopic procedures gradually decreased over
time. The difference in direct costs reduced by $1269 from
2012 to 2014. Current literature has limited information on
the impact of our growing experience with robotic surgery on
the utilization of hospital resources. We noted that surgery and
supply costs were higher for robotic surgery when compared to
laparoscopy for all the included years while room and board,
pharmacy, laboratory, physiotherapy, and radiology costs were
similar for the two approaches. Although anesthesia, diagnostic
procedures, and equipment expenses were higher for robotic
surgery in 2014, recovery room and professional costs were
significantly lower. The cost differences for room and board,
radiology, laboratory, and therapeutics decreased over time.

The strength of the study is the detailed assessment of spe-
cific clinical and financial outcomes after robotic colorectal
surgery in comparison to laparoscopy for a large number of
patients while controlling for potential confounders. The eval-
uation of changes over time also helps the clinician understand
the projected future value of robotic technology, if any, as we
continue to accrue experience and uptake. Potential limita-
tions of the study include the retrospective design and the
use of administrative data which do not provide clinically
relevant information such as procedural complexity, patient
factors such as body mass index, and laboratory values that
may be expected to influence some outcomes.

The findings of our analysis suggest that robotic colorectal
surgery can be performed with comparable safety and out-
comes to laparoscopy. Some other potential benefits such as
reduced 30-day post-discharge readmission, wound infec-
tions, and respiratory complications may also emerge with
the increased uptake of the technique. Although the overall
expenses are greater with the newer technology, the cost dif-
ferences between robotic and laparoscopic approaches have
been decreasing over time.

@ Springer

Conclusion

Robotic technology for colorectal surgery is associated with
comparable clinical outcomes to laparoscopy. With greater
use of the technology, some recovery benefits may be evident.
While robotic surgery is more expensive, cost differences
compared to laparoscopy have been reducing over time.
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