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ABSTRACT

Background: Robotic approaches have become increas-
ingly used for colorectal surgery. The aim of this study is
to examine the safety and efficacy of robotic colorectal
procedures in an adult population.

Study Design: A systematic review of articles in both
PubMed and Embase comparing laparoscopic and robotic
colorectal procedures was performed. Clinical trials and
observational studies in an adult population were in-
cluded. Approaches were evaluated in terms of operative
time, length of stay, estimated blood loss, number of
lymph nodes harvested, and perioperative complications.
Mean net differences and odds ratios were calculated to
examine treatment effect of each group.

Results: Two hundred eighteen articles were identified,
and 17 met the inclusion criteria, representing 4,342 pa-
tients: 920 robotic and 3,422 in the laparoscopic group.
Operative time for the robotic approach was 38.849 min-
utes longer (95% confidence interval: 17.944 to 59.755).
The robotic group had lower estimated blood loss (14.17
mL; 95% confidence interval: –27.63 to –1.60), and pa-
tients were 1.78 times more likely to be converted to an
open procedure (95% confidence interval: 1.24 to 2.55).
There was no difference between groups with respect to
number of lymph nodes harvested, length of stay, read-
mission rate, or perioperative complication rate.

Conclusions: The robotic approach to colorectal surgery
is as safe and efficacious as conventional laparoscopic
surgery. However, it is associated with longer operative
time and an increased rate of conversion to laparotomy.
Further prospective randomized controlled trials are war-
ranted to examine the cost-effectiveness of robotic colo-

rectal surgery before it can be adopted as the new stan-
dard of care.
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INTRODUCTION

Since the Clinical Outcomes of Surgical Therapy Study
Group published its results in 2007 on the first multi-
center, randomized controlled trial assessing the laparo-
scopic approach to colon resection for malignancy, many
subsequent studies have reported similar findings. The
laparoscopic approach was not only as safe and effica-
cious; it was superior in perioperative outcomes and post-
operative patient recovery.1–5 Following these results,
many institutions began using laparoscopy as the standard
approach for treatment of colorectal diseases.

In the current era of minimally invasive surgery, however,
use of the da Vinci robot (Intuitive Surgical, Sunnyvale,
California) has become increasingly popular and an ac-
cepted modality in many fields, such as urology and
gynecology.6,7 With regard to colorectal procedures, many
studies have been published indicating that the robotic
approach is equal in safety and efficacy to the conven-
tional laparoscopic approach, broadening its application
in this arena.8–24

Interest in expanding the robot’s application to colorectal
procedures has been driven in part by the theoretical
technological advancements it has over conventional lap-
aroscopy. With robotic surgery, the EndoWrist (Intuitive
Surgical) function allows a greater range of articulation
and tremor reduction.5,25 The operating field is repre-
sented in 3 dimensions, allowing significantly improved
views and depth perception through a surgeon-operated
camera.26 In contrast, the costs associated with the da
Vinci robot are a significant prohibitive factor at many
institutions to widespread use.13,18,20,27 Other drawbacks
include the loss of haptic feedback and a steeper learning
curve.20,28 Additionally, some studies have reported lon-
ger operating times with the robotic approach compared
with traditional laparoscopy.8,12,14,16,18,22
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Before accepting the robotic approach for widespread use
in colorectal procedures, it is important to thoroughly
evaluate it in comparison with the current standard of
treatment, conventional laparoscopy. The aim of this
study was to examine the safety and efficacy of robotic
colorectal procedures in an adult population compared
with laparoscopy using a systematic review and meta-
analysis. The 2 operative approaches were evaluated in
terms of operative time, estimated blood loss (EBL), con-
version to open procedure, length of hospital stay (LOS),
readmission rate, number of lymph nodes harvested, time
to return of bowel function, time to initiation of soft diet,
and perioperative complications.

MATERIALS AND METHODS

Search Methodology

Two independent reviewers conducted a systematic re-
view of publications in PubMed and Embase comparing
robotic and laparoscopic colorectal procedures. Data-
bases were searched irrespective of publication date using
the Medical Subject Headings “laparoscopic robotic colec-
tomy,” “laparoscopic colon resection robot,” and “laparot-
omy colon robot.”

Publications were included in the study if they met the
following criteria: (1) comparative studies examining lapa-
roscopic versus robotic colorectal procedures, regardless
of type (eg, right hemicolectomy, low anterior resection,
sigmoid resection); (2) randomized controlled trials, con-
trolled clinical trials, or observational studies, if they were
comparative in nature; and (3) studies that reported vari-
ous outcomes of interest, including but not limited to total
operative time, LOS, conversions to open procedure, post-
operative outcomes, and oncologic sufficiency. Non-Eng-
lish studies, noncomparative studies, preclinical studies
(cadaveric experiences), studies on the pediatric popula-
tion, nonclinical review articles, abstracts, case reports,
editorials, expert opinions, commentary articles, and let-
ters were excluded. The reference lists of articles were
reviewed for additional relevant studies for inclusion in
the pooled analysis. Results of the 2 reviews by each
independent reviewer were compared for accuracy, with
all disagreements resolved by consensus. The sole dis-
crepancy between the 2 reviewers involved a specific
institutional group experience reporting repeated data in
different studies. Only the publication by the same author
or institution with the largest sample size was included for
the present analysis.

Statistical Analysis

The outcomes of interest for meta-analysis included total
operative time, EBL, conversion to open procedure, LOS,
readmission, number of nodes harvested, time to return of
bowel function (flatus), time to initiation of soft diet, total
number of postoperative complications, and number of
readmissions. Conversion to open procedure was defined
as a conversion to standard laparotomy through the ex-
tension or creation of a midline incision for purposes
other than specimen removal. Data on conversions from a
robotic procedure to standard laparoscopy were not ana-
lyzed in this study, because of insufficient reporting
among the publications. Only 2 papers reported on ro-
botic-to-laparoscopic conversions, yielding 4 total of such
occurrences, compared with a raw total of 22 robotic-to-
laparotomy conversions.10,16 A postoperative complica-
tion was defined as a complication arising within 30 days
of the procedure, occurring as a direct result of the sur-
gery. Because of the complexity and variation in the
reporting of complications, statistical analysis was based
on the absolute total number of complications reported
and did not include analysis of individual types of com-
plications.

Demographics and other relevant data were collected,
including study design, number of patients who under-
went robotic procedures, number of patients who under-
went laparoscopic procedures, patient age, body mass
index, numbers of men and women, history of abdominal
surgery, and indication for surgery.

All data were extracted from the articles’ text, tables, and
figures and entered into a computerized spreadsheet for
analysis. For continuous outcomes, mean net differences
(baseline-to-treatment change in treatment group mirrors
change in control group) were used as primary outcomes.
For categorical outcomes, odds ratios were used to exam-
ine the treatment effect. DerSimonian and Laird random-
effects models were used to pool mean net changes or
odds ratios across the studies.29 The presence of hetero-
geneity was assessed with the Cochran Q test, and the
extent of heterogeneity was quantified with the I2 index.
To assess publication bias, funnel plots were constructed
for each outcome. The Begg rank correlation test was
used to examine the asymmetry of the funnel plot, and the
Egger weighted linear regression test was used to examine
the association between the mean effect estimate and its
variance. No significant publication bias was detected for
any study outcome using either statistical method. Addi-
tionally, sensitivity analyses were conducted by excluding
each study in turn, to evaluate its relative influence on the
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pooled estimates. All analyses were conducted in Stata
version 10 (StataCorp LP, College Station, Texas).

RESULTS

Literature Search Results

The literature search yielded 216 articles from 2 databases
(PubMed and Embase) and 2 additional articles through a
manual review of reference lists. The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses were
used as a model for mapping out the number of records
identified and included and the reasons for exclusion
(Figure 1).30 Of the 218 articles identified, 201 were
excluded because of characterization as descriptive arti-
cles, pediatric studies, out-of-scope articles, case reports,
and non-English-language articles. Seventeen full-text ar-
ticles were then assessed for eligibility and included for
final quantitative data analysis.

Description of Included Trials

In total, the analysis represents 4,342 patients across 17
comparative studies, 920 who underwent robotic colorec-
tal procedures and 3,422 who underwent laparoscopic
procedure (Table 1). Three articles further subdivided
patients into 2 groups each, on the basis of the type of
colorectal procedure.16,18,22 For example, Deutsch et al16

included 171 patients in total, 65 who underwent right
colectomy (47 laparoscopic, 18 robotic) and 106 who
underwent left colectomy (45 laparoscopic, 61 robotic).
As a result, our study considered each subgroup divided
by procedure to be separate for purposes of data analysis,
yielding 20 individual study populations across 17 publi-
cations for each of the robotic and laparoscopic ap-
proaches. In terms of diagnoses, 12 studies examined
robotic versus laparoscopic colorectal surgery for malig-
nant conditions.8,9,11,12,14,15,17,19–21,23,24 One study exclu-
sively examined patients with inflammatory bowel con-
ditions.22 The remaining 4 studies included both benign
and malignant colorectal diseases.10,13,16,18 With regard
to procedure types, 2 study populations included only
patients who underwent right hemicolectomy.16,18 Two
studies examined patients who underwent low anterior
resection.14,23 One group included sigmoid resections
alone.18 Two study populations included patients who
underwent total colectomy alone.22 The remaining 13
study groups included combinations of colorectal pro-
cedures.8–13,15,17,19–21,24

Operative Outcomes

Operative Time
This parameter was adequately reported for 15 study pop-
ulations, with a statistically significant pooled net mean
difference of 38.849 minutes longer for robotic procedures
compared with the laparoscopic approach (95% confi-
dence interval [CI]: 17.944–59.755) (Figure 2). Although 3
studies reported that the robot had a trend toward slightly
shorter operating times (less than a 10-minute difference),
none of these findings were of statistical signifi-
cance.11,23,24 One study did not report operative time.13

Four other studies reported operative time but did not
include standard deviation values and were thus excluded
from the data analysis.18,21–23

EBL
Thirteen study populations included data on EBL (Figure
3). The EBL was 14.17 mL less in the robotic group than in
the laparoscopic group, a statistically significant value
(95% CI: –27.63 to –1.60). Six studies did not report aver-
age EBL.9,13,17,19,21,23 One study included a mean value but
did not report the standard deviation and was thus ex-
cluded.20

Number of Harvested Lymph Nodes
Among the 9 publications that reported on the number of
harvested lymph nodes, there was no significant differ-
ence between the robotic and laparoscopic approaches,
with a pooled mean net change of –0.686 nodes (95% CI:
–2.402 to 1.030) (Figure 4). Six study populations were
excluded from data analysis because no standard devia-

Figure 1. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses flowchart of literature search and study selection.
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tions were reported with the values.16,17,19–23 It should be
noted that in 1 laparoscopic group, the average number of
harvested lymph nodes was �12, compared with 4 ro-
botic groups in which this occurred.11,12,16,24

Days to Return of Bowel Function
Eleven study groups reported the number of days to
flatus, yielding no difference between the robotic and

laparoscopic approaches, with a pooled mean net change
of 0.061 days (95% CI: –0.232 to 0.355 days) (Figure 5).
One study was excluded because of missing data for
standard deviation.21

Days to Soft Diet
Among the 7 publications reporting the number of days to
the initiation of a soft diet, there was no statistically sig-

Table 1.
Studies Selected for Inclusion in Systematic Review

Indication

Malignancy Diverticular
Disease

Benign Other

Study Year Country Study Design Sample
n

ROB
n

LAP
n

ROB LAP ROB LAP ROB LAP ROB LAP

Park et al8 2012 Korea Randomized controlled
trial

80 40 40 40 40 0 0 0 0 0 0

Park et al9 2011 Korea Retrospective 175 52 123 52 123 0 0 0 0 0 0

D’Annibale
et al10

2004 Italy Retrospective 106 53 53 22 42 0 0 31 11 0 0

Baek et
al11

2013 South
Korea

Retrospective 84 47 37 47 37 0 0 0 0 0 0

Saklani et
al12

2013 South
Korea

Retrospective 138 74 64 74 64 0 0 0 0 0 0

Tyler et
al13

2013 USA Retrospective 2,583 160 2,423 58 1,032 58 843 44 548 0 0

Lim et al14 2013 South
Korea

Retrospective 180 34 146 34 146 0 0 0 0 0 0

Shin15 2011 Korea Retrospective 60 30 30 30 30 0 0 0 0 0 0

Deutsch et
al16

2012 USA Retrospective 171 79 92 8 32 58 34 13 19 0 7

Kwak et
al17

2011 Korea Retrospective 118 59 59 59 59 0 0 0 0 0 0

Rawlings
et al18

2007 USA Retrospective 57 30 27 5 8 8 12 16 6 1 1

Helvind et
al19

2012 Denmark Retrospective case
control

263 101 162 101 162 0 0 0 0 0 0

Bertani et
al20

2011 Italy Retrospective 64 34 30 34 30 0 0 0 0 0 0

Bianchi et
al21

2010 Italy Retrospective 50 25 25 25 25 0 0 0 0 0 0

Miller22 2012 USA Retrospective 34 17 17 0 0 0 0 0 0 17 17

Baik23 2009 Korea Prospective comparative
nonrandomized

113 56 57 56 57 0 0 0 0 0 0

Patriti24 2009 Italy Retrospective 66 29 37 29 37 0 0 0 0 0 0

Abbreviations: LAP, laparoscopic approach; ROB, robotic approach.
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nificant difference between the 2 groups, with a pooled
mean net change of –0.349 days (95% CI: –0.701 to 0.002)
(Figure 6). One study was excluded because of a lack of
reported standard deviation.21

LOS
This parameter was reported in 14 study populations.
Analysis yielded no difference in LOS between the robotic
and laparoscopic groups, with a pooled mean net change
of 0.159 days (95% CI: 0.698 to 1.016) (Figure 7).

Conversion to Open Procedure
All 20 study samples reported data on whether the pro-
cedure was converted to open. Five studies reported val-
ues without standard deviations and were thus excluded
from analysis.11,13,19–21 Using calculated odds ratios, ro-
botic colorectal procedures were found to be 1.78 times
significantly more likely to be converted to an open pro-
cedure compared with the laparoscopic approach (95%
CI: 1.24–2.55) (Figure 8).

Hospital Readmission
Three publications included data on hospital readmis-
sions.11,12,14 There was a trend toward higher 30-day re-
admission rates for patients undergoing robotic proce-
dures, but this was found not to be significantly different
compared with laparoscopic procedures (95% CI: 0.20–
1.79) (Figure 9).

Postoperative Complications
Seventeen study populations reported data on postoper-
ative complications. There was no standard for reporting
complications across the articles, with varying types and
numbers of categories. Some studies included an “other”
category but did not further specify the type of complica-
tion. Raw totals for complications included 188 in the
laparoscopic group and 133 in the robotic group. Some of

Figure 2. Forest plot and pooled analysis of mean difference in
operative time between robotic and laparoscopic approaches.
The mean difference in operative time is reported for each study
(black square) along with its 95% confidence interval (CI) (hor-
izontal lines). The size of the square represents the weighted
contribution of each study, and the diamond in the last line
represents the pooled estimate and its 95% CI (width of dia-
mond).

Figure 3. Forest plot and pooled analysis of mean difference
in blood loss between robotic and laparoscopic approaches.
The mean difference in blood loss is reported for each study
(black square) along with its 95% confidence interval (CI)
(horizontal lines). The size of the square represents the
weighted contribution of each study, and the diamond in the
last line represents the pooled estimate and its 95% CI (width
of diamond).
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the most commonly reported complications included
wound infection, anastomotic leak, intra-abdominal ab-
scess, postoperative bleeding, and ileus. Of the 3,422
laparoscopic procedures and 920 robotic procedures,
there were 18 and 9 reported wound infections (0.53% vs
0.98%), 48 and 36 reported anastomotic leaks (1.40%
vs 3.91%), 17 and 11 intra-abdominal abscesses (0.50% vs
1.20%), 15 and 12 cases of postoperative bleeding (0.44%
vs 1.30%), and 35 and 19 reported cases of ileus (1.02% vs
2.07%), respectively.

Statistical analysis in this study was based on the total
number of complications. The robotic approach to colo-
rectal procedures was found to have similar overall com-
plication rates compared with the laparoscopic approach
(95% CI: 0.90–1.34) (Figure 10).

DISCUSSION

This meta-analysis of 17 publications and �4,300 pa-
tients comparing robotic and laparoscopic colorectal
surgery comprises the most comprehensive and current
results available on the subject. The data suggest that
the robotic approach is as safe and effective as the
laparoscopic approach. However, the operative time in

robotic procedures was approximately 40 minutes lon-
ger than in laparoscopic procedures. Of the studies
included for analysis, 6 of 15 reported significant dif-
ferences, with all 6 indicating that robotic procedures
had longer operating times.8,12,14,16,18,22 The time spent
docking the robot as well as the time necessary for
maintenance of equipment and drapes specific to the
robot have been shown to decrease with experience.9,19

However, despite the learning curve that exists with
implementing new equipment and technology,20,28

most of these studies involved colon and rectal proce-
dures performed by either a single surgeon or a small
group of 2 to 4 surgeons, all of whom had prior training
and experience with robotic surgery.8–11,15–18,23

Although cost analysis was not conducted in this study,
previous studies have consistently demonstrated in-
creased costs when performing robotic colon and rectal
surgery, and that part of these costs is related predomi-
nantly to longer procedure times.27,28,31 When considering
the future of colorectal surgery, the extent to which the da
Vinci robot will be used over conventional laparoscopy
will be partially dependent on the valuation of the time
and cost associated with longer procedures.

Figure 4. Forest plot and pooled analysis of mean difference
in the number of harvested lymph nodes between robotic and
laparoscopic approaches. The mean difference in number of
harvested lymph nodes is reported for each study (black
square) along with its 95% confidence interval (CI) (horizontal
lines). The size of the square represents the weighted contri-
bution of each study, and the diamond in the last line repre-
sents the pooled estimate and its 95% CI (width of diamond).

Figure 5. Forest plot and pooled analysis of mean difference in
the number of days until return of bowel function (flatus) be-
tween robotic and laparoscopic approaches. The mean differ-
ence in the number of days until return of bowel function is
reported for each study (black square) along with its 95% con-
fidence interval (CI) (horizontal lines). The size of the square
represents the weighted contribution of each study, and the
diamond in the last line represents the pooled estimate and its
95% CI (width of diamond).
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EBL was 14 mL less in robotic procedures than in laparo-
scopic cases. Although statistically significant, there was
no clinically relevant difference. Although 1 of the theo-
retical advantages of robotic over conventional laparo-
scopic surgery is that a more precise technique and tremor
reduction would minimize tissue trauma and blood loss,
this claim has not been consistently substantiated in the
literature. Of the 13 studies included for analysis here,
only 1 yielded a statistically significant difference in blood
loss. Furthermore, it demonstrated greater blood loss in
the robotic group compared with the laparoscopic group
(123 vs 76 mL, P � .0358).16 Unlike the more pronounced
reductions in blood loss with conventional laparoscopy
over the open approach, this meta-analysis found a sta-
tistically, but not clinically, significant reduction with ro-
botic over laparoscopic procedures.28,32

In addition to minimizing blood loss, the biggest theoret-
ical advantage touted by proponents of the robotic ap-
proach is the decreased necessity for converting the pro-
cedure to laparotomy. This is especially true when
operating in the narrow space of the pelvis, as seen in
cases involving the rectum and some gynecologic and
urologic procedures.6,7 However, this meta-analysis
showed that the robotic approach was 1.78 times more

likely to be converted to an open procedure than the
laparoscopic approach. This important finding contradicts
the popular belief that the robot’s benefit of finer dissec-
tion over laparoscopy allows the decreased need to con-
vert procedures to open. In fact, it negates one of the most
significant theoretical advantages of robotic surgery over
laparoscopy. In assessing the rate of conversion to lapa-
rotomy, a history of previous abdominal surgery in a
patient can be a confounding factor. Studies with a higher
proportion of patients who have had prior surgery may
have a higher rate of conversions because of the presence
of adhesions and scarring. Baik et al23 attempted to ad-
dress this issue in their study. Their study showed that of
the 6 laparoscopic procedures converted, no patient had a
history of previous abdominal surgery. Additionally, no
robotic cases were converted. In this particular study, it
appeared that the type of approach (robotic vs laparo-
scopic) played a greater role in influencing conversion
rates than did a history of abdominal surgery, indicating
that the latter may not be a contraindication to robotic
surgery. No other studies have addressed this particular
issue at this time.

With respect to oncologic resection, there was no differ-
ence between the robotic and laparoscopic approaches in
terms of the number of lymph nodes harvested in colo-
rectal procedures performed for malignancy. Of note,

Figure 7. Forest plot and pooled analysis of mean difference in
the length of hospital stay between robotic and laparoscopic
approaches. The mean difference in the length of hospital stay is
reported for each study (black square) along with its 95% con-
fidence interval (CI) (horizontal lines). The size of the square
represents the weighted contribution of each study, and the
diamond in the last line represents the pooled estimate and its
95% CI (width of diamond).

Figure 6. Forest plot and pooled analysis of mean difference in
the number of days until initiation of soft diet between robotic
and laparoscopic approaches. The mean difference in the num-
ber of days until initiation of soft diet is reported for each study
(black square) along with its 95% confidence interval (CI) (hor-
izontal lines). The size of the square represents the weighted
contribution of each study, and the diamond in the last line
represents the pooled estimate and its 95% CI (width of dia-
mond).
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among the 15 study populations included for this analysis,
1 of the laparoscopic groups yielded an average number
of nodes �12 (when �12 is generally considered the
standard for sufficient oncologic resection), compared
with 2 of the robotic groups. Laparoscopy has been pre-
viously shown to yield sufficient nodal retrieval for an
oncologic resection, and this meta-analysis showed simi-
lar outcomes for both laparoscopic and robotic ap-
proaches.4

The LOS likewise did not differ between the laparoscopic
and robotic groups. As with operative time, the number of
days a patient spends postoperatively in the hospital has
significant implications consequential to the associated
costs. There was no difference between the 2 groups in
terms of number of days to flatus, number of days to
initiation of soft diet, or readmission rates.

Intra-operative complications beyond the scope of con-
versions to laparotomy were sparsely reported. One study
reported a nonsignificant rate of intra-operative complica-
tions between robotic and laparoscopic groups (P � .657)
but did not define what these complications were.13

Across 5 of the included studies, there were 4 bowel
injuries in the robotic group,10,18,20 2 bowel injuries in the

laparoscopic group,20,23 1 case of ischemia in a laparo-
scopic patient,21 and 1 patient in the robotic group who
fell off the operating table.18

The reporting of postoperative complications differed
greatly between studies. Because of the complexity and
variation in reporting, statistical analysis was based on
the absolute total number of complications reported
and yielded no significant difference between robotic
and laparoscopic approaches. Four studies included in
this meta-analysis quantitatively analyzed individual
complications, and 3 of the studies found no significant
difference between the robotic and laparoscopic
groups.17,19,24 The study by Tyler et al13 found that the
rates of postoperative ileus, anastomotic complications,
and mortality were greater in the laparoscopic group
and that wound infections, deep vein thromboses and
pulmonary emboli, and fistulas were more common in
the robotic group (P � .05). The lack of subanalysis of
specific complications resulting from either surgical ap-
proach is a limitation of this study. Further analyses that
break down specific complications that may be directly
related to colon and rectal surgery, such as wound
infections and anastomotic leak, may be useful and
warranted in the future.

Figure 8. Forest plot and pooled analysis of odds ratio for
conversion to laparotomy between robotic and laparoscopic
approaches. The odds ratio for conversion to laparotomy is
reported for each study (black square) along with its 95% con-
fidence interval (CI) (horizontal lines). The size of the square
represents the weighted contribution of each study, and the
diamond in the last line represents the pooled estimate and its
95% CI (width of diamond).

Figure 9. Forest plot and pooled analysis of odds ratio for
hospital readmission between robotic and laparoscopic ap-
proaches. The odds ratio for hospital readmission is reported for
each study (black square) along with its 95% confidence interval
(CI) (horizontal lines). The size of the square represents the
weighted contribution of each study, and the diamond in the last
line represents the pooled estimate and its 95% CI (width of
diamond).
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In addition to evaluating new technology for safety and
efficacy in comparison to the current standard of treat-
ment, the issue of cost is of great importance given the
fluctuating state of the health care system. As men-
tioned previously, cost-effectiveness was not an out-
come that was specifically addressed within this study,
but a few reports warrant mentioning here as they
pertain to discussing robotic and laparoscopic ap-
proaches for colon and rectal surgery. Tyler et al13

reported that the total cost of a hospital encounter for a
robotic colectomy was $3,424 greater than laparoscopy
when adjusted for variations in geographic location and
hospital status (eg, private for-profit, public, teaching
hospital) (P � .001). A study by Park et al27 in Korea
showed that the total cost of a robotic colectomy was
$1,916 more than that of a laparoscopic colectomy (P �
.013). They also reported that the charges to patients
were $3,604 more for the robotic approach (P � .018).
International discrepancies in health care costs aside,
studies in the United States and elsewhere have re-
ported similar findings suggesting that robotic surgery
costs thousands more per patient both to the hospital
and to patients themselves.18,20 The significantly higher
costs of robot-assisted surgery may not justify the few
and arguably minor advantages over conventional lap-

aroscopy. This must be further investigated with cost-
effectiveness analysis to determine the long-term utility
of robotic surgery in colorectal procedures after profi-
ciency has been reached with the robotic approaches.

Previous studies have also compared published literature
on robotic colorectal surgery. In a systematic review by
Kim et al33 examining studies encompassing 2,644 pa-
tients who underwent open, laparoscopic, and robotic
colorectal surgery between 2002 and 2013, the investiga-
tors found longer operative times, lower blood loss,
shorter LOS, and higher cost associated with the robot. In
stark contrast however, more than half of their included
studies reported lower conversion rates with the robot
compared with the laparoscopic approach. Unfortunately,
no meta-analysis was performed. Another systematic re-
view by Witkiewicz et al34 examining right robotic hemi-
colectomies exclusively also demonstrated longer opera-
tive times and higher cost with robotic procedures. They
observed that right hemicolectomies could serve as a
training platform in a surgeon’s early experience with the
da Vinci robot.

Although this meta-analysis is comprehensive and the
most current evaluation of robotic and laparoscopic ap-
proaches to colon and rectal surgery to date, it should be
interpreted in the context of some limitations. First, 4 of
the included studies were composed only of American
populations, compared with 7 with Asian populations.
Studies with Asian populations reported lower patient
body mass index than studies with American populations.
This has a number of implications on the data, including
effects on the operative time and perioperative complica-
tions. Second, the paucity of current randomized con-
trolled trials further limits the results of our meta-analysis.
Furthermore, not all of the studies reported on all out-
comes examined within this analysis, leading to variations
in the included sample sizes and statistical power between
outcomes. Each study has its own biases and limitations,
with different inclusion and exclusion criteria, varying
indications for surgery, and different types of included
colorectal procedures.

CONCLUSIONS

In conclusion, this systematic literature review and
meta-analysis suggests that the robotic approach is
equally safe and efficacious in comparison with the
conventional laparoscopic colorectal approach. How-
ever, the robotic approach tended to have longer op-
erating times, less blood loss, and a higher rate of
conversion to an open procedure compared with lapa-

Figure 10. Forest plot and pooled analysis of odds ratio for total
overall complications between robotic and laparoscopic ap-
proaches. The odds ratio for total overall complications is re-
ported for each study (black square) along with its 95% confi-
dence interval (CI) (horizontal lines). The size of the square
represents the weighted contribution of each study, and the
diamond in the last line represents the pooled estimate and its
95% CI (width of diamond).
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roscopy. On the basis of the findings of this meta-
analysis, there does not appear to be any clear advan-
tage of a robotic approach over a laparoscopic one for
colorectal surgery. Future studies encompassing pro-
spective randomized controlled trials and cost-effec-
tiveness are warranted to determine whether a robotic
approach will have any place in colorectal procedures.
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