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Abstract

Background: Rapid adoption of robotic-assisted general surgery procedures, particularly for cholecystectomy,
continues while questions remain about its benefits and utility. The objective of this study was to compare the
clinical effectiveness of robot-assisted cholecystectomy for benign gallbladder disease as compared with the
laparoscopic approach.

Methods: A literature search was performed from January 2010 to March 2020, and a narrative analysis was
performed as studies were heterogeneous.

Results: Of 887 articles screened, 44 met the inclusion criteria (range 20-735,537 patients). Four were randomized
controlled trials, and four used propensity-matching. There were variable comparisons between operative
techniques with only 19 out of 44 studies comparing techniques using the same number of ports. Operating room
time was longer for the robot-assisted technique in the majority of studies (range 11-55 min for 22 studies, p <
0.05; 15 studies showed no difference; two studies showed shorter laparoscopic times), while conversion rates and
intraoperative complications were not different. No differences were detected for the length of stay, surgical site
infection, or readmissions. Across studies comparing single-port robot-assisted to multi-port laparoscopic
cholecystectomy, there was a higher rate of incisional hernia; however, no differences were noted when comparing
single-port robot-assisted to single-port laparoscopic cholecystectomy.

Conclusions: Clinical outcomes were similar for benign, elective gallbladder disease for robot-assisted compared
with laparoscopic cholecystectomy. Overall, the rates of complications were low. More high-quality studies are
needed as the robot-assisted technique expands to more complex gallbladder disease, where its utility may prove
increasingly beneficial.
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Background

Since the introduction of robot-assisted laparoscopic
surgery, it has transformed numerous operations across
specialties. In fact, roughly 3000 robotic units have been
introduced into the United States of America (USA)
over the last decade [1]. The platform offers advantages
such as three-dimensional optics, elimination of tremors,
and improved range of motion [2]. Concerns about
proper implementation, utilization, and lengthier operat-
ing room (OR) time have been raised. Despite rapid ex-
pansion, there remain questions about whether the use
of the robot translates to an improvement in clinical
outcomes or improves the efficiency of surgery.

In general surgery, the number of robot-assisted pro-
cedures has grown. Between 2012 and 2018, a large
statewide collaborative described a more-than-10-fold
increase in robot-assisted general surgery cases [3]. Over
one million cholecystectomies are performed annually in
the USA, and it was one of the first robot-assisted gen-
eral surgery procedures attempted. Regardless of early
adoption, the optimal technique to implement when
using the robot has not yet been established [4] (such as
multi-port or single-port cholecystectomy [2, 5]), and
there have been few reviews comparing these procedures
[6-9]. Those that do exist lack evaluation of pertinent
clinical outcomes (i.e., specific postoperative complica-
tions) [6, 7, 9], fail to consistently address all types of
robot-assisted and laparoscopic comparisons (multi-port
versus single-port) [7, 8], and have reached disagreeing
conclusions regarding outcomes such as operative times
[6-9] or incisional hernia rates [6, 8, 9]. Updating the lit-
erature to compare surgical techniques in a systematic
way provides surgeons with data to guide clinical prac-
tice and potentially improve outcomes and efficiency.

This systematic review analyzes the clinical effective-
ness of robot-assisted surgery compared with the laparo-
scopic approach for cholecystectomy for benign
gallbladder disease.

Methods

This review is part of a larger review commissioned by
the Department of Veterans Affairs (VA) on the clinical
outcomes and cost-effectiveness of robot-assisted proce-
dures for general surgery. The review process was sup-
ported by a Technical Expert Panel (TEP) consisting of
general surgeons, who specialize in robot-assisted sur-
gery and are policymakers from across the country. This
systematic review is reported using PRISMA standards,
and the protocol for the larger review was registered in
PROSPERO: CRD42020156945.

Literature search
All searches included PubMed, Embase, and Cochrane
(all databases) from January 2010 to March 2020. The
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search used a broad set of common terms relating to
“robotic surgical procedures” or “robotic-assisted,” “cost-
effectiveness,” and “cholecystectomy.” We excluded
studies published prior to 2010 since robot-assisted pro-
cedures were not widely being performed, and earlier
studies likely captured surgeons within their “learning
curve.” This decision was supported by our TEP (see
Supplemental Data Content 1 for complete search
strategy).

Study selection and data collection

All stages of the review were completed by two inde-
pendent team members, and disagreements were recon-
ciled through a discussion. Studies were included at
either the abstract or the full-text level if they (1) studied
patients undergoing elective cholecystectomy for non-
cancer indications, (2) included one group of patients
treated with a robot-assisted technique, (3) had a com-
parison to patients treated with a laparoscopic approach,
and (4) measured intraoperative, perioperative, or post-
operative outcomes. Both randomized controlled trials
(RCTs) and observational studies were included. Ab-
stracts were included in the review and underwent the
same quality assessment and duplication exclusion as
full texts. All exclusion criteria are included in our litera-
ture flow (Supplemental Data Content 1).

Data extraction was completed in duplicate. All dis-
crepancies were resolved with full group discussion. We
abstracted data on the following: study design, patient
characteristics, sample size, intraoperative outcomes,
postoperative outcomes, long-term functional outcomes,
duration of follow-up, and data needed for the Cochrane
Risk of Bias tool or Cochrane Risk of Bias In Non-
randomized Studies — of Interventions (ROBINS-I) [10,
11]. Data are reported as differences between the robot-
assisted and laparoscopic groups using summary statis-
tics (means, medians, or proportions as appropriate) in
the results and figures.

Risk of bias and certainty of evidence

RCTs were assessed for quality (risk of bias) with the
Cochrane Risk of Bias tool [10]. We used the ROBINS-I
[11] for observational studies. We also used the criteria
of the Grading of Recommendations Assessment, Devel-
opment, and Evaluation (GRADE) working group to as-
sess the overall certainty of the evidence [12]. Each
outcome was measured on consistency, directness, and
precision with an overall certainty of evidence of high,
moderate, low, or very low.

Statistical analysis

Due to the heterogeneity in clinical outcomes of both
the RCTs and the observational studies, we did not con-
duct a meta-analysis. The data synthesis is narrative. We
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presented the data by grouping studies based on the
number of surgical access ports used. This grouping is
important given that clinical outcomes (ie., incisional
hernia rates or operative times) may differ based on the
number of ports, and interpretation of the data must in-
clude this context. The three comparison groups were as
follows: robot-assisted multi-port compared with laparo-
scopic multi-port, robot-assisted single-port compared
with laparoscopic multi-port, and robot-assisted com-
pared with laparoscopic (unknown port number). Statis-
tical analysis was done using R v4.0.2.

Results

Literature search

The search identified 887 publications (post-de-duplica-
tion: PubMed = 293; Cochrane = 15; Embase= 579, the
number of results from databases prior to de-duplication
is unavailable to these authors due to changes in team
personnel), and 44 were ultimately included in our study
(see Supplemental Data Content 1 for literature flow)
[13-56]. There was heterogeneity in the types of com-
parisons made between operative techniques regarding
the number of ports used. Three groups were formed to
address this. The first included studies that compared
techniques using the same number of ports (seven com-
pared techniques with multi-ports [14, 15, 23, 32, 43, 44,
57]; 12 compared techniques with single ports [18, 20,
26-28, 34, 41, 45, 50, 53, 56, 58]), and of these, two were
RCTs [27, 32], and one was a propensity-matched ana-
lysis [43]. The second group included those comparing
single-port robot-assisted with multi-port laparoscopic
cholecystectomy (12 studies [13, 19, 22, 29, 30, 38, 40,
42, 46, 54, 55, 59], including two RCTs [38, 46] and one
propensity-matched analysis [30]). The third group in-
cluded studies that grouped all (single- and multi-port)
robot-assisted and laparoscopic cholecystectomies into
separate groups or did not specify port numbers (thir-
teen studies [16, 24, 25, 31, 36, 37, 47-49, 51, 52, 60,
61], including two propensity-matched analyses [16,
36]). The studies varied in size from 20 to 735,537 pa-
tients. Supplemental Data Content 2 displays the full
data extraction tables for all 44 studies.

Study characteristics
Forty-four studies were ultimately included in our re-
view. Four were RCTs [27, 32, 38, 46]; four were
propensity-matched [16, 30, 36, 43], observational stud-
ies; and 36 were observational studies that did not use
propensity matching.

Of the four RCTs, only two examined patient clinical
outcomes as their primary outcome of interest [38, 46].
The other two focused on surgeon-related outcomes
(Table 1). Two studies reported no significant differ-
ences in age and BMI between comparison arms [27,
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38], while two did not report any baseline patient demo-
graphics [32, 46]. Sample size ranged from 22 to 136 pa-
tients, and most RCTs were performed at only one
institution [27, 32, 46], whereas one spanned eight insti-
tutions [38]. Table 1 shows the characteristics for each
RCT including port number comparisons and follow-up
periods.

Four studies used propensity matching techniques. Al-
though the majority matched using age and BMI, there
were a number of other matching characteristics used
(Table 1). Altieri et al. [16] used a large national data-
base and thus did not report these demographic factors,
instead matching on other factors available in the
dataset.

Thirty-six studies were observational studies. Sample
sizes ranged from 20 to 735,537. The majority of the
studies were single-institution (27 of 36); two studies
followed two institutions, and the final seven were
multi-institution but did not specify how many. Thirty-
one studies were retrospective, and five were
prospective.

The risk of bias for RCTs was judged to have a low-to-
moderate risk of bias with some aspects deemed as un-
known (Supplemental Data Content 4). Two studies had
a moderate rating related to the blinding of personnel
and outcome assessment [27, 38]. Using the ROBINS-I
tool to grade the risk of bias for observational studies,
the majority of studies had a moderate-to-high risk of
bias overall, mostly due to non-random assignment of
treatment arms (Supplemental Data Content 5). The
propensity-matched studies had a low-to-moderate risk
of bias.

Comparison of intraoperative outcomes
Three intraoperative outcomes were examined: OR time,
intraoperative complications, and conversion rates. Two
of the four RCTs and two of the three propensity-
matched studies that reported OR time found it to be
statistically longer for robot-assisted cholecystectomy
(Tables 2 and 3) [32, 36, 38, 43]. While the RCT by Gro-
chola et al. [27] did not find statistically significant dif-
ferences, the large 95% confidence interval includes
longer robotic times of more than 50 min (Fig. 1). Kudsi
et al. [38] reported that on average, the robot-assisted
approach took 17 min longer than the laparoscopic ap-
proach (61 + 27.5 min. vs. 44 + 19.9 min, p < 0.05).
Over half of the other observational studies also showed
that the robot-assisted approach took longer (18 of 34
studies, Fig. 1). The two studies that demonstrated that
OR time was statistically shorter for the robot-assisted
cholecystectomy were observational and not propensity-
matched [50, 56].

The three RCTs that reported on intraoperative compli-
cations (ie., bleeding, bile duct spillage) found no
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Table 1 Descriptive characteristics of randomized controlled trials and propensity-matched studies
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Follow-up time

1 year

Discharge

3 months

15 Months after study end

Age (years), BMI (kg/m?), mean

Primary outcome of interest

Surgeon’s physical and mental
stress load

Surgeon heart rate variability
Patient-perceived cosmesis,
satisfaction, and quality of life

Postoperative pain

Matching characteristics

Author, year Number of  Number of ports Number
institutions Robot Lap Robot Lap
Randomized controlled trials
Grochola, 1 Single Single 30 30
2019 [27]
Heemskerk, 1 Multi Multi 11 1
2014 [32]
Kudsi, 2017 8 Single Multi 83 53
[38]
Pietrabissa, 1 Single Multi 30 30
2016 [46]
Author, year Number of  Number of ports Number
institutions
Robot Lap Robot Lap
Propensity-matched studies
Altiere, NR Unspecified Unspecified 186 109,
2016 [16] 866
Hagen, 1 Single Multi 99 99
2018% [30]
Kane, 2020 1 Unspecified Unspecified 106 1060
[36]
Main, 2017 1 Multi Multi 179 358
[43]

mean (SD) (SD)

Robot  Lap Robot Lap

NR NR NR NR Sex, race, insurance, region, year
of surgery, comorbidities

474 470 262 (42) 263 (4.9)° Age, sex, race, BMI, comorbidities

(126)  (140*

415 43 (30— 30.1 30.2 Age, BMI, ASA class

(30-  58°F  (265- (26.5-

56)° 364)° 352

47.19 4591 38.85 38.75 Age, sex, BMI, indication, surgery

(1492) (1512 (7.29) 672)* date

?Not formally propensity score-matched, case-matched analysis performed
PReported as median and interquartile range
*p value > 0.05

significant difference between techniques (Table 2) [27,
38, 46]; however, the large 95% confidence interval re-
ported by Grochola et al. [27] includes a more than 30%
reduction in complications for the robotic arm (Fig. 1).
Twelve of the 13 observational studies, including one
propensity-matched study [30], showed similar intraopera-
tive complication rates between techniques. One study
demonstrated higher complication rates in the laparo-
scopic arm [35]. All four RCTs and one propensity-
matched study that reported on conversion rates [27, 32,
38, 43, 46] found no significant differences between tech-
niques (Tables 2 and 3), with the majority having zero
conversion in either arm (three RCTs and the propensity-
matched study) [32, 38, 43, 46]. Among the 24 other

observational studies that reported this outcome, 19
showed no differences in conversion rates (Fig. 1).

Comparison of short-term outcomes

The short-term outcomes reviewed were length of stay
(LOS), surgical site infection (SSI), readmissions, and
pain. Of the three RCTs that reported on LOS, only one
demonstrated a shorter stay for the robot-assisted chole-
cystectomy (see Table 2) [27]. All four propensity-
matched analyses reported LOS, and while Main et al.
[43] was the only one to report a statistically significant
difference, the absolute difference was a matter of hours
(0.23 + 0.78 days (robot-assisted) vs. 0.14 + 0.91 days
(laparoscopic)). The majority of other observational

Table 2 Clinical outcomes for randomized controlled trials by operative technique

Study Intraoperative outcomes Postoperative outcomes
OR time (min) Intraoperative Conversions Length of stay (days), Surgical site
complications (%) (%) median (IQR) infection, N (%)
Robot Lap Robot Lap Robot Lap Robot Lap Robot Lap
Grochola, 2019 [27] 855 (48-148) 74 (31-135) 40.0% 46.7% 6.7% 10.0% 1.9 (1-4) 3.1 (1-26)° 2 (3.3%) 1 (3.3%)
Heemskerk, 2014 [32] 86 48° 0.0% 0.0% 00% 00% NR NR NR NR
Kudsi, 2017 [38] 61 (27.5) 44 (19.9)° 0.0% 0.0% 0.0% 0.0% 16.7h° 139 hP 2 (24%) 1 (1.9%)
Pietrabissa, 2016 [46] 98 (34) 87 (30) NR NR 0.0% 0.0% 12 (1-3) 12 (1-3) 2 (6%) 0 (0%)

Value statistically significant (p < 0.05) between the robotic and laparoscopic arms

PReported as mean, no standard deviation reported
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Table 3 Clinical outcomes for propensity-matched analyses by operative technique
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Study OR time (min), mean (SD) Length of stay (days), mean (SD)

Robot Lap Robot Lap
Altiere, 2016 [16] NR NR 4.92 (9.0) 5.7 (87)
Kane, 2020 [36] 185 (175-195)° 160 (135-175)° 0.1 (0.7) 08 (1.9
Main, 2017 [43] 80.0 (29.1) 602 (29.8)° 023 (0.78) 014 (0.91)°
Hagen, 2018 [30] 97 (39) 93.5 (32.5) 19(1.7) 1.7 (1.6)

“Reported as median (IQR)
BValue statistically significant (p < 0.05) between the robotic and laparoscopic arms

Intraoperative Outcomes
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Fig. 1 Comparison of robot-assisted versus laparoscopic cholecystectomy intraoperative outcomes
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studies that reported LOS showed similar stays between
techniques (17 of 24 studies, Fig. 2), and in general, pa-
tients across all studies were discharged within 1-2 days.

None of the three RCTs that reported SSI rates dem-
onstrated a statistically significant difference (Table 3),
and none of the propensity-matched analyses reported
this outcome. Ten other observational studies reported
rates of SSI, and only one [19] demonstrated a statisti-
cally significant difference (higher SSI rate for robot-
assisted arm). None of the RCTs reported readmissions.
The only propensity-matched study that reported this
outcome found a lower rate of readmissions for the
robot-assisted group (0% vs. 4.1%, p < 0.05) [36]. Of the
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eleven other observational studies that reported this out-
come, only four [17, 36, 44, 51] demonstrated that the
robot-assisted approach had lower rates of readmissions
(Fig. 2).

Fifteen studies examined pain as an outcome, one
RCT [46] and one propensity-matched study [43], but
these were heterogenous in the pain measurement tech-
nique used. Timing of assessment varied between 1 h
after surgery and 1 month after surgery, and each study
looked at different time points. Examples of outcomes
analyzed included the numerical pain rating scale (two
studies [40, 59]), the visual analog scale (three studies
[34, 46, 53]), and pain-related emergency room (ER)

Post-Operative Outcomes

Length of Stay (days)
Favors ROBOT  Favors LAP
o

o
-4
o
L

L

| o

fo-

>
——

Surgical St Infection
Favors ROBOT  Favors LAP

—-404

204

Readmissions
Favors ROBOT Favors LAP

20

Incisional Hernia
Favors ROBOT Favors LAP

-

Surgery Type -e- Equal Ports Robot, Lap

Fig. 2 Comparison of robot-assisted versus laparoscopic cholecystectomy postoperative outcomes

Single-Port Robot, Multi-Port Lap —#~ Port Number NA

ROBOT=Robot-Assisted Cl LAP-=L ic Cl
*=RCT, **=same study (35) with outcomes reported for two separate years
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visits (three studies [20, 22, 43]), among others. Due to
the inability to make direct comparisons between assess-
ment techniques, conclusions made about pain-related
findings were tenuous with low certainty of evidence
(Supplemental Data Content 3).

Comparison of long-term outcomes

The main long-term outcome of interest assessed was
the rate of incisional hernias. Only 12 studies reported
incisional hernia rates: two were RCTs [27, 46], and one
was a propensity-matched study [30] (Fig. 2). The only
studies, including one propensity-matched, that demon-
strated statistical differences in hernia rates compared
techniques that used different numbers of ports in each
arm, specifically single-port robot-assisted cholecystec-
tomy to multi-port laparoscopic cholecystectomy [19,
29, 30]. These studies found that the single-port ap-
proach (robot-assisted) had higher rates of incisional
hernia as compared with the multi-port approach (lap-
aroscopic). For example, Hagen et al. [30] found that
seven patients (7.1%) undergoing single-port robot-
assisted technique required a follow-up incisional hernia
repair, while no patients in the multi-port laparoscopic
arm required repair (p < 0.05). All studies that examined
techniques with the same number of port sites showed
no significant difference in hernia rates [18, 27, 28, 56].

Certainty of evidence

The certainty of evidence that OR time was longer for
the robotic-assisted technique and that there was no evi-
dence of differences in intraoperative complications,
length of stay, or SSI rates was moderate due to impreci-
sion in the evidence for these outcomes. The certainty of
evidence for no difference in conversion rates was
deemed high based on RCT data. We judged the cer-
tainty of evidence for no differences in readmissions and
greater incisional hernia rates, when comparing single-
port robot to multi-port laparoscopic techniques, to be
low due to imprecision and inconsistency. Supplemental
Data Content 6 shows details of each grading.

Conclusion

Our review found that OR time is longer for robot-
assisted cholecystectomy as compared with laparoscopic
cholecystectomy. There was no evidence of differences
in intraoperative complications or conversion rates be-
tween surgical approaches. LOS, readmissions, and SSIs
also had no evidence to support differences between
techniques. Pain was examined, but the methods used
within the studies were too heterogeneous to make con-
clusions regarding this outcome. Finally, rates of inci-
sional hernias may be different when comparing
approaches with different numbers of ports; however,
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when accounting for the use of the same number of
ports, there was no evidence of a difference in outcomes.

Our search yielded four RCTs, four propensity-
matched studies, and 36 observational studies, and thus,
this review on robot-assisted cholecystectomy is the lar-
gest to date (see Supplemental Data Content 7) [6-9].
There were several limitations to the prior reviews. The
first was that the most recent review published included
26 studies published up to 2017. Second, the prior re-
views made inconsistent conclusions regarding OR time
with two identifying no differences [7, 8] and two identi-
fying longer time needed for robot-assisted cases [6, 9].
Finally, three of the four previously published reviews
grouped all postoperative complications together [6, 7,
9], making it difficult to reach conclusions regarding
complication severity. Our work updates and expands
on the prior reviews performed and is the most compre-
hensive thus far with 44 studies, including those pub-
lished up to 2020. Our review identified a lack of data
needed to examine the differences in operative tech-
nique. Only two of the four RCTs were designed to
study patient clinical outcomes as their primary outcome
of interest, while the other two were primarily examining
surgeon-related outcomes [27, 32]. The majority of stud-
ies were observational, with concerns for selection bias
regarding which technique may be preferentially utilized
for certain patients. While 19 of 44 studies compared
techniques with the same number of ports, the majority
compared single-port techniques with multi-port tech-
niques or did not specify. In the studies where these data
were reported, we consistently found differences in OR
time between techniques.

Although the OR time appears longer for robot-
assisted cholecystectomy, with the largest median dif-
ference in time (found in the RCTs) at 38 min, such
a difference may represent a variety of modifiable fac-
tors such as surgeon learning curve, OR staff effi-
ciency, and case selection [32]. Differences in
outcomes between techniques must be considered
within the context of the OR staff learning curve.
The surgeon learning curve is a well-characterized
concept that has been applied to robot-assisted sur-
gery. We attempted to control for this variable by
only including studies after 2010; however, it is pos-
sible that some of the data remain influenced by this
factor. Indeed, while 90% of the reviewed studies ac-
knowledged the possibility of a learning curve, only
five reported data and assessment on these trends
[14, 19, 26, 50, 55]. The learning curve also applies to
the OR staff’s setup and takedown of the robot unit
and to the flow of the operation. Robotic instrument
exchanges by inexperienced staff can compromise the
efficiency of the surgery and may contribute to longer
OR times reported. This is juxtaposed onto the
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familiar passing of instruments and exchanges occur-
ring in conventional laparoscopic cholecystectomy.
Given the nuanced nature of the factors contributing
to OR time, it is challenging to conclusively state that
the increased time seen in the robot-assisted tech-
nique is due to the lack of experience. Furthermore,
while interpreted as a negative outcome, longer OR
times may be encouraging safer practices, particularly
for more advanced gallbladder pathology.

Our review had several limitations. The first is that the
studies only examined surgery for benign, elective gallblad-
der disease—a process that is associated with low complica-
tion rates overall Thus, differences in technique are
unlikely to greatly affect these outcomes. As the use of the
robot-assisted technique continues to expand, it is increas-
ingly being applied in non-benign and non-elective settings
for complex gallbladder disease and cases. Given the differ-
ences in complexity for such indications, the results from
this review may not be generalizable to these populations.
Second, we were unable to test for publication bias and
cannot make any conclusions about its possible existence.
Third, the quality of studies and heterogeneity in outcome
measurement limited our conclusions. Fourth, this review
did not address the differences in cost which may represent
an important difference between techniques.

In summary, OR time was found to be significantly lon-
ger for the robot-assisted technique, although a variety of
factors may explain such differences. The other clinical
outcomes did not differ between techniques for benign,
elective gallbladder disease. Understanding the differences
in outcomes for robot-assisted surgery is critical as the use
of this technology is being introduced across surgical dis-
ciplines and will increasingly be used to address more
challenging pathology. Future work should focus on RCT's
or propensity-matched studies that include clinical end-
points as primary outcomes (i.e., operative time, pain, or
incisional hernias, measured in a standard fashion) and
make appropriate comparisons when examining the num-
ber and type of ports used. Given the expanding use of
robot-assisted cholecystectomy, these studies should also
consider and control for other indications (i.e., acute
cholecystitis, malignant disease). An analysis of the costs
of the robot-assisted technique relative to the potential
benefits including an analysis of how the robot may im-
prove or add new challenges for surgeon ergonomics will
also contribute to the data used when considering the use
of one platform over the other. Robotic technology will
become more ubiquitous, thus understanding its impact
remains of paramount importance in the quality control
and implementation.
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