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OBJECTIVE DATA: Robotic assistance may facilitate completion of minimally invasive hysterectomy, which is the standard of care for the
treatment of early-stage endometrial cancer, in patients for whom conventional laparoscopy is challenging. The aim of this systematic
review was to assess conversion to laparotomy and perioperative complications after laparoscopic and robotic hysterectomy in patients
with endometrial cancer and obesity (body mass index, >30 kg/m?).

STUDY: We systematically searched MEDLINE, EMBASE, and Evidence-Based Medicine Reviews (January 1, 2000, to July 18, 2018) for
studies of patients with endometrial cancer and obesity (body mass index, >30 kg/m?) who underwent primary hysterectomy.

STUDY APPRAISAL AND SYNTHESIS METHODS: We determined the pooled proportions of conversion, organ/vessel injury, venous
thromboembolism, and blood transfusion. We assessed risk of bias with the Institute of Health Economics Quality Appraisal Checklist for
single-arm studies, and Newcastle-Ottawa Quality Scale for double-arm studies.

RESULTS: We identified 51 observational studies that reported on 10,800 patients with endometrial cancer and obesity (study-level body
mass index, 31.0—56.3 kg/m?. The pooled proportions of conversion from laparoscopic and robotic hysterectomy were 6.5% (95%
confidence interval, 4.3—9.9) and 5.5% (95% confidence interval, 3.3—9.1), respectively, among patients with a body mass index of >30
kg/m?, and 7.0% (95% confidence interval, 3.2—14.5) and 3.8% (95% confidence interval, 1.4—9.9) among patients with body mass
index of >40 kg/m?. Inadequate exposure because of adhesions/visceral adiposity was the most common reason for conversion for both
laparoscopic (32%) and robotic hysterectomy (61%); however, intolerance of the Trendelenburg position caused 31% of laparoscopic
conversions and 6% of robotic hysterectomy conversions. The pooled proportions of organ/vessel injury (laparoscopic, 3.5% [95%
confidence interval, 2.2—5.5]; robotic hysterectomy, 1.2% [95% confidence interval, 0.4—3.4]), venous thromboembolism (laparoscopic,
0.5% [95% confidence interval, 0.2—1.2]; robotic hysterectomy, 0.5% [95% confidence interval, 0.1—2.0]), and blood transfusion
(laparoscopic, 2.8% [95% confidence interval, 1.5—5.1]; robotic hysterectomy, 2.1% [95% confidence interval, 1.6—3.8]) were low and
not appreciably different between arms.

CONCLUSION: Robotic and laparoscopic hysterectomy have similar rates perioperative complications in patients with endometrial
cancer and obesity, but robotic hysterectomy may reduce conversions because of positional intolerance in patients with morbid
obesity. Existing literature is limited by selection and confounding bias, and randomized trials are needed to inform practice
standards in this population.
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AJOG at a Glance

Why was this study conducted?

>30 kg/m”).

Key findings

for preoperative counselling.

The purpose of this study was to evaluate rates of conversion to laparotomy and
other perioperative complications with laparoscopic and robotic hysterectomy,
specifically in patients with endometrial cancer and obesity (body mass index,

Conversion rates were similar for laparoscopic and robotic hysterectomy in pa-
tients with body mass index of >30 kg/m” but were higher for laparoscopic vs
robotic hysterectomy in patients with body mass index of > 40 kg/m”. Positional
intolerance was responsible for 31% of laparoscopic conversions and 6% of ro-
botic conversions. Rates of organ/vessel injury, blood transfusion, and venous
thromboembolism were similar with laparoscopic and robotic hysterectomy.

What does this add to what is known?

This review is the first to demonstrate that robotic hysterectomy may offer clinical
benefit over laparoscopic hysterectomy specifically in the context of obesity,
which now affects >50% of patients with a diagnosis of endometrial cancer. We
derived estimates of complication rates in this high-risk population that are useful

besity is a major risk factor for
endometrial cancer, and nearly
65% of patients with endometrial cancer
who undergo primary hysterectomy
have concurrent obesity (body mass in-
dex [BMI], 30-40 kg/m? 35—40%) or
morbid obesity (BMI, >40 kg/m?
25—30%)."” Although data from ran-
domized controlled trials has shown that
laparoscopic hysterectomy results in
reduced operative morbidity, shorter
hospital stays, and noninferior oncologic
outcomes when compared with open
hysterectomy,” " this approach may be
underused or unsuccessful in patients
with obesity because of technical chal-
lenges, limited exposure, and cardio-
pulmonary compromise while in the
Trendelenburg position."" Total laparo-
scopic hysterectomy is performed for
only 50% of this patient population,'”
and studies such as the Gynecologic
Oncology Group LAP2 trial have illus-
trated that the odds of conversion to
laparotomy during laparoscopic staging
increase significantly with each unit in-
crease in BMI (odds ratio, 1.11; 95%
confidence interval [CI], 1.09—1.13).%
Given the challenges that are associ-
ated with conventional laparoscopy in
patients with obesity, robotic surgery has
been used as an alternative.” Wristed

instruments may optimize operative
technique and exposure, while fixed
mechanical arms support the weight of
the abdominal wall and facilitate venti-
lation by allowing for reduced intraper-
itoneal/intrathoracic pressures.'” "’
Although such advantages may assist in
completion of minimally invasive hys-
terectomy, robotic surgery is costly, and
previous systematic reviews have shown
no differences in conversions or other
complications between laparoscopic and
robotic surgery.'®”'® The mean/median
BMI of the studies included in these re-
views ranged from 24—32 kg/m, but the
mechanical advantages of robotic sur-
gery may only translate into improved
outcomes among patients for whom
standard laparoscopy is especially chal-
lenging, such as patients with obesity.
Evidence of clinical benefit for robotic
surgery in patients with obesity would
justify the additional resources required
for this approach and may thus improve
the adoption of minimally invasive sur-
gery for this high-risk population.'” This
issue is pressing because rates of obesity
and endometrial cancer are rising
rapidly in parallel.'” Our systematic re-
view and meta-analysis therefore aims to
evaluate rates of conversion to laparot-
omy and perioperative complications

with laparoscopic (LH) or robotic hys-
terectomy (RH), specifically in patients
with endometrial cancer and obesity
(BMI, >30 kg/m?).

Methods

Eligibility criteria

The protocol for this study was pro-
spectively registered with PROSPERO
(CRD42016049045). We included
studies in which (1) the patient popula-
tion of focus was at minimum 20 women
with endometrial cancer and obesity
(BMI, >30 kg/mz), (2) the intervention
of interest was LH (total laparoscopic,
laparoscopic-assisted vaginal hysterec-
tomy) or RH, either with or without
lymphadenectomy, (3) perioperative
outcomes were reported separately for
each approach (LH or RH), and (4) the
design was a randomized controlled trial
or an observational study (single-arm or
double-arm). We opted to include pa-
tients with endometrial cancer only,
because in contrast to patients with
benign or premalignant surgical in-
dications, they often require simulta-
neous lymphadenectomy and may have
unique operative findings (ie, advanced/
metastatic disease) that affect the rate of
conversion to laparotomy.

We excluded studies that reported on
cohorts with obesity but failed to meet
the aforementioned criteria because they
(1) failed to distinguish between patients
with endometrial cancer and other in-
dications for surgery, (2) reported on
open hysterectomy or simultaneous
panniculectomy only, (3) failed to report
outcomes separately for LH or RH, or
(4) were case reports, case series, or re-
views/commentaries without original
data. Observational studies that sampled
patients based on exposure were deemed
cohort studies, whereas those that
sampled patients based in part or entirely
on outcomes were deemed case series,
irrespective of sample size.”’

We also excluded non-English studies
or conference abstracts, even if they
otherwise met inclusion criteria. Previ-
ous work has shown no evidence of bias
with the use of language restrictions in
systematic reviews on medical topics,”’
while conference abstracts often report
preliminary  results  that  vary
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FIGURE 1

Preferred Reporting Items for Systematic Reviews and Metaanalyses flow
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substantially from what ultimately is
published and contain insufficient detail
to perform an assessment of methodo-
logic quality and risk of bias.”””’

Information sources and literature
search

A senior information specialist at St.
Michael’s Hospital (Toronto, Canada)
searched MEDLINE, EMBASE, and
Evidence-Based Medicine Reviews from
January 1, 2000, to July 18, 2018, after
receiving detailed input from the
research team (Appendix 1). We limited
our search to the year 2000 onward to
capture the uptake of minimally invasive
surgery in gynecology.”* Database results
were supplemented by hand-searching
the reference lists of recent systematic

25—29

reviews and clinical practice guide-
lines'®'* on similar topics, reviewing the
first 10 pages of Google Scholar, and
citation tracking of the included studies.

Study selection and data collection
process

Two reviewers independently reviewed all
citations for eligibility in 2 stages (titles/
abstracts and full-text) with the use of
standardized electronic screening forms
on DistillerSR software (Evidence Part-
ners, Ottawa, Ontario, Canada). All con-
flicts were resolved by discussion. Two
reviewers independently extracted data
from the included studies using a piloted
data form. We collected study character-
istics (author, year of publication, coun-
try, study design, study period, sample
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size, inclusion and exclusion criteria,
follow-up time), patient characteristics
(age, BMI, comorbidities, clinical stage,
histologic condition, grade, pathologic
stage), and outcomes. Authors were
contacted if data were not reported
separately for patients with endometrial
cancer or for those undergoing LH or RH.

Our primary outcome was the pro-
portion of patients with obesity who
required conversion from a minimally
invasive approach (LH or RH) to an
open approach. Reasons for conversion
were categorized as (1) organ/vessel
injury, (2) uterine size, (3) advanced/
metastatic disease, (4) inadequate expo-
sure because of adhesions or visceral
adiposity, (5) anesthetic indications
related to an intolerance of the Trende-
lenburg position, and (6) equipment
malfunction. Secondary outcomes were
the proportion of patients who experi-
enced an organ (bladder, bowel, or ure-
ter) or major vessel injury, the
proportion of patients who required at
least 1 perioperative blood transfusion,
and the proportion of patients who
experienced  postoperative  venous
thromboembolism (VTE). We selected
outcomes a priori because they are
common complications that are high-
lighted by gynecologic surgeons in con-
sent discussions’ and because we
expected their definitions to be consis-
tent across studies and thus appropriate
for meta-analysis. Additional outcomes
such as estimated blood loss, operative
time, length of hospital stay, and pro-
portion of patients with wound compli-
cations were collected for descriptive
purposes only (Appendix 2).

Risk of bias assessment

We assessed risk of bias in single-arm
studies using the 20-item Institute of
Health Economics Quality Appraisal
Checklist.”! Although initially designed
for case series, this checklist has been
previously adapted successfully to cohort
studies.”” " In keeping with prior work,
we gave 1 point for “yes” answers, 0.5
points for “partial/unclear” answers, and
0 points for “no” answers and classified
studies as being at low (80—100%),
moderate (60—79%), or high risk
(0—59%) of bias based on their overall
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32—34 :
percentage score. We assessed risk of

bias in double-arm studies using the 8-
item Newcastle-Ottawa Quality Assess-
ment Scale.” Studies were classified as
being at low (7—9), moderate (4—6), or
high (0—3) risk of bias based on their
overall point score.”>”° Both scales eval-
uate broad sources of bias that include
selection and attrition bias, exposure/
outcome ascertainment bias, and con-
founding bias, rather than topic-specific
issues (eg, whether reasons for conver-
sion were documented). Two reviewers
applied the Institute of Health Economics
and Newcastle-Ottawa Quality Assess-
ment Scale independently, and all con-
flicts were resolved by discussion.
Publication bias for our primary outcome
(conversion to laparotomy) was evalu-
ated with the use of funnel plots with the
proportion of conversions on the x-axis
and standard error on the y-axis.

Synthesis of results
We pooled outcomes separately for pa-
tients who underwent LH or RH. This
approach allowed us to make use of data
from both the single-arm and double-
arm studies that were identified but did
not permit direct statistical comparisons
between LH and RH. Proportions (con-
version to laparotomy, blood transfusion,
organ/vessel injury, VTE) were pooled
with a generalized linear/mixed-effects
model and exact likelihood approach
based on a binomial distribution. For
meta-analyses of studies with rare/zero
events such as ours, this approach pro-
vides unbiased estimates relative to stan-
dard approximate normal methods and
avoids the need for an arbitrary continuity
correction in the case of zero events.”””®
We generated forest plots to display out-
comes for each study with their corre-
sponding 95% confidence interval (CI)
and the overall random-effects pooled
estimate with its 95% CL

For the primary outcome (conversion
to laparotomy), we performed a sub-
group analysis in patients with a BMI of
>40 kg/m” and a sensitivity analysis that
removed studies that excluded patients
with risk factors for conversion (ie,
chronic obstructive pulmonary disease,
congestive heart failure, myocardial
infarction) because we expected such

characteristics to introduce heterogene-
ity. We evaluated statistical heterogeneity
with the use of the I” statistic and defined
heterogeneity as notable when I*>50%.
Metaanalyses were performed using the
metafor package in R.

Changes to protocol

This review was carried out according to
our prospectively registered protocol
(CRD42016049045). Although the pro-
tocol does not specifically mention the
exclusion of studies that evaluated hys-
terectomy with panniculectomy only,
this decision was made a priori by the
study team because of anticipated dif-
ferences in outcomes with such studies.

Results

Study selection

We identified 4575 records in MED-
LINE, EMBASE, and Evidence-Based
Medicine Reviews (Figure 1). We iden-
tified an additional 68 records through
hand-searching and citation tracking.
After deduplication, there were 3606
articles remaining for evaluation; 3390
articles were excluded during title/ab-
stract screening, which left 216 articles
for full-text screening.

Of the 216 full-text articles that
initially were reviewed, there were 24
that included cohorts with obesity but
failed to distinguish between patients
with endometrial cancer and other in-
dications for surgery (n=15) or failed to
report outcomes separately for patients
who underwent LH or RH (n=9). We
contacted the authors of these articles to
request aggregate data; two authors
responded and their articles are included
in this review, but all others were
excluded (n=22). Additional reasons for
full-text exclusion (n=143) are outlined
in Figure 1 and Appendix 3.

There were ultimately 51 articles
eligible for qualitative synthesis and 46
articles eligible for quantitative synthe-
sis. No identified randomized controlled
trials met our inclusion/exclusion
criteria; this is therefore a systematic
review of observational studies only.

Summary of included studies
The characteristics of included studies
are presented in Table 1."%""7% There

were 22 single-arm (LH, 16; RH, 6)
39—43,49,53,54,57,58,60,64,65,67—69,73—76,79,83
and 29 double-arm studies (OH/LH, 18;
OH/RH, 6; LH/RH, 1; OH/LH/RH,

4) 1,2,44—48,50—52,55,56,59,61—63,66,70—72,77,78,

808284787 that included a median of 86

patients (interquartile range, 54—195)
with BMI of >30 kg/mz. Mean or me-
dian BMI was provided in 29 studies
(57%) and ranged from 31.0—55.4 kg/
m? for LH arms (21 studies) and
37.5—56.3 kg/m> for RH arms (10
studies). The criteria for concurrent
lymphadenectomy were highly variable
across studies; thus, the proportion of
patients who received lymphadenectomy
ranged from 14—100% for LH arms and
44—100% for RH arms. Studies did not
describe whether surgeons were allowed
to, or chose to, forego lymphadenectomy
to avoid conversion and maintain an LH
or RH approach.

The 51 included studies reported on a
total of 10,800 patients with BMI of >30
kg/m?. Baseline characteristics for pa-
tients in each study are presented in
Appendix 2. Although clinical stage was
noted explicitly in only 24 studies (47%),
final pathologic stage was reported in 39
studies (76%) and specifically for pa-
tients with BMI of >30 kg/m® in 28
studies (55%). In these studies, 89% of
patients (1735/1955) had stage I-II
disease on final pathology reports.

Characteristics that may have influ-
enced the decision to choose an open vs
minimally invasive approach or robotic
vs laparoscopic approach were reported
rarely. Important comorbidities such as
diabetes mellitus and cardiopulmonary
disease were reported among patients
with obesity in 5 studies (10%); a history
of previous abdominal surgery was re-
ported among patients with obesity in 15
studies (29%).

Conversion to laparotomy

The pooled proportions of patients with
BMI of >30 kg/m* who required lapa-
rotomic conversion were 6.5% (95%
CI, 4.3—9.9) for LH and 5.5% (95%
CI, 3.3—9.1) for RH (Figure 2). This
corresponded to 173 events among
1826  patients with LH (29

studies) 39,40,42,45,46,48,49,51,55—60,62,64,66,68,

70,72—74,76,78,79,81,82,86,87
/ / and 91 events
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TABLE 1

Characteristics of included studies

First author

Year

Country

Study design

Body mass index Type of

criteria, kg/m?

hysterectomy

Sample
size, n

Body mass
index, kg/m?

Clinical
stage

Selection criteria

Follow up®

Backes”'

Baek*?
Bennich*®

Bernardini**

Bige*®

Bijen*®

Borgfeldt*’

2015

2014

2016

2012

2015

2011

2016

USA

Korea

Denmark

Canada

Turkey

Nether-
lands

Sweden

Retrospective
single center

Retrospective
single center

Retrospective
single center

Prospective
single center

Prospective
single center

Prospective
single center

Retrospective
national registry

>30

>28

>30

>35

>35

>35

>35

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am J Obstet 2019.

RH

LH

LH

OH

RH

OH
LH

OH
LH

OH
LH
RH

380

55

97

4

45

70
70

24
31

358
32
63

NR

31.0 (3.0)

30—54

42.3 (36—66)

40.3 (35—75)

459 (7.2)
44.5 (7.0)

30—55
30—48

NR
NR
NR

NR

Early stage

Stage |

NR

Stage |

Stage |

NR

No detail on how
selected for RH
Exclusion: conversions

No detail on how selected
for LH

Exclusion: missing data,
inadequate follow up

All patients received LH
in study period
Exclusion: advanced/
metastatic disease

Diagnostic laparoscopy for

uterine size at start of case to

determine OH or RH
Exclusion: NR

All patients offered LH; those
who refused assigned to OH
Exclusion: stage Il—IV, previous

abdominopelvic surgery/
radiation, cardiopulmonary
disease that precluded the

Trendelenburg position, large

uterus, severe orthopedic
disease

Secondary analysis of
randomized controlled trial
database

Exclusion: stage II—IV, non-
endometrioid histology, large
uterus, cardiopulmonary disease

that precluded the
Trendelenburg position

No detail on how selected
for LH/RH
Exclusion: NR

NR

74 (6—152) Mo

NR

NR

31 Mo
35 Mo

NR

NR

(continued)
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TABLE 1

Characteristics of included studies (continued)

Body mass index Type of Sample Body mass  Clinical
First author Year Country  Study design criteria, kg/m?>  hysterectomy size, n index, kg/m?* stage Selection criteria Follow up®
Bouwman*® 2015 UK Retrospective >30 OH 146 NR NR No detail on how NR
single center selected for LH
LH 114 NR Exclusion: missing data,
sarcoma
Camanni*® 2010 [taly Retrospective >30 LH 10 NR Stage | No detail on how selected NR
single center for LH
Exclusion: NR
Chan®° 2015 USA Retrospective >40 OH 567 NR NR No detail on how selected NR
Nationwide LH 98 NR for LH or RH
Inpatient Sample Exclusion: NR
—Healthcare Cost RH 422 NR
and Utilization
Project
Cheng®’ 2016 China Retrospective >40 OH 60 45.8 (40—75) Stage No detail on how selected NR
single center _ -l for LH
LH 60 46.3 (40—66) Exclusion: non-endometrioid
histologic condition
Cohn®? 2009 USA Retrospective >30 OH 191 39.9 (6.9 Stage No detail on how selected NR
multicenter -1l for LH
RH 109 39.6(7.0) Exclusion: NR
Corrado®*?? 2015 Italy Prospective >40 RH 70 40—57 NR Not eligible for RH if large 20 (5—56) Mo
multicenter uterus or contraindication
to the Trendelenburg position
Exclusion: as per selection
eligibility criteria
Cunningham®* 2015 USA Retrospective >30 RH 211 3071 NR Selected for RH at surgeon 30D
single center discretion; no patients
ineligible based on body
mass index or the
Trendelenburg position
stress test
Exclusion: NR
Eisenhauer® 2007 USA Retrospective >35 OH 154 41 (35—84) NR Selected for LH at surgeon NR
single center LH o5 39 (35—49) discretion; considered body

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am J Obstet 2019.

habitus/medical history
Exclusion: Gynecologic Oncology
Group LAP2 trial enrollment

(continued)
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TABLE 1
Characteristics of included studies (continued)
Body mass index Type of Sample Body mass  Clinical
First author Year Country  Study design criteria, kg/m?>  hysterectomy size, n index, kg/m?* stage Selection criteria Follow up®
Eltabbakh®® 2000 USA Prospective single 28-60 OH 40 36.9 (8.5) Stage | Not eligible for LZH if body mass NR
center index >60 kg/m*, large uterus,
LH 40 358 (5.8) cervical involvement,
cardiopulmonary disease that
precluded the Trendelenburg
position, or
hip disease that precluded
lithotomy
Exclusion: as per selection
eligibility criteria
Fanning®’ 2010 USA Retrospective >40 LH 85 40-77 NR All patients selected for LH NR
single center regardless of age, body mass
index, uterine size, and previous
surgery
Exclusion: no exclusions
Farthing®® 2012 UK Retrospective >30 LH 114 NR Stage No detail on how selected NR
single center -1l for LH
Exclusion: endometrial
hyperplasia
Gehrig™® 2008 USA Retrospective >30 LH 32 35(30—55 NR No detail on how selected NR
single center _ for LH/RH
RH 49 37.5 (30—53) Exclusion: NR
Ghezzi® 2006 I[taly Retrospective >30 LH 22 30—46 NR Not eligible for LH if 13 (1—38) Mo
single center cardiopulmonary disease
precluded the Trendelenburg
position or advanced/metastatic
disease
Exclusion: as per selection
eligibility criteria
Giugale®’ 2012 USA Retrospective >30 OH 379 44.0 NR No detail on how selected 24 months
multicenter for LH/RH
LH/RH 280 a7 Exclusion: missing data
Helm®? 2011 USA Retrospective >36 OH 56 NR Early stage Selected for RH at surgeon 17 Mo
single center discretion
LH 29 NR Exclusion: NR
Hinshaw®® 2016 USA Retrospective >35 OH 80 44.2 NR Selected for RH at surgeon 60 Mo
single center RH 56 426 discretion 37 Mo

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am ] Obstet 2019.

Exclusion: LH or VH

(continued)
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TABLE 1

Characteristics of included studies (continued)

Body mass index Type of Sample Body mass  Clinical
First author Year Country  Study design criteria, kg/m?>  hysterectomy size, n index, kg/m?* stage Selection criteria Follow up®
Holub®* 2000 Czech Retrospective >30 LH 33 30—40 Stage|  No detail on how selected NR
Republic  single center for LH
Exclusion: NR
Lau®® 2011 Canada Retrospective >30 RH 56 30—59 NR All patients selected for RH NR
single center regardless of body habitus,
medical/surgical history
Exclusion: NR
Leitao®® 2016 USA Retrospective >40 OH 299 NR NR No detail on how selected NR
single center for LH/RH
LH 43 NR Exclusion: VH
RH 90 NR
Litta®” 2013 I[taly Retrospective >30 LH 34 NR Stage Not eligible for LH if >75 years 30D
single center -1l old, cardiopulmonary
disease that precluded the
Trendelenburg position,
renal/hepatic/hematologic
dysfunction, previous
abdominopelvic radiation
Exclusion: as per selection
eligibility criteria
Mahdi' 2015 USA Retrospective >30 OH 1304 NR NR No detail on how selected 30D
American College for LH
of Surgeons LH 1133 NR Exclusion: perioperative
National Surgical sepsis
Quality
Improvement
Program
Matsuo® 2016 USA Retrospective >30 LH 163 NR NR No detail on how selected NR
single center for LH
Exclusion: NR
Menderes®® 2014 USA Retrospective >30 RH 239 NR NR All patients selected for RH 29 (interquartile
single center regardless of body habitus, range, 16—43)
previous surgical history, or Mo
pelvic metastatic disease
Exclusion: NR
Mendivil”® 2015 USA Retrospective >40 OH 24 53.7 (41—-65) NR Selected for LH/RH at 57 (22—156) Mo
single center _ surgeon discretion
LH 16 47.9 (40-62) Exclusion: no pelvic
RH 13 51.2 (41—64) lymphadenectomy performed

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am J Obstet 2019.

(continued)
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TABLE 1
Characteristics of included studies (continued)
Body mass index Type of Sample Body mass  Clinical
First author Year Country  Study design criteria, kg/m?>  hysterectomy size, n index, kg/m?* stage Selection criteria Follow up®
Nevadunsky’’ 2010 USA Retrospective >30 OH 43 37 (30—61) NR No detail on how selected for RH NR
single center RH 66 38.5 (30—63) Exclusion: conversions
Obermair” 2005 Australia  Retrospective >100kg OH 31 NR NR Not eligible for LH if large uterus 24 (17—31) Mo
multicenter LH 47 NR or extrauterine disease on
computed tomography scan
Exclusion: NR
Obermair’® 2016 Australia  Prospective >30 LH 26 40.1 (29—55) Early stage No detail on how selected for LH 30 D
multicenter Exclusion: stage II—IV, non-
endometrioid histologic
condition, enlarged lymph
nodes, CA-125 >30
0’Gorman”* 2008 UK Retrospective >30 LH 34 30—60 Early stage No detail on how selected for LH NR
single center Exclusion: NR
0’Hanlan”® 2006 USA Retrospective >30 LH 38 NR Early stage Not eligible for LH if severe NR
single center adhesions or advanced/
metastatic disease
Exclusion: as per selection
eligibility criteria
Palomba’® 2007 Italy Retrospective >30 LH 151 34.5(1.6) Early stage No detail on how selected for LH NR
single center Exclusion: previous
abdominopelvic radiation, major
medical comorbidities, severe
hip disease, second malignancy
Pellegrino’’ 2009 [taly Retrospective >30 OH 37 NR Stage | No detail on how selected for LH 16 Mo
single center LH 37 38 (30—47) Exclusion: NR
Peng*’ 2018 Canada  Retrospective >30 LH 101 38 (7.6) NR Selected for LH at surgeon NR
single center discretion
Exclusion: Unknown body mass
index
Perrone’® 2012 Italy Retrospective >30 OH NR NR Stage Not eligible for LH if large uterus NR
single center LH 43 35.2 (4.3) I-IA or cardiopulmonary disease that

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am ] Obstet 2019.

precluded the Trendelenburg
position

Exclusion: as per selection
eligibility criteria

(continued)
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TABLE 1

Characteristics of included studies (continued)

Body mass index Type of Sample Body mass  Clinical
First author Year Country  Study design criteria, kg/m?>  hysterectomy size, n index, kg/m?* stage Selection criteria Follow up®
Rabischong’® 2011 France Retrospective >30 LH 52 34.2 (30—56) Stage | Not eligible for LH if anesthetic 69 (14—194) Mo
multicenter contraindication to
pneumoperitoneum, bulky
uterus, enlarged lymph nodes
Exclusion: conversions
Ramzan® 2015 USA Retrospective >50 OH 20 57.5 (6.1) NR No detail on how selected for LH NR
multicenter Exclusion: endometrial
LH 20 554 (5.8) hyperplasia, sarcoma,
advanced/metastatic disease
Rizzuto®® 2014 UK Retrospective >30 LH 37 36.8 (5.3) Early stage Not eligible for LH if NR
single center cardiopulmonary disease that
precluded the Trendelenburg
position
Exclusion: as per selection
eligibility criteria
Santi®’ 2009 Switzer-  Retrospective >30 OH NR NR Early stage No detail on how selected for LH NR
land single center LH 31 NR Exclusion: previous malignancy
Scribner® 2002 USA Retrospective >28 OH 45 39.3 (28—68) Stage | No patients ineligible NR
single center _ based on age, weight, or
LH 55 40 (28—62) previous surgical history
Exclusion: NR
Stephan®® 2015 USA Retrospective >50 RH 56 56.3 Early stage Selected for RH based on 31 Mo
single center availability of qualified
surgeon and robotic platform
Exclusion: NR
Subramaniam® 2011 USA Retrospective >30 OH 104 41.9 (9.3 NR Selected for RH at NR
single center surgeon discretion
RH & 39.8(9.3) Exclusion: NR
Suidan® 2017 USA Retrospective >30 OH 285 NR NR No detail on how selected NR
health claims for LH/RH
database LH/RHH 442 NR Exclusion: lack of continuous
insurance coverage for 3 mo
postoperatively, incomplete data
Tang® 2012 USA Retrospective >30 OH 110 40.3 (8.6) NR Not eligible for RH if large NR
single center RH 129 39.8 (7.9) uterus weeks

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am J Obstet 2019.

Exclusion: NR

(continued)
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among 1341 patients with RH (14
Studies)‘44,52754,59,63,65,66,6977l,83783 In a
sensitivity analysis that removed 9
studies that excluded patients with
risk factors for conversion,>”4>>32%-60-76:
787956 the pooled proportions were
7.3% (95% CI, 4.5—11.8) for LH and
6.3% (95% CI, 4.0—9.7) for RH (data
not shown). In a subgroup analysis of
patients with BMI of >40 kg/rnz, the
pooled proportions of conversion were
7.0% (95% CI, 3.2—14.5) for LH and
3.8% (95% CI, 1.4—9.9) for RH
(Figure 2). This corresponded to 40
events among 422 patients with LH (9
studies)40,48,5],57,58,66,68,70,87 and 26
events among 470 patients with RH (8
Studies)‘53,54,59,65,66,69,7(),83

There was considerable across-study
heterogeneity for this outcome (I*: 82%
LH; 79% RH). The proportions for sin-
gle studies ranged from 0.8—36.4%
(interquartile range, 3.0—11.6) for LH
and 0.7—15.6% (interquartile range,
4.3—10.3) for RH. However, we could
not identify a study-level cause (eg, year
of publication, country, single or multi-
center, sample size) that could be
explored in further subgroup analyses or
metaregression.

Reasons for conversion to laparotomy
were documented qualitatively in 91 of
173 LH conversions (53%; 16
Studies)39,45,49,33758,62,64,7(),72774,76,79,82
and 51 of 91 RH conversions (56%; 8
studies)‘44,63)65,69771,83,85 The most
common cause of conversion was inad-
equate exposure because of adhesions/
visceral adiposity for both LH (29/91;
32%) and RH (31/51; 61%; Table 2).
Notably, 17 of 31 RH conversions for this
indication occurred after hysterectomy
and pelvic lymphadenectomy to allow
completion of paraaortic lymphadenec-
tomy; this was not described for any of
the equivalent LH conversions.

After inadequate exposure from ad-
hesions/adiposity, a greater proportion
of LH conversions were due to anesthetic
indications that were related to intoler-
ance of the Trendelenburg position (LH
31% vs RH 6%) or organ/vessel injury
(LH 21% vs RH 6%; Table 2). In
contrast, a lower proportion of LH
conversions were due to uterine size (LH
8% vs RH 20%; Table 2). One study


http://www.AJOG.org

FIGURE 2

Pooled proportions of conversion to laparotomy

A Events

Total  Weight Estimate (95% CI)
Back, 2014 0 55 03 - 0.9 (0.1-12.7)
Bige, 2015 6 70 38 — - 8.6 (3.9-17.8)
Bijen, 2011 10 31 47 _—. 32.3(183-50.3)
Bouwman, 2015 25 114 13.4 — 21.9 (15.3-30.5)
Camanni, 2010 0 10 03 4.6 (0.3-44.8)
Cheng, 2016 0 60 03 -— 0.8 (0.1-11.8)
Eisenhauer, 2007 4 25 23 —_—————— 16.0 (6.1-35.7)
Eltabbakh, 2000 3 40 1.9 R 7.5 (2.4-20.8)
Fanning, 2010 6 85 3.8 — 7.1(3.2-14.8)
Farthing, 2012 2 114 13 -— 1.8 (0.4-6.7)
Gehrig, 2008 6 64 3.7 — 9.4 (43-19.3)
Ghezzi, 2006 0 22 03 - 2.2(0.1-26.8)
Helm, 2011 5 29 28 _—. 17.2(7.4-35.3)
Holub, 2000 2 33 13 —_——— 6.1(1.5-21.2)
Leitao, 2016 5 43 3.0 — 11.6 (4.9-25.1)
Matsuo, 2016 20 163 12.0 —— 12.3(8.1-18.3)
Mendivil, 2015 1 16 0.6 — 63(0.9-33.5)
Obermair, 2005 5 47 13 —_— 7.7(1.926.1)
Obermair, 2016 2 26 3.1 _— 10.6 (4.5-23.1)
O'Gorman, 2008 1 34 0.7 ——— 2.9(0.4-18.1)
Palomba, 2007 29 151 16.1 —— 19.2(13.7-26.3)
Peng, 2018 8 101 5.1 —.— 7.9 (4.0-15.1)
Perrone, 2012 2 43 13 — 4.7 (1.2-16.8)
Rabischong, 2011 2 52 0.3 — 3.9 (1.0-14.1)
Rizzuto, 2014 1 37 0.7 e 2.7(0.4-16.9)
Santi, 2009 1 31 0.7 —_.—— 3.2(0.5-19.6)
Scribner, 2002 20 55 8.7 —_—— 36.4 (24.8-49.7)
Tinelli, 2014 0 45 03 -— 1L1(0.1-15.1)
Uccella, 2016 7 230 47 -— 3.0(1.5-6.2)
Overall 173 1826 100% - 6.5 (4.3-9.9)
=823
0 10 20 30 40 50 60
Conversions (%)

B Events Total Weight Estimate (95% CI)
Bernardini, 201 1 4 45 44 —.— 8.9 (3.4-21.4)
Corrado, 2015 0 70 0.6 -— 0.7 (0.0-10.3)
Cunningham, 2015 12 211 13.7 - 5.7(3.39.8)
Gehrig, 2008 0 49 0.6 -— 1.0 (0.1-14.1)
Hinshaw, 2016 3 56 34 — 5.4(1.7-15.3)
Lau, 2011 3 56 34 — 5.4(1.7-15.3)
Leitao, 2016 3 90 35 B 33(1.1-9.8)
Menderes, 2014 2 239 24 -— 0.8(0.2-3.3)
Mendivil, 2015 1 13 11 7.7 (1.1-39.1)
Nevadunsky, 2010 7 72 7.7 — . 9.7 (4.7-19.0)
Seamon, 2009 17 109 17.4 —B— 15.6 (9.9-23.7)
Stephan, 2015 17 129 17.9 R B 13.2(8.4-20.2)
Subramanian, 2017 8 73 8.6 — 11.0 (5.9-20.4)
Tang, 2012 14 129 15.1 —— 10.9 (6.5-17.5)
Overall 91 1341 100% < 55(3.3-9.1)

12=79.3
0 10 20 30 40 50 60
Conversions (%)

C Events  Total  Weight Estimate (95% CI)
Bouwman, 2015 9 33 194 B 27.3 (14.8-44.6)
Cheng, 2016 0 60 15 =— 0.8 (0.1-11.8)
Fanning, 2010 6 85 165 -B— 7.1 (3.2-14.8)
Farthing, 2012 1 53 29 =———— 1.9(03-12.2)
Leitao, 2016 5 43 13.1 — R — 11.6 (4.9-25.1)
Matsuo, 2016 14 66 327 — B 212(13.032.7)
Mendivil, 2015 1 16 28 —a—————— 6.2(0.9-33.5)
Peng, 2018 1 31 29 —w+———— 3.2(0.5-19.6)
Uccella, 2016 3 35 8.1 — 8.6(2.8-23.4)
Overall 40 422 100% — ~<e— 7.0 (3.2-14.5)

1’=76.9
0 10 20 30 40 50 60
Conversions (%)

D Events  Total  Weight Estimate (95% CI)
Corrado, 2015 0 70 21 m—— 0.7 (0.0-10.3)
Cunningham, 2015 8 101 309 B 7.9 (4.0-15.0)
Gehrig, 2008 0 13 2,0 3.6(0.2-38.4)
Lau, 2011 2 23 7.7 —.— 8.7 (2.2-28.9)
Leitao, 2016 3 90 122 —J— 33(1.19.8)
Menderes, 2014 1 104 42 = 1.0 (0.1-6.5)
Mendivil, 2015 1 13 39 ] 7.7 (1.1-39.1)
Stephan, 2015 1 56 37.1 — B 19.6 (112-32.1)
Overall 26 470 100% —<@m— 3.8 (1.4-9.9)

2=75.0

0 10 20 30 40 50 60

Conversions (%)

specified that their 3 conversions for
uterine size were in fact mini-
laparotomies for specimen removal,”’
but this information could not be
ascertained from any other studies.

Perioperative complications

Results of the meta-analysis for periop-
erative complications are presented in
Figures 3 and 4. The pooled proportion
of patients who required blood trans-
fusion was 2.8% (95% CI, 1.5—5.1) for
LH and 2.1% (95% CI, 1.2—3.8) for RH.
This corresponded to 47 events among

1133 patients with LH (18
Studies)39,40,42,45,50,5],5(),58,60,66,7073,75,77,

79,81,82,86,87
»% and 16 events among 743

with RH (11

4,52,53,63,65,66,70,71,83—85 The

patients
studies).”
proportions for single studies ranged
from 1.1—25.7% for LH and 0.6—4.7%
for RH.

The pooled proportion of patients
who experienced an organ/vessel injury
was 3.5% (95% CI, 2.2—5.5) for LH and
1.2% (95% CI, 0.4—3.4) for RH. This
corresponded to 51 events among 1164
patients with LH (18
studies)39,4(),42,45,46,51,5876(),64,70,73,76,77,79,
825057 and 14 events among 709 patients
Wlth RH (9 Studies)‘44,52754,59,65,70,83,85
The proportions for single studies
ranged from 1.3—11.9% for LH and
0.5—7.0% for RH.

The pooled proportion of patients
who experienced a postoperative VTE
was 0.5% (95% CI, 0.2—1.2) for
LH and 0.5% (95% CI, 0.1-2.0) for
RH. This corresponded to 5 events
among 1015 patients with LH (14

>

Pooled proportions of conversion to laparotomy
from A, laparoscopic hysterectomy and B, ro-
botic hysterectomy in patients with body mass
index of >30 kg/m2 and from C, laparoscopic
hysterectomy and D, robotic hysterectomy in
patients with body mass index of >40 kg/m?.
The point estimates for individual studies are
based on the crude proportions that were re-
ported by the authors. The size of solid squares
represents statistical weights; the grey dotted
line represents overall pooled proportion.

Cl, confidence interval.

Cusimano. Robotic and laparoscopic hysterectomy in endo-
metrial cancer. Am J Obstet 2019.
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TABLE 2

Documented reasons for conversion from minimally invasive to open
approach

Variable Laparoscopic to open Robotic to open
Total conversions, n 173 91

Reasons not documented, n (%) 82 (47.4) 40 (44.0)
Reasons documented, n (%) 91 (52.6) 51 (56.0)
Anesthetic indication related to 28 (30.8) 3(5.9
intolerance of the Trendelenburg position

Organ/vessel injury 19 (20.9) 3(5.9
Advanced/metastatic disease 7(7.7) (3.9
Inadequate exposure because of 29 (31.9) 31 (60.8)
adhesions/visceral adiposity

Uterine size 7(7.7) 10 (19.6)
Equipment malfunction 1(1.1) 2(3.9)
Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am J Obstet 2019.

. 40,42,45,46,58,62,64,67,72,76,77,79,82,87
studies) AP IS050%0 ?

and 2 events among 388 patients with
RH (5 studies).**>>0>7185 The pro-
portions for single studies ranged from
0.4—3.2% for LH and 0.5—1.8% for RH.

Risk of bias

We assessed all full-text articles for
methodologic quality (Appendices 4 and
5). Of the double-arm studies, 79% (23/
29) were at low risk of bias, and 21% (6/
29) were at moderate risk of bias. Mod-
erate risk comparative studies were
deemed primarily as such for failing to
control or adjust for important cova-
riates; other limitations included draw-
ing the comparator group from a
different time or place than the exposed
group and inadequate or unclear follow-
up duration. Even among comparative
studies at low risk of bias based on their
overall  Newcastle-Ottawa  Quality
Assessment Scale score, almost 50% of
these (11/23) failed to control for any
covariates. Although we extracted pro-
portions from the minimally invasive
arms only, these issues illustrate the bias
likely introduced when patients were
selected for one surgical approach over
another.

Of the single-arm studies, 41% (9/22)
were at low risk of bias, and 59% (13/22)
were at moderate risk of bias. Moderate
risk single-arm studies generally were

deemed as such because of retrospective
designs and inadequate description of
patient characteristics, again under-
scoring the likelihood of selection bias.
Additional limitations included a lack of
methodologic or statistical details and
inadequate or unclear follow-up
duration.

The funnel plots for our primary
outcome were asymmetric, which in-
dicates that small studies with high
proportions of patients who require
conversion to laparotomy were not rep-
resented in the literature (Appendix 6).
However, this pattern was similar for
both LH and RH, which suggests that
publication bias may have affected the
magnitude of our pooled estimates but
may have had less impact on differences
between approaches.

Comment

We performed a systematic review and
meta-analysis examining rates of con-
version to laparotomy and other com-
plications in patients with endometrial
cancer and obesity who underwent LH
or RH. Previous systematic reviews
compared these outcomes across classes
of obesity without consideration of the
underlying surgical approach®** or
among women of any BMI'®™'#2>2772%;
our review is the first to quantify con-
versions and complications after LH or

422 American Journal of Obstetrics & Gynecology NOVEMBER 2019

RH specifically in patients with obesity,
which is a growing population for whom
conventional laparoscopy is challenging
and thus the comparison of LH to RH is
particularly relevant.

We found that the proportions of pa-
tients with BMI >30 kg/m” who expe-
rienced conversion, blood transfusion,
organ/vessel injury, and VTE were
comparable whether LH or RH was
performed. However, the proportion of
patients with BMI >40 kg/m> who
experienced conversion appeared to be
higher for LH compared with RH.
Qualitatively, the reasons for conversion
from each approach were also different:
after inadequate exposure because of
adhesions/visceral adiposity, LH con-
versions were more often attributed to
obesity-related anesthetic indications,
whereas RH conversions were more
often attributed to uterine size.

Although minimally invasive hyster-
ectomy is the recommended approach
for women with endometrial cancer,” '’
adoption is difficult among patients
with obesity, especially when lympha-
denectomy has been required.”**’
Several features of robotic surgery,
such as 3-dimensional visualization and
greater range of motion, may facilitate
the completion of hysterectomy by a
minimally invasive approach. However,
robotic surgery comes at a direct cost of
$2.6 million USD per console and
$2000 USD per case.”” Simultaneously,
studies and systematic reviews of largely
normal weight or overweight cohorts
have been unable to illustrate improved
safety or efficacy of RH compared with
LH."°"'® The high cost of RH may be
justified if clinical benefits over con-
ventional LH can be demonstrated in
specific populations; for instance, there
is evidence cost neutralization with the
robot when it decreases laparotomy
rates.”” Patients with obesity, who have
particularly high rates of laparotomy
and perioperative complications after
open surgery,”’ may be one popula-
tion in which such benefits are
observed. This systematic review is the
first to address directly whether RH
offers any benefit over LH specifically
among patients with endometrial can-
cer and obesity.
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FIGURE 3
Pooled proportion of laparoscopic hysterectomy

A Events Total Weight Estimate (95% CI)
Back, 2014 3 55 6.6 R 5.5(1.8-15.6)
Bige, 2015 18 70 31.0 . 25.7(16.8-37.2)
Chan, 2015 6 98 13.1 — 6.1 (2.8-13.0)
Cheng, 2016 1 60 23 - 1.7 (0.2-10.9)
Eltabbakh, 2000 2 40 4.4 —.- 5.0 (1.3-17.9)
Farthing, 2012 2 114 4.6 - 1.8 (0.4-6.7)
Ghezzi, 2006 0 22 1.1 2.2(0.1-26.8)
Leitao, 2016 0 38 1.1 - 1.3(0.1-17.4)
Mendivil, 2015 1 16 2.2 = 6.3 (0.9-33.5)
Obermair, 2005 1 47 23 B 2.1(0.3-13.6)
O'Hanlan, 2006 1 38 23 - 2.6 (0.4-16.5)
Pellegrino, 2009 0 37 1.1 e — 1.3(0.1-17.8)
Peng, 2018 5 101 11.0 - 5.0 (2.1-11.4)
Rabischong, 2011 1 50 23 R 2.0(0.3-12.9)
Rizzuto, 2014 1 37 23 - 2.7 (0.4-16.6)
Scribner, 2002 2 35 4.4 - - 5.7(1.4-20.2)
Tinelli, 2014 0 45 1.2 1.1(0.1-15.1)
Uccella, 2016 3 230 6.9 - 1.3 (0.4-4.0)
Overall 47 1133 100% < 2.8 (1.5-5.1)

12=64.9

0 10 20 30 40
Transfusions (%)

B Events Total ‘Weight Estimate (95% CI)
Baek, 2014 1 55 2.0 - 1.8 (0.3-11.8)
Bige, 2015 4 70 7.6 [ S 5.7(2.2-14.3)
Bijen, 2011 3 31 55 n 9.7(3.2-26.1)
Cheng, 2016 2 60 3.9 - 3.3(0.8-12.4)
Farthing, 2012 2 114 4.0 - 1.8 (0.4-6.7)
Gebhrig, 2008 0 32 1.0 1.5 (0.1-20.1)
Ghezzi, 2006 0 22 1.0 2.2(0.1-26.8)
Holub, 2000 3 31 55 » 9.7 (3.2-26.1)
Mendivil, 2015 0 16 1.0 2.9 (0.2-33.6)
Obermair, 2005 1 47 2.0 - 2.2 (0.3-13.6)
Palomba, 2007 18 151 322 —.— 11.9 (7.6-18.1)
Pellegrino, 2009 0 37 1.0 1.3 (0.1-17.8)
Peng, 2018 4 101 78 - 4.0 (1.5-10.1)
Rabischong, 2011 1 50 2.0 - 2.0(0.3-12.9)
Rizzuto, 2014 1 37 2.0 —. 2.7(0.4-16.8)
Scribner, 2002 3 35 55 ] 8.6 (2.8-23.4)
Tinelli, 2014 1 45 2.0 —- 2.2(0.3-14.2)
Uccella, 2016 7 230 138 - 3.0(1.5-6.2)
Overall 51 1164  100% - 3.5(2.2-5.5)

’=44.5
0 10 20 30 40
Organ/Vessel Injury (%)

C Events Total  Weight Estimate (95% CI)
Baek, 2014 0 55 53 -— 0.9 (0.1-12.7)
Bige, 2015 0 70 53 ——— 0.7 (0.0-10.3)
Bijen, 2011 0 31 53 = 1.6 (0.1-20.6)
Farthing, 2012 0 114 53 — 0.4 (0.0-6.6)
Helm, 2011 0 29 53 i 1.7 (0.1-21.7)
Holub, 2000 1 31 10.3 B 3.2(0.5-19.6)
Litta, 2013 1 34 10.4 -R 2.9 (0.4-18.1)
Obermair, 2005 0 47 53 - 1.0 (0.1-14.6)
Palomba, 2007 1 151 10.6 B— 0.7 (0.1-4.6)
Pellegrino, 2009 0 37 53 -—— 1.3(0.1-17.8)
Peng, 2018 0 101 53 [ 0.5 (0.0-7.4)
Rabischong, 2011 0 50 53 -——— 1.0 (0.1-13.8)
Scribner, 2002 1 35 10.4 - 2.9 (0.4-17.7)
Uccella, 2016 1 230 10.6 - 0.4 (0.1-3.0)
Overall 5 1015 100% < 0.5(0.2-1.2)

’=0
0 10 20 30 40

VTE (%)
Pooled proportion of patients who underwent laparoscopic hysterectomy with A, perioperative blood transfusion, B, organ/vessel injury, and C, venous
thromboembolism. The point estimates for individual studies are based on the crude proportions that were reported by the authors. The size of solid
squares represents statistical weights; the grey dotted line represents overall pooled proportion.
Cl, confidence interval; VTE, venous thromboembolism.

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am J Obstet 2019.
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FIGURE 4
Pooled proportion of robotic hysterectomy

A Events Total  Weight Estimate (95% CI)
Bernardini, 2011 1 45 5.8 - 2.2(0.3-14.2)
Corrado, 2015 1 70 5.8 e — 1.4 (0.2-9.5)
Hinshaw, 2016 2 56 11.4 —.7 3.6 (0.9-13.2)
Lau, 2011 2 56 11.4 ] 3.6 (0.9-13.2)
Leitao, 2016 0 87 29 wm—— 0.6 (0.0-8.4)
Mendivil, 2015 0 13 2.8 — = 3.6 (0.2-38.4)
Nevadunsky, 2010 1 66 58 m— 1.5 (0.2-10.0)
Seamon, 2009 2 92 11.5 — 2.2(0.5-8.3)
Stephan, 2015 0 56 29 ®w-— 0.9 (0.1-12.5)
Subramanian, 2017 1 73 5.8 . — 1.4 (0.2-9.1)
Tang, 2012 6 129 33.8 ]7 4.7 (2.1-10.0)
Overall 16 743 100% <@ 2.1 (1.2-3.8)

12=5.7
0 10 20 30 40
Transfusions (%)
B . .
Events Total  Weight Estimate (95% CI)
Bernardini, 2011 1 45 66 B — —— 2.2(0.3-14.2)
Corrado, 2015 0 70 3.4 -—— 0.7 (0.0-10.3)
Cunningham, 2015 1 199 6.7 — 0.5 (0.1-3.5)
Gehrig, 2008 1 49 6.6 -+ 2.0 (0.3-13.1)
Lau, 2011 1 56 6.6 - 1.8 (0.3-11.6)
Mendivil, 2015 0 13 33 —= 3.6 (0.2-38.4)
Seamon, 2009 1 92 6.7 - 1.1 (0.2-7.3)
Stephan, 2015 0 56 3.4 -— 0.9 (0.1-12.5)
Tang, 2012 9 129 56.7 F 7.0 3.7-12.9)
Overall 14 709 100% <@ 1.2 (0.4-3.4)
1’=50.4
0 10 20 30 40
Organ/Vessel Injury (%)

C Events Total  Weight Estimate (95% CI)
Bernardini, 2011 0 45 143 1.1(0.1-15.1)
Lau, 2011 1 56 28.4 .7 1.8 (0.3-11.6)
Nevadunsky, 2010 0 66 143 W—— 0.8 (0.1-10.8)
Seamon, 2009 0 92 144 W——- 0.5 (0.0-8.0)
Tang, 2012 1 129 28.7 .— 0.8 (0.1-5.3)
Overall 2 388 100% @ 0.5 (0.1-2.0)

=0
0 10 20 30 40
VTE (%)

Pooled proportion of patients who underwent robotic hysterectomy with A, perioperative blood transfusion, B, organ/vessel injury, and C, venous
thromboembolism. The point estimates for individual studies are based on the crude proportions that were reported by the authors. The size of solid

squares represents statistical weights; the grey dotted line represents overall pooled proportion.
Cl, confidence interval; VTE, venous thromboembolism.
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Our primary outcome was conversion
to laparotomy, based on the hypothesis
that the technologic benefits of the robot
should facilitate hysterectomy in patients
with obesity, and avoid the need to
convert to an open operation. We saw no
appreciable differences in conversion
from LH and RH in patients with BMI of
>30 kg/m’ both in our analysis of all
studies (6.5% vs 5.5%) and in a sensi-
tivity analysis (7.3% vs 6.3%), excluding
studies at risk of selection bias. However,
we did see a higher proportion of con-
versions from LH relative to RH in pa-
tients with BMI of >40 kg/m2 (7.0% vs
3.8%). Although heterogeneity was
notable and the meta-analytic approach
used in this study does not permit direct
statistical comparisons between LH and
RH, this difference is physiologically
plausible and consistent with our data on
the underlying reasons for conversion.
More than 30% of LH conversions were
due to obesity-related anesthetic in-
dications vs only 6% of RH conversions.
This suggests a potential benefit of ro-
botic surgery in the setting of morbid
obesity and aligns with the ability of
robotic arms to tent the weight of the
abdominal wall and enable reductions in
intraperitoneal/intrathoracic pres-
sures.”' Because reasons for conversions
were documented in just over 50% of
such events and compiled here qualita-
tively, additional research is required to
confirm this hypothesis.

It is difficult to compare the rate of
conversions that were seen in our review
of patients with obesity to the pro-
portions that were seen in previous
studies that were composed largely of
patients with normal or slightly
increased weight. Major differences
other than the BMI of participants, such
as the study design (randomized/obser-
vational), requirements for pelvic or
paraaortic  lymphadenectomy, and
experience or skill of individual sur-
geons, influence the conversion rates
that were observed and limit any direct
comparisons. For example, 4 random-
ized trials that compared LH and RH
among patients with benign disease
(mean BMI, 25.7—31.4 kg/m?®) had only
3 instances of conversion to laparotomy
combined (0.9%; 3/326), with all 3

occurring in patients randomly assigned
to LH.'® In contrast, a systematic review
of observational studies that compared
RH and LH (mean BMI, 27.0—34.2
kg/m®) found conversion rates that
ranged from 0—12% for RH and 1—26%
for LH.”” The Gynecologic Oncology
Group LAP2 trial of LH vs open hyster-
ectomy for the treatment of endometrial
cancer, which had a median BMI of only
28 kg/m® but mandated paraaortic
lymphadenectomy, found a 25% con-
version rate.® Our review does not
answer the question of whether conver-
sion rates from LH or RH are higher in
patients with obesity compared with
patients of normal weight; rather, it
summarizes existing literature on these
approaches in patients with obesity and
provides pooled estimates that can be
referenced when discussing the risk of
conversion preoperatively. We calculated
similarly useful pooled estimates for
blood transfusion, organ/vessel injury,
and VTE. We found the rates of these
perioperative complications to be low in
this patient population, regardless of
whether LH or RH was performed.

This systematic review was both well-
designed and rigorously performed. To
our knowledge, it is the first review to
compare LH and RH specifically in the
context of obesity, which now affects
>50% of patients with a diagnosis of
endometrial cancer who are seen by gy-
necologic surgeons. In contrast to other
systematic reviews on similar topics, we
selected a meta-analytic approach that
allowed us to use the full breadth of data
that were identified, both single arm and
double arm in nature. By pooling pro-
portions, which reflect absolute risk, we
derived estimates that are useful for
counselling by surgeons and interpreta-
tion by patients.

This systematic review is limited
primarily by the heterogeneity and
observational design of included
studies. Although no studies were
graded as being at a high risk of bias in
our formal quality assessment, they
remain susceptible to substantial selec-
tion bias. Patients chosen for LH and
RH are likely different with respect to
body habitus, medical/surgical history,
and disease status. The skill level and

preference of individual surgeons who
make these decisions presumably vary
as well. Few studies adequately
described or accounted for these details.
Notably, although all 51 studies specif-
ically included patients with BMI of
>30 kg/m®, only 29 studies (57%)
provided the mean or median BMI for
their cohort, and most did not adjust
for BMI in their analyses. Because pa-
tients with morbid obesity (BMI, >40
kg/m?) are often chosen for RH rather
than LH,' selection bias likely impacted
the findings that were observed. Our
data on the reasons for conversion
further illustrate the broader issue of
selection bias. For instance, assessments
of uterine size and the degree of adhe-
sions/adiposity are not functions of
surgical approach, yet we noted a
greater proportion of RH conversions
for these indications, which suggests
either misclassification of conversions
(eg, mini-laparotomy for specimen
retrieval recorded as conversion) or
selection bias in that surgeons choose
robotic surgery for more challenging
cases with larger uteri.

Our review is also limited in its ability
to compare outcomes after LH or RH
among women from the highest BMI
classes. Only 6 studies identified in our
review described a subset of patients
with BMI of >50 kg/m? *!»>701-6%8083 5
studies included patients who under-
went RH; 1 study included patients who
underwent LH, and 3 studies reported
on conversions (0/28°%; 1/10°%; 11/56%).
In the setting of supermorbid obesity
(BMI, >50 kg/mz), both performing
hysterectomy and maintaining intra-
operative ventilation/positioning are
exceedingly difficult for surgeons and
anesthetists, respectively. Given our
findings that robotic surgery may reduce
conversions in patients with BMI of >40
kg/m?, particularly those related to
anesthetic indications and intolerance of
the Trendelenburg position, it is possible
that this approach may offer the greatest
value among patients with supermorbid
obesity.

In conclusion, our review of moderate
quality observational data suggests that
LH and RH have similar rates of con-
version to laparotomy and selected
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perioperative complications in patients
with endometrial cancer and obesity.
However, RH may offer benefit specif-
ically in patients with morbid obesity by
reducing conversions because of posi-
tional intolerance. Given the influence of
selection and confounding bias, ran-
domized trials in this patient population
are needed to confirm our results and
direct practice standards in this high-risk
patient population. [ |
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APPENDIX 1
Sample search strategy (MEDLINE)

1 Uterine Neoplasms/ (40505)

2 exp Endometrial Neoplasms/ (19707)

3 (endometri* adj5 (cancer* or neoplas* or tumo?r* or carcinoma* or malignan*)).tw,kf. (30746)

4 (uterus adj5 (cancer* or neoplas* or tumo?r* or carcinoma* or malignan®)).tw,kf. (7896)

5 (uterine adj (cancer* or neoplas* or tumo?r* or carcinoma* or malignan*)).tw kf. (8431)

6 1or2or3or4orb(74305)

7 exp Laparoscopy/ (87496)

8 Laparotomy/ (18136)

9 ((lap* adj3 assit*) or (lap* adj3 vaginal*)).tw,kf. (1761)

10 (laparoscop* or laparot* or microlaparoscop* or minilaparoscop™* or microsurg™* or robot* or da Vinci or davinci or AESOP or Zeus).tw,kf. (195335)

11 exp Surgery, Computer-Assisted/ (17600)

12 (LH or LAVH or TAH or TLH or LSH).tw,kf. (54229)

13 surg*.tw,kf. (1771696)

14 exp Hysterectomy/ (29289)

15 (hysterectom* or HE).tw kf. (198788)

16 Ovariectomy/ (24184)

17 (ovariectom* or oophorectom* or female castration*).tw kf. (35371)

18 salpingectomy/ (972)

19 (salpingectom* or tubal excision* or tubectom*).tw kf. (1938)

20 exp Lymph Node Excision/ (43662)

21 lymphadenectom™*.tw,kf. (15599)

22 ((fallopian tube* or ovar* or lymph node* or uterus or uterine or cervix or vagina) adj (excis* or
remov*)).tw,kf. (2797)

23 or/7-22 (2128325)

24 exp body fat distribution/ or body mass index/ or ideal body weight/ or exp overweight/ or exp obesity/ or thinness/ or exp waist circumference/
or waist-height ratio/ or skinfold thickness/ or waist-hip ratio/ or exp Adipose Tissue/ or obesity hypoventilation syndrome/ or obesity,
abdominal/ or obesity, metabolically benign/ or obesity, morbid/ or prader-willi syndrome/ or overweight/ (330786)

25 (BMI or weight or overweight or skinfold thickness or waist hip ratio* or waist-hip ratio* or adipos* or obes* or body mass ind*).tw,kf. (1069815)

26 ((abodom* or subcutaneous or intra-abdmon* or viscerel or retroperitoneal or retro peritoneal) adj3 fat*).tw kf.

(10517)

27 24 or 25 or 26 (1151484)

28 6 and 23 and 27 (1571)

29 Case Reports/ (1935014)

30 Letter/ (994263)

31 Editorial/ (453469)

32 29 or 30 or 31 (3178028)

33 28 not 32 (1412)

34 33 not (animals/ not humans/) (1362)
35 limit 34 to yr="2000 -Current” (1102)
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APPENDIX 2
Baseline characteristics and additional outcomes for cohorts of included studies
Body mass Type | Final stage, Previous Any Operating Length of Wound
First index, Type of Sample histology, n (%) laparotomy, lymphadenectomy, room time,” Estimated blood hospital complication,
author kg/m? hysterectomy size,n Age’ n (%) -1l -V n (%) n (%) min loss,” mL stay,” d n (%)
Backes 30—40 RH 203 NR NR NR NR NR NR NR NR NR NR
40—50 RH 115 NR NR NR NR NR NR NR NR NR NR
>50 RH 62 NR NR NR NR NR NR NR NR NR NR
Baek >28 LH 55 51.5 (11.4) 4785 52(95) 3(5) 11(20) 45 (82) 184.5 (51.2) 261.6 (401.1) 8.2(7.2) NR
Bennich 30—399 LH 75 NR NR NR NR NR 34 (45) 33-210 15—450 1(0-3) NR
>40 LH 22 NR NR NR NR NR 9 (41) 45—-230 50—300 1(0-7) NR
Bernardini >35 OH 41 62 (31—86) 33800 32(79) 9(22) 20 (49) 14 (34) 165 (75—295) 300 (100—350) 4 (2—21) 2(5)
RH 45 61(36—87) 37(82) 34(78) 10(22) 17 (39) 16 (36) 270 (135—470) 200 (50—1500) 2 (1—24) 0
Bige >35 OH 70 56.24 (10.55) 63(90) 68(97) 2(3) 19(27) 70 (100) 185.94 (30.26) 438.29 (271.97)  10.36 (5.69) 8 (11)
LH 70 55.56 (10.62) 64 (91) 67 (96) 3@) 2434 70 (100) 155.03 (37.68) 561.86 (341.55)  4.64 (4.68) 1(1)
Bijen >35 OH 24 NR NR NR NR NR NR NR NR NR 3(13)
LH 31 NR NR NR NR NR NR NR NR NR 3(10)
Borgfeldt >35 OH 358  NR NR NR NR  NR 79 (22) 139.6 (49.6) 154.0 (303.0) 2.3(1.1) NR
LH 32 NR NR NR NR  NR 1(3) 115.3 (45.4) 72.1 (64.1) 1.7(0.7) NR
RH 63 NR NR NR NR MR 28 (44) 201.6 (56.1) 100.0 (78.9) 2.0 (1.5) NR
Bouwman 30—399 OH 110 NR NR NR NR NR NR NR 290 (272.7) NR NR
LH 81 NR NR NR NR NR NR NR 116 (110.6) NR NR
>40 OH 36 NR NR NR NR NR NR NR 258 (200.8) NR NR
LH 33 NR NR NR NR NR NR NR 125 (92.6) NR NR
Camanni >30 LH 10 63 (6.5) NR NR NR 6 (60) NR 178 (49) NR Reported in hours NR
Chan >40 OH 567  59(27—89)  NR NR NR MR 196 (35) NR NR 4 17 (3)
LH 98 61 (32—87) NR NR NR NR 18 (18) NR NR 1 1(1)
RH 422 60 (22—84) NR NR NR NR 127 (30) NR NR 1 4(0.9)
Cheng >40 OH 60 62 (39—84)  60(100) 60(100) O 9 (15) NR 261 (155—400)  188.2 (100—1000) 11 (7—17) NR
LH 60 61(40—87)  60(100) 60(100) O 10 (17) NR 235 (160—360)  100.7 (30—500) 6 (4—7) NR
Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am ] Obstet 2019. (continued)
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APPENDIX 2

Baseline characteristics and additional outcomes for cohorts of included studies (continueq)

Body mass Type | Final stage, Previous Any Operating Length of Wound
First index, Type of Sample histology, "(%)— laparotomy, lymphadenectomy, room time,” Estimated blood hospital complication,
author kg/m? hysterectomy size,n Age® n (%) -l -V n (%) n (%) min loss,” mL stay,” d n (%)
Cohn >30 OH 191 62 (11.5) NR NR NR 120 138 394 143 (47) 3(3-4) 28
RH 109 58 (10.0) NR NR NR 55 80 109 228 (43) 1(1-2) 2
Corrado 40—45 RH 50 60 (36—81) 41(82) 44 (89) 6(12) 26 (52) 22 (44) 162.5 (60—520) 75 (10—400) 3(2—-10) 1(2)
45—-50 RH 10 63 (30—78) 10 (100) 10(100) O 7(70) 3(30) 160 (80—330) 87.5 (20—200) 2 (2—4) 0
>50 RH 10 62 (41—77)  8(80)  8(80) 22 440 2 (20) 177.5 (85—630) 50 (50—300) 3(2—12) 0
Cunningham  30—39 RH 110 64.20 (34—90) NR NR NR NR 100 119.14 NR 1.03 NR
@)
>40 RH 101 59.86 (32—79) NR NR NR NR 78 (77) 129.6 NR 1.08 NR
Eisenhauer  >35 OH 154 60 (25—84)  131(85 142(92) 12(8) NR 69 (45) 40—368 40—2200 6 (4—56) 54 (35)
LH 25 57 (35—79)  23(92) 25(100) O NR 10 (40) 94—330 50—500 3(2-7) 2(9)
Eltabbakh 28—60 OH 40 61.3(13.2) 29(73) 38(97.5 1(2.5 16 (40) 32 (80) 137.7 (43.4) 303.3 (198.1) 5.6 (3.6) 25
LH 40 59.4 (11.9) 30(75 39(100) O 14 (35) 31 194.8 (42.3) 318.2 (177.0) 25(1.2) 0
(78)
Fanning >40 LH 85 NR NR NR NR NR NR NR NR NR NR
Farthing 30—39.99 LH 61 NR 50(82) NR NR NR NR 95 50 25 203
>40 LH 53 NR 4483 NR NR MR NR 75 50 2 12
Gehrig >30 LH 32 61.2 (32—80) 2 (6) 26(81) 6(19) NR 30 (94) 215 (156—324) 150 (50—700) 1.27 (1—4) NR
RH 49 61.3 (42—90) 43 44(90) 5(10) NR 46 (94) 189 (111—263) 50 (25—300) 1.02 (1-2) NR
(88)
Ghezzi >30 LH 22 NR NR NR NR MR 22 (100) 209 (49.1) 165 (50—400) 3 (2—6) NR
Giugale >30 OH 379 578 NR =259 (68) NR  NR 167 (44) NR 365.7 NR 174 (46)
LH/RH 280 58.6 NR 1=215 (77) NR NR 156 (56) NR 173.9 NR 104 (37)
Helm >36 OH 56 NR NR 1=48 NR NR 20 (36) NR NR NR NR
(85)
LH 29 NR NR =26 (90) NR  NR 5 (17) NR NR NR NR
Hinshaw >35 OH 80 61.5 NR 68 (85) 12 NR 72 (90) 200 338 4 709
(19)
RH 56 61.5 NR 49 (88) 7(12) NR 49 (88) 212 150 1 2 (4)
Holub >30 LH 33 57.45 (47—67) 29(88) 29(88) 4(12) NR 26 (79) 166.14 242.6 (50—1600) 5.3 (3—10) 1(3)
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APPENDIX 2
Baseline characteristics and additional outcomes for cohorts of included studies (continueq)
Body mass Type | Final stage, Previous Any Operating Length of Wound
First index, Type of Sample histology, n (%) laparotomy, lymphadenectomy, room time,” Estimated blood hospital complication,
author kg/m? hysterectomy size,n Age® n (%) -l -V n (%) n (%) min loss,” mL stay,” d n (%)
Lau 30—399 RH 33 66.9 (10.3) 26 (790  30(91) 309 18(55) 33 (100) 255 (64) 95.9 (102.9) 2 (1-44) 5(15)
>40 RH 23 54.7 (9.5) 1983 21(9) 1(4) 9(39 23 (100) 257 (39) 94 (72.4) 2 (1-6) 209
Leitao >40 OH 299  NR NR NR NR MR NR 170 (40—419) 250 (50—3000) 5 (2—37) 86 (29)
LH 43 NR NR NR NR NR NR 190 (89—344) 100 (25—900) 2(1-7) 9 (LH+RH) (21)
RH 90 NR NR NR NR  NR NR 193 (87—448) 50 (5—800) 1(0-5)
Litta >30 LH 34 66.32 (6.17)  34(100) 33(97) 1(3) NR 34 (100) 197.05 (9.17) 62.37 (74.09) 3.16 (1.214) NR
Mahdi 30—39.99 OH 763 NR NR NR NR NR NR 72.6 NR 4.4 NR
LH 733 NR NR NR NR NR NR 193.9 NR 1.5 NR
>40 OH 541 NR NR NR NR NR NR 78.6 NR 51 NR
LH 400 NR NR NR NR NR NR 201.8 NR 1.7 NR
Matsuo 30—-399 LH 97 NR NR NR NR NR NR NR NR NR NR
>40 LH 66 NR NR NR NR NR NR NR NR NR NR
Menderes  30—39.99 RH 135  64.4(9.4) 77(67)  11081) 25(19) NR NR 162.6 (59) 120.2 (132.1) 1.59 (2.22) NR
40—49.99 RH 76 61.6 (8.7) 68 (89) 68 (89) 8(11) NR NR 154.1 (49.2) 117.1 (83.2) 1.89(3.1) NR
> 50 RH 28 58.1 (10.4) 28(100) 23(82) 5(18) NR NR 188.95 (50.0) 152.7 (95.8) 2.07 (1.2) NR
Mendivil >40 OH 24 58 (30—71)  18(75) 20(83) 4(17) NR 24 (100) 81(55.2—160.2) 250 (50—1000) 4 (2—25) 0
LH 16 59 (35—78) 12(75) 16(100) O NR 16 (100) 109.2 (66—235.2) 175 (24—700) 2(1-4) 1(6)
RH 13 54 (37—65)  9(69)  13(100) O NR 13 (100) 166.8 (85.2—265.2) 100 (50—150) 2 (1—3) 0
Nevadunsky ~>30 OH 43 60 (30—86)  32(74) 36(84)  6(16) 19 (44) 24 (56) 134 (72—258) 193 (0—1000) 3.8 (1—14) 8(19)
RH 66 62(35—-89) 56(85) 60(91) 6(8) 34(52) 43 (65) 204 (127—379) 83 (10—400) 1.3 (1-4) 0
Obermair >100kg OH 31 56.9 (9.6) 29(94) 28 3(10) NR 12 (39) 126.8 (44.6) 319.8 (239.8) 7.9 (3.0) 15 (48)
LH 47 546 (13.4) 46(98) 45(96) 2(4) NR 7 (15) 139.3 (50.6) 278.5 (556.7) 4.4 (3.9 3(6)
Obermar  >30 LH 26 68.5(40—86) 25(96) 25(96) 1(4) NR NR NR NR 2(1—28) NR
0'Gorman  >30 LH 34 32—84 29(85) 34(100) O 4(12) NR NR NR 4(3-7) NR
0’Hanlan 30—399 LH 26 NR NR NR NR NR NR 152.6 156 1.7 NR
>40 LH 12 NR NR NR NR NR NR 145.6 101.7 1.2 NR
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APPENDIX 2

Baseline characteristics and additional outcomes for cohorts of included studies (continueq)

Body mass Type | Final stage, Previous Any Operating Length of Wound
First index, Type of Sample histology, n (%) laparotomy, lymphadenectomy, room time,” Estimated blood hospital complication,
author kg/m? hysterectomy size,n Age® n (%) -l -V n (%) n (%) min loss,” mL stay,” d n (%)
Palomba >30 LH 122 62 (interquartile 92 (75) 121 (99) 2(1) 5243 122 (100) NR NR NR 0
range, 45—80)
Pellegrino  >30 OH 37 NR NR NR NR  NR 21 (57) 170 (90—300) 490 (200—1400) 5 (5—30) 4(11)
LH 37 NR NR NR NR NR 24 (65) 228 (120—360) 188 (100—300) 4 (3—6) 0
Peng 30—-399 LH 70 67.0 (10.3) NR 55(79)  15(21) NR 49 (70) 185 (89) 191 (214) NR 4 (6)
>40 LH 31 62.5 (11.4) NR 27(87) 4(13) NR 16 (52) 181 (65) 119 (90) NR 2 (6)
Perrone >30 OH NR NR NR NR NR NR NR NR NR NR NR
LH 43 65.4 (8.5) NR NR NR NR NR 269.4 (86.8) NR 34011 NR
Rabischong  >30 LH 52 63.4 (7.6) NR 4692 48 NR 35 (67) 187.5 (47.9) NR 5.2 (2.07) NR
Ramzan >50 OH 20 49.2 (11.8) 19(95) 15(75 5(25) NR NR 272 (136) 603 (451) 4(3—11) NR
LH 20 55.4 (5.8) 20 (100) 19(95) 1(5 NR NR 307 (116) 294 (237) 2 (1-1) NR
Rizzuto >30 LH 37 NR NR NR NR NR NR 91.7 (55—180) 288.1 (150—550) 2.44 (1-7) NR
Santi 30—-35 OH NR NR NR NR NR NR NR NR NR NR NR
LH 13 NR NR NR NR NR NR NR NR NR NR
>35 OH NR NR NR NR NR NR NR NR NR NR NR
LH 18 NR NR NR NR NR NR NR NR NR NR
Scribner >28 OH 45 58.4 (31—85) NR 38 (84) 7(16) 22 (49) 45 (100) 140.7 344.2 45 10 (22)
LH 55 64.6 (25-92) NR 46 (85)  8(15) 24(44) 35 265.3 361.8 2.8 5(9)
Stephan >50 RH 56 56.17 54 54(96) 2(4) 30 (54) 42 (75) 269.1 150.0 2.1 7(13)
(96)
Subramaniam >30 OH 104 61.3(10.8) 6462 NR NR MR 59 (57) 138.2 (53.4) 408.9 (290.3) 5.07 (2.54) 21 (20)
RH 73 57.0 (9.3) 48(66) NR NR MR 48 (66) 246.2 (75.2) 95.9 (109.4) 2.73 (1.84) 3(4)
Suidan 30—-39.9 OH 156 NR NR NR NR  NR NR NR NR 4 (3—4) 8(5)
LH/RH/VH 250 NR NR NR NR NR NR NR NR 1(1-2) 4(2)
>40 OH 129 NR NR NR NR NR NR NR NR 4 (3-5) 18
(14)
LR/RH/VH 192 NR NR NR NR NR NR NR NR 1(1-2) 42
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APPENDIX 2
Baseline characteristics and additional outcomes for cohorts of included studies (continueq)
Body mass Type | Final stage, Previous Any Operating Length of Wound
First index, Type of Sample histology, n (%) laparotomy, lymphadenectomy, room time,” Estimated blood hospital complication,
author kg/m? hysterectomy size,n Age® n (%) -l -V n (%) n (%) min loss,” mL stay,” d n (%)
Tang >30 OH 110 58.5(9.9) 109(99) 100(92) 9(8) 59(54) 82 (75) 128 (39) 292 (226) 41(2.2) 36 (33
RH 129 59.8 (10.6) 127 (98) 120(94) 8(6) 76 (59) 97 (75) 188 (63) 160 (150) 15 (1.0) 18 (14)
Tinelli >35 OH 30 63 (14) NR 27(90)  3(10) NR 30 (100) 143 (25) 125432 6.3 (1.1) 3(10)
LH 45 38 (7.3 NR 41 (91) 49 NR 45 (100) 166 (21) 65+15 3.1—(0.4) 3(85)
Uccella >30 OH 161 NR NR NR NR NR 85 (53) NR NR 75(6.2) 14 (9
LH 230 NR NR NR NR NR 144 NR NR 3.3 (2.5) 8(3
(63)

OH, open; LH, laparoscopic; NR, not reported; RH, robotic; VH, vaginal.

2 Data are given as mean (standard deviation) or median (range).

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am J Obstet 2019.



http://www.AJOG.org

APPENDIX 3
References excluded at full-text stage with reasons

Reference

Reason for
exclusion

Heinberg EM, Crawford BL, Weitzen SH, Bonilla DJ. Total laparoscopic hysterectomy in obese versus nonobese
patients. Obstet Gynecol 2004;103:674-80

Holub Z, Jabor A, Kliment L, Fischlova D, Wagnerova M. Laparoscopic hysterectomy in obese women: a clinical
prospective study. Eur J Obstet Gynecol Reprod Biol 2001;98:77-82

Querleu D, Klauss C, Ngo C, et al. Applicability and feasibility of laparoscopic surgery for uterine cancer. Is
there a place for robotic surgery ? Int J Gynecol Cancer 2014;4:1247

Harris JA, Baldwin LA, Miller RW, Ueland FR, Vannagell JR, Desimone CP. Body mass index (BMI),
postoperative complications, and perioperative resource utilization by hysterectomy approach for patients in a
national cohort with endometrial cancer or complex atypical hyperplasia. Gynecol Oncol 2014;133:141

Seamon LG, Bryant SA, Rheaume PS, et al. A cohort study of surgical staging in obese patients with
endometrial cancer: Is comprehensive staging feasible when performed robotically?. Gynecol Oncol
2009;1:5166

Gilabert-Aguilar J, Gilabert-Estelles J, Costa S, Aliaga R, Coloma F, Rodenas JJ. The effect of BMI in patients
with endometrial cancer managed by laparoscopy. Gynecol Surg 2010;7:5191-2

Baek MH, Lee SW, Park JY, et al. Feasibility and safety of laparoscopic surgery for obese Korean women with
endometrial cancer: Long-term results obtained at a single institution. J Minim Invasive Gynecol 2013;1:5158-
9

Winfree L, Di Santo N, Havrilesky L, Modesitt S. How big is too big? the impact of the obese, morbidly obese,
and super obese categories on hysterectomy outcomes for endometrial cancer/hyperplasia. Gynecol Oncol
2012;125:S8

0’Hanlan K, Ferry J, Chivukula M, Harrington M, 0’Holleran M. Impact of obesity on surgical outcomes of
laparoscopic radical pelvic lymphadenectomy for women with cervical, endometrial, or ovarian cancer.
Gynecol Oncol 2013;130:¢107

Molero J, Martinez E, Sancho S, Exposito Y, Moro MT. Impact of the laparoscopy in the complications and
survival in the surgical treatment of endometrial cancer. Gynecol Surg 2014;1:244-5

Popov A, Slobodyanyuk B, Manannikova T, Fedorov A, Loginova E. Laparoscopic hysterectomy among obese
patients. Gynecol Surg 2015;1:5399

Sabor |, Squifflet J, Mathieu L. Laparoscopic lymphadenectomy in Cliniques Universitaires Saint Luc from 2009
to 2015: a retrospective study. Gynecol Surg 2016;13(suppl1):S243

Uccella S, Formenti G, Bogani G, et al. Laparoscopy and open surgery for endometrial cancer in morbidly obese
women. Int J Gynecol Cancer 2011;3:51091

Uccella S, Formenti G, Bogani G, et al. Laparoscopy versus open surgery for endometrial cancer in obese
women (BMI>30): a minimum 3 years follow up study. Int J Gynecol Cancer 2011;3:51053

Patel R, Taylor S. The management of endometrial cancer in morbidly obese women: Identifying best practice.
Int J Gynecol Cancer 2012;22:E1183

Popov A, Loginova E, Manannikova T, Fedorov A, Koval A, Golovin A. Outcomes of laparoscopic hysterectomy in
morbid obese patients. Gynecol Surg 2016;13(suppl1):S93

Kumar S, Woelk J, Al-Wahab Z, et al. Perioperative venous thromboembolism is rare after minimally invasive
surgery for endometrial and cervical cancer: a multi institutional study. Gynecol Oncol 2013;130:665

Ghanimati S, Fullerton M, Chen J, Wei Z, Templeman C. Postoperative complications of obese women after
hysterectomy: Comparing laparoscopic, vaginal and abdominal approaches (an interim analysis). J Minim
Invasive Gynecol 2013;1:539

Jung CE, Hom MS, Gualtieri MR, et al. Predictive model of conversion to laparotomy in minimally invasive
surgery for endometrial cancer. Gynecol Oncol 2015;137:84-5

Kim JS, Ward KK, Shah NR, Saenz CC, McHale MT, Plaxe SC. Quantifying obesity-related increases in cost for
the surgical management of uterine cancer. Gynecol Oncol 2014;133:161-2

Rosen M, Liang M, McCann GAL, et al. Risk of complications after robotic hysterectomy for endometrial cancer
in obese patients with preoperative comorbidities. Gynecol Oncol 2014;133:157

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am J Obstet 2019.

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

(continued)

NOVEMBER 2019 American Journal of Obstetrics & Gynecology 428.e7



http://www.AJOG.org

APPENDIX 3
References excluded at full-text stage with reasons (continueq)

Reference

Reason for
exclusion

Maddock A, Pierre R, Ford T, et al. Robot-assisted laparoscopic hysterectomy is superior for endometrial
cancer in the morbidly obese. Gynecol Oncol 2011;120:5130-1

Kurzeder C, Lonnerfors C, Kannisto P, et al. Robot-assisted surgery in morbidly obese patients with
endometrial cancer. Int J Gynecol Cancer 2015;1:1095

Kurzeder C, Prader S, Lonnerfors C, et al. Robot-assisted surgery in morbidly obese patients with endometrial
cancer. Oncol Res Treat 2016;39:98

Gul N, Rowlands D. Robotic hysterectomy in complex morbid patient, surgical and anaesthetic challenge.
Gynecol Surg 2014;1:341-2

Muntz H, Rebeles S, Wieneke-Broghammer C, Vason E, McGonigle K. Robotic hysterectomy in obese and
morbidly obese women. Gynecol Oncol 2010;116:597

Corrado G, Chiantera V, Lucidi A, et al. Robotic hysterectomy in severe obese patients with endometrial cancer.
Int J Gynecol Cancer 2015;1:276

Vitobello D, Siesto G, Fattizzi N, leda NP, Bulletti C. Robotic surgical staging of endometrial cancer in obese vs
Non-obese women: a consecutive series. Int J Gynecol Cancer 2011;3:51050

Gardner G, Leitao M, Santos K, et al. Robotically assisted gynecologic surgery in the obese patient. Gynecol
Oncol 2010;1:5149

Chatterjee J, Pai P, Ye L, Usman S, Farthing A, Ghaem-Maghami S. The role of total laparoscopic hysterectomy
in treating morbidly obese patients with early endometrial cancer in a UK treatment centre. Int J Gynecol
Cancer 2011;2:151

Eriksen JLK, Melamed A, Berkowitz RS, Horowitz NS, Muto MG, Feltmate CM. Safety and feasibility of same-
day discharge in obese patients undergoing laparoscopic hysterectomy for endometrial intraepithelial
neoplasia and malignancy. Obstetrics and Gynecology. Presented at the 63rd Annual Clinical and Scientific
Meeting of the American College of Obstetricians and Gynecologists, San Francisco, CA, May 2-6, 2015.

Mohiyiddeen G, Aparajit Y, Ahmed A. Study on management of endometrial cancer. Int J Gynecol Obstet
2009;107:5272

Lim PC, Kang EY, Edsall I. Surgical outcomes of morbidly obese patients in treatment of endometrial cancer:
comparative analysis of robotic surgery versus laparoscopic surgery. J Minim Invasive Gynecol 2012;1:537

Singhal P, Haque Aziz H, Tyler G, Marchetti D. Surgical outcomes of robot-assisted surgical staging for
morbidly obese (BMI >40) patients with endometrial cancer: Technique for morbidly obese patients. Gynecol
Oncol 2011;120:5132

Stone PJ, Ismaeil M, Burnett A. Surgical outcomes with robotics and morbidly obese women. Int J Med Robot
Comput Assist Surg 2011;7:58-9

Gargini A, Perutelli A, Garibaldi S, Basile S, Salerno MG. Surgical staging of endometrial cancer in obese
patients: Robotic vs laparotomic approach. Int J Gynecol Cancer 2011;3:51042

Ongaro S, De Cuypere M, Delbecque K, Thille A, Kridelka F. A total laparoscopic approach is applicable to most
patients with early stage endometrial carcinoma: the chu of liege experience. Int J Gynecol Cancer
2014;4:1353-4

Wahba A, Thangavelu A, Abu J. Total laparoscopic hysterectomy in morbidly obese women with endometrial
hyperplasia/cancer: Nottingham University hospital experience. Int J Gynecol Cancer 2015;1:1179-80

Guzel AB, Vardar MA, Gulec U, Urunsak IF. Total laparoscopic hysterectomy with or without lymphadenectomy
for early stage endometrial cancer: impact of body mass index on outcomes. Int J Gynecol Cancer
2011;3:51090

Walter AC, Manahan KJ, Geisler JP. Vaginal cuff complications. Int J Gynecol Cancer 2011;3:51161

Bresson L, Le Carpentier M, Tresch E, et al. Endometrial cancer: Impact of obesity on feasibility and morbidity
of surgery. Int J Gynecol Cancer 2014;4:1528

Bresson L, Le Carpentier M, Tresch E, et al. Endometrial cancer: Impact of obesity on feasibility and morbidity
of surgery. Int J Gynecol Cancer 2014;4:1391

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am J Obstet 2019.

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

(continued)

428.e8 American Journal of Obstetrics & Gynecology NOVEMBER 2019



http://www.AJOG.org

APPENDIX 3
References excluded at full-text stage with reasons (continueq)

Reference

Reason for
exclusion

Kincy T, Fornalik H, Callahan M. What level of obesity affects results of surgery: s cohort study of robotics and
laparotomy for staging of endometrioid endometrial cancer among patients with basal metabolic index (BMI) of
40 and above? J Minim Invasive Gynecol 2014;1:S9

Seward SM, Cote ML, Ahmed QF, et al. Endometrial cancer complications and survival in morbidly obese
African American and white women. Gynecol Oncol 2014;133:174

Gunderson CC, Java J, Moore KN, Walker JL. The impact of obesity on pathologic features and survival with
endometrial cancer: a Gynecologic Oncology Group (GOG) LAP2 ancillary data study. Gynecol Oncol
2014;133:173-4

Bresson LB, Narducci F, Fournier C, et al. Obesity and oncologic gynecologic surgery. Gynecol Oncol
2014;133:158

Mahdi H, Jernigan AM, Schlick C, DeBernardo R, Moslemi-Kebria M. The impact of obesity on 30-day
morbidity and mortality after surgery for endometrial cancer. Gynecol Oncol 2014;133:157-8

Leitao MM, Cassella D, Sonoda Y, et al. Maximizing minimally invasive surgical approaches in the morbidly
obese patient with newly diagnosed uterine cancer. Gynecol Oncol 2014;133:51

Gunderson CC, Java J, Moore KN, Walker JL. Complications and surgical staging of endometrial cancer with
respect to obesity: a Gynecologic Oncology Group LAP2 ancillary data study. Gynecol Oncol 2014;133:31

Chan JK, Blansit KW, Chen LM, et al. The economic impact associated with caring for the morbidly obese with
endometrial cancer: a nationwide study of 6560 women. Gynecol Oncol 2014;133:30-1

Garnica MDR, Virginia GP, De VCC, Alvaro ZG, Laura FM, Manuel MFJ. Survival of endometrial carcinoma in our
community: review from 1996 to 2012. Gynecol Surg 2013;10:567

Ouldamer L, Jan S, Marret H, Body G. Relationship between body mass index and outcomes of women with
endometrial cancer. Int J Gynecol Cancer 2013;1:1105

Mendivil A, Rettenmaier M, Abaid L, et al. A comparison of open surgery, robotic-assisted surgery and
conventional laparoscopic surgery in morbidly obese endometrial cancer patients. Int J Gynecol Cancer
2013;1:1102

Stephan JM, McDonald M, Ahmed A, et al. Robotic surgery in super-morbidly obese patients with endometrial
cancer. Gynecol Oncol 2013;131:250

Lau S, Aubin S, Gourdji I, et al. Health-related quality of life (HRQoL) in women following robotic surgery for
endometrial cancer. Int J Gynecol Cancer 2012;22:E1158

Rodriguez Garnica MD, Garcia Pineda V, De Valle Corredor C, Zapico Goni A, Heron Iglesias S. Survival of
endometrial carcinoma in our community: review from 1996 to 2011. Gynecol Surg 2012;1:591

Goiri Little C, Bernal Arahal T, Ruiz Sautua R, Avlia Calle M, Goyeneche Lasaga L, Martinez Gallardo L. Influence
of obesity on retroperitoneal aortocaval lymphadenectomy. Gynecol Surg 2012;1:587

Rodriguez Garnica MD, De Valle Corredor C, Garcia Pineda V, Marcos Gonzalez V, Zapico Goni A. Endometrial
carcinoma in patients with elevated BMI in our community: review from 1996-2011. Gynecol Surg
2012;1:586-7

Lee IH. Surgical methods and outcomes in obese patients with endometrial cancer: a Korean outcome
research & analysis in gynecologic cancers (KORAGCS) study. Int J Gynaecol Obstet 2012;119:5400

Krill L, Salani R, Bristow R, Gerardi M, Ibeanu 0. Impact of morbid obesity on surgical staging of patients with
endometrial cancer. Gynecol Oncol 2012;127:524

Sandadi S, Walter A, Lee S, et al. Incidence of venous thromboembolism after minimally invasive surgery in
patients with newly diagnosed endometrial cancer. Gynecol Oncol 2012;125:520

Martinez Gomez E, Zapico A, Fuentes P, Arnanz F, Guzman M, Heron S. Laparoscopic approach in patients with
endometrium cancer and BMI over 35. Gynecol Surg 2011;8:S179

Rabischong B, Larrain D, Canis M, et al. Long term follow-up after laparoscopic management of endometrial
cancer in the obese. J Minim Invasive Gynecol 2011;1:S152

Dilek S, Doruk A, Dilek TUK, Arpaci R, Akgor U. Effect of obesity on clinicopathological features and outcome in
endometrial cancer. Int J Gynecol Cancer 2011;3:51145

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am J Obstet 2019.

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

(continued)

NOVEMBER 2019 American Journal of Obstetrics & Gynecology 428.€9



http://www.AJOG.org

APPENDIX 3
References excluded at full-text stage with reasons (continueq)

Reference

Reason for
exclusion

McMaster J, Dowdy S. Robotic surgery in gynecologic oncology: two month experience. Int J Gynecol Cancer
2011;2:154

Smith A, Scott E, Krivak T, Richard S. Evaluating operative times for dual-console robotic gynecology
procedures at a single institution: a review of our first fifty cases. Gynecol Oncol 2011;123:449-50

Ragnarsdottir B. Management of early endometrial cancer. J Obstet Gynaecol 2010;30:90

Tang KY, Winter W, Gardiner S. Robotic surgical staging for obese patients with endometrial cancer. J Minim
Invasive Gynecol 2010;1:5110-11

Elsahwi KS, Hooper C, Rutherford TJ, et al. Comparison between 150 cases of robotic vs 150 cases of open
surgical staging for endometrial cancer. J Minim Invasive Gynecol 2010;1:545

DeSimone C, Ware R, Seamon L, Van Nagell J, Ueland F. Endometrial cancer recurrence and survival in women
with morbid obesity compared with obese and normal/overweight women. Gynecol Oncol 2010;1:565

Baek MH, Suk HJ, Jung PS, et al. Feasibility and safety of laparoscopic surgery for obese Korean women with
endometrial cancer: long-term results at a single institution. J Minim Invasive Gynecol 2014;1:S188

Bernardini MQ, Gien L, Tipping H, Murphy J, Rosen B. Surgical outcome for robotic surgery in the morbidly
obese patient with endometrial cancer compared to laparotomy. Int J Gynecol Cancer 2012;22:E26

Bernardini MQ, Gien LT, Giede C, et al. GOC2: a multi-centre prospective trial comparing open, laparoscopic
and robotic surgical outcomes in women with endometrial cancer: part A: perioperative outcomes. Gynecol
Oncol 2017;145:54

Bresson L, Le Carpentier M, Tresh E, et al. Endometrial cancer and obesity: which impact on the surgery of 178
patients? Int J Gynecol Cancer 2015;1:237

Bresson L, Le Carpentier M, Tresh E, Narducci F, Leblanc E. Which is the impact of obesity on the surgical
management of a series of 178 cases of endometrial cancer? Gynecol Surg 2015;1:5354

Crosbie EJ, Estabragh ZR, Murphy J, Ahmed AS, Slade RJ. Apronectomy combined with laparotomy for
morbidly obese endometrial cancer patients. Surgical Oncol 2011;20:¢187-93

Dorzin E, Nguyen L, Anderson EK, Bunn WD, Cunningham MJ. Effect of body mass index on conversion rate and
complications among patients undergoing robotic surgery for endometrial cancer. Gynecol Oncol
2015;137:200-1

Inci A, Ulker V, Akbayir O, et al. The relationship between body mass index (BMI) values and surgical site
infections (SSIS) in patients with endometrial cancer. Int J Gynecol Cancer 2016;26(suppl2):37-8

Katayama K, Yoshida H, Hirata G, et al. Laparoscopic surgery for obese endometrial cancer patients. J Obstet
Gynaecol Res 2017;43:121-2

Longoria TC, Clair KH, Paraghamian SE, Vu H, Eskander RN, Bristow RE. The impact of body mass index (BMI)
classification on the likelihood of lymphadenectomy at the time of hysterectomy for endometrial cancer.
Gynecol Oncol 2017;145:144

Manchana T, Sirisabya N, Worasethsin P, Vasuratna A, Termrungruanglert W, Tresukosol D. Perioperative
outcomes comparing laparotomy and minimally invasive surgery for surgical staging in obese endometrial
cancer patients. Int J Gynecol Cancer 2015;1:1108

Mayor PC, Szender JB, Zsiros E, Frederick PJ, Lele SB, Odunsi KO. Venous thromboembolism after minimally
invasive surgery for gynecologic malignancy: a NSQIP database analysis. Gynecol Oncol 2016;141:181

Phadnis S, Korompelis P, Lamprou C, et al. Surgical and oncological outcome of morbidly obese (BMI > 40)
women having laparoscopic surgery for early stage endometrial cancer. Int J Gynecol Cancer 2016;26:1057

Reed KM, Ulm M, EI Naggar AC, Tillmanns T, Reed ME. The effects of obesity on robotic-assisted pelvic and
periaortic node sampling in endometrial cancer. Gynecol Oncol 2015;137:88

Selcuk I, 0zgu E, 0z M, et al. Obesity is not a rate-limiting step for lymphadenectomy during open procedures.
Int J Gynecol Cancer 2016;26:1074

Shams M. Minilaparotomy is it a suitable surgical approach for gynecologic diseases to patients with high body
mass index? Mansoura observational study. Gynecol Surg 2015;1:5142

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am J Obstet 2019.

Conference abstract

Conference abstract

Conference abstract
Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

(continued)

428.10 American Journal of Obstetrics & Gynecology NOVEMBER 2019



http://www.AJOG.org

APPENDIX 3
References excluded at full-text stage with reasons (continueq)

Reference

Reason for
exclusion

Shiki Y. Impact of obesity on the surgical outcome of early stage endometrial cancer: comparison of
laparoscopic surgery and laparotomy. Int J Gynecol Obstet 2015;131:E281-2

Shiki Y, Yagi M, Yagi K, et al. Impact of obesity on the surgical outcomes of early stage endometrial cancer:
Comparison of laparoscopic surgery and laparotomy. J Obstet Gynaecol Res 2016;42:23

Sidoruk A, Berlev I, Urmancheeva A, et al. Results of laparoscopic surgery in obese patients with early stage
endometrial carcinoma. Int J Gynecol Cancer 2015;1:1144

Suidan RS, He W, Sun CC, et al. Impact of body mass index on surgical costs and morbidity for women with
endometrial carcinoma/hyperplasia. J Clin Oncol 2016;34:#pages#

Uccella S, Bonzini M, Palomba S, et al. Impact of obesity on surgical outcomes of laparoscopic vs open
treatment for endometrial cancer: a multicenter study with propensity-matched analysis. Int J Gynecol Cancer
2015;1:308-11.

Watson CH, Uim M, El Naggar AC, Tillmann T. Recurrence in obese patients with stage | endometrioid
endometrial cancer: does para-aortic lymph node dissection matter? Gynecol Oncol 2017;145:52

Williams K, Zhang X, Latif NA, et al. Differences in obesity and comorbidity profiles by age in uterine cancer
patients and their impact on surgical outcomes. Gynecol Oncol 2016;141:160-1

Avila M, Axtell A, Lentz S, Funston J. The use of an alternative measurement of visceral adiposity to evaluate
endometrial cancer recurrence and survival. Gynecol Oncol 2017;147:232-3

Balavage K, Falanga A, Castagno J, Cardenas-Goicoechea J. Extended VTE prophylaxis in morbidly obese
patients who underwent robotic surgery for endometrial cancer. Obstet Gynecol 2018;131(suppl1):17S

Chipwete S, SooHoo S, Murphy D, Ramsay R. The impact of da VinCi surgical system in management of
endometrial and cervical cancers in the future: a retrospective study in the gynaecology oncology cancer
centre at the Royal Wolverhampton Hospital, UK. BJOG 2018;125(suppl1):65

Gallotta V, Gaballa K, Conte C, et al. Robotic versus laparoscopic transperitoneal para aortic lymphadenectomy
in gynecologic cancers: A single institute experience. Int J Gynecol Cancer 2017;27(suppl4):483

Ganju RG, Tennapel MJ, Chen AM, Hoover A. Prognostic significance of sarcopenia for patients treated by
surgery and radiation for uterine cancer. Int J Radiat Oncol Biol Phys 2017;99(suppl1):E292

Guzel AB, Kucukgoz Gulec U, Sucu M, Khatib G, Vardar MA. Clinical and prognostic effects of obesity on
endometrial cancer. Int J Gynecol Cancer 2017;27(suppl4):218

Harvey L, Slocum P, Heft J, Mokshagundam S, Crispens M, Zimmerman CW. Route of hysterectomy for
endometrial pathology in superobese patients. Am J Obstet Gynecol 2018;218(suppl2):S936-7

Moritake T, Ito H, Takamizawa S, Isaka K. Is robotic surgery for endometrial cancer affected by patient
physique? Investigation of Japanese patients. J Minim Invasive Gynecol 2017;24(suppl1):5102

Pletnev A, Taranenko S, Mavrichev S. Advantages of laparoscopic surgery versus open surgery in endometrial
cancer-3 year single institution data. Int J Gynecol Cancer 2017;27(suppl4):452

Pursell N, EI-Neemany D, Greenberg P, et al. Outcomes of robotic-assisted laparoscopic hysterectomy
stratified by body mass index. J Minim Invasive Gynecol 2017;24(suppl1):S155

Centre for Reviews; Dissemination. Laparoscopy as the primary modality for the treatment of women with
endometrial carcinoma (structured abstract). 2011.

Centre for Reviews; Dissemination. Laparoscopic hysterectomy is preferred over laparotomy in early
endometrial cancer patients, however not cost effective in the very obese (provisional abstract). 2011

Centre for Reviews; Dissemination. Comparison of laparoscopy and laparotomy for endometrial cancer
(structured abstract). Database of abstracts of reviews of effects. 2015.

Palomba S, Nelaj E. Zullo F. Visceral fat amount as predictive factor for early laparotomic conversion in obese
patients with endometrial cancer. Gynecol Oncol 2006;102:128

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am J Obstet 2019.

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Conference abstract

Letter/review

Letter/review

Letter/review

Letter/review

(continued)

NOVEMBER 2019 American Journal of Obstetrics & Gynecology 428.e11



http://www.AJOG.org

APPENDIX 3
References excluded at full-text stage with reasons (continueq)

Reason for
Reference exclusion
lavazzo C, lavazzo PE, Gkegkes ID. Obese patients with endometrial cancer: is the robotic approach a Letter/review

challenge or a new era of safer and more cost-effective management of such patients? J Robot Surg
2016;10:183-4

Devaja 0, Samara |, Papadopoulos AJ. Laparoscopically assisted vaginal hysterectomy (LAVH) versus total
abdominal hysterectomy (TAH) in endometrial carcinoma: prospective cohort study. Int J Gynecol Cancer
2010;20:570-5

Ghezzi F, Cromi A, Bergamini V, et al. Laparoscopic-assisted vaginal hysterectomy versus total laparoscopic
hysterectomy for the management of endometrial cancer: a randomized clinical trial. J Minim Invasive Gynecol
2006;13:114-20

Fowler JM, Seamon LG, Cohn DE, et al. Robotic hysterectomy and pelvic-aortic lymphadenectomy for
endometrial cancer. Obstet and Gynecol 2008;112:1207-13

Siesto G, Ornaghi S, leda N, Vitobello D. Robotic surgical staging for endometrial and cervical cancers in
medically ill patients. Gynecol Oncol 2013;129:593-7

James JA, Rakowski JA, Jeppson CN, Stavitzski NM, Ahmad S, Holloway RW. Robotic transperitoneal infra-
renal aortic lymphadenectomy in early-stage endometrial cancer. Gynecol Oncol 2015;136:285-92

Goel M, Zollinger TW, Moore DH. Surgical staging of endometrial cancer: robotic versus open technique
outcomes in a contemporary single surgeon series. J Robot Surg 2011;5:109-14

Dowdy SC, Aletti G, Cliby WA, Podratz KC, Mariani A. Extra-peritoneal laparoscopic para-aortic
lymphadenectomy: a prospective cohort study of 293 patients with endometrial cancer. Gynecol Oncol
2008;111:418-24

Bamgbade OA, Khaw RR, Sawati RS, Holland CM. Obstructive sleep apnea and postoperative complications
among patients undergoing gynecologic oncology surgery. Int J Gynecol Obstet 2017;138:69-73

El Sahwi KS, Hooper C, De Leon MC, et al. Comparison between 155 cases of robotic vs 150 cases of open
surgical staging for endometrial cancer. Gynecol Oncol 2012;124:260-4

Ghezzi F, Cromi A, Uccella S, Giudici S, Franchi M, Bolis P. Left-right asymmetry in pelvic lymph nodes
distribution: is there a right-side prevalence?. Eur J Obstet Gynecol Reprod Biol 2006;127:236-9

Kuroki LM, Mangano M, Allsworth JE, et al. Pre-operative assessment of muscle mass to predict surgical
complications and prognosis in patients with endometrial cancer. Ann Surg Oncol 2015;22:972-9

Lachance JA, Everett EN, Greer B, et al. The effect of age on clinical/pathologic features, surgical morbidity,
and outcome in patients with endometrial cancer. Gynecol Oncol 2006;101:470-5

0’Hanlan KA, Sten MS, O’Holleran MS, Ford NN, Struck DM, McCutcheon SP. Infrarenal lymphadenectomy for
gynecological malignancies: two laparoscopic approaches. Gynecol Oncol 2015;139:330-7

Sandadi S, Lee S, Walter A, et al. Incidence of venous thromboembolism after minimally invasive surgery in
patients with newly diagnosed endometrial cancer. Obstet Gynecol 2012;120:1077-83

Cybulska P, Schiavone MB, Sawyer B, et al. Trocar site hernia development in patients undergoing robotically
assisted or standard laparoscopic staging surgery for endometrial cancer. Gynecol Oncol 2017;147:371-4

Matsuo K, Ross MS, Im DD, et al. Significance of venous thromboembolism in women with uterine
carcinosarcoma. Gynecol Oncol 2018;148:267-74

Caquant F, Mas-Calvet M, Turbelin C, et al. Endometrial cancer by laparoscopy and vaginal approach in the
obese patient. [French]. Bulletin du Cancer 2006;93:402-6

Berlev I, Nekrasova E, Ulrikh E, Sidoruk A, Mikaya N, Urmancheeva A. Endovideosurgery in treatment of
patients with endometrial cancer: experience of Saint-Petersburg N.N. Petrov research institute oncology, 704
cases. Int J Gynecol Cancer 2015;1:1169

Berlev IV, Urmancheeva AF, Saparov AB, Khadzhimba AV, Nekrasova EA. Laparoscopic panhysterectomy with
pelvic lymph node dissection for endometrial cancer in obese patients. [Russian]. Voprosy Onkologii
2014;60:327-34

Berlev IV, Nekrasova EA, Urmancheeva AF, et al. The results of laparoscopic surgery for endometrial cancer:
the experience of the N.N. Petrov Research Institute of Oncology. [Russian]. Voprosy Onkologii 2015;61:362-8

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am J Obstet 2019.

No focus on body
mass index

No focus on body
mass index

No focus on body
mass index

No focus on body
mass index

No focus on body
mass index

No focus on body
mass index

No focus on body
mass index

No focus on body
mass index

No focus on body
mass index

No focus on body
mass index

No focus on body
mass index

No focus on body
mass index

No focus on body
mass index

No focus on body
mass index

No focus on body
mass index

No focus on body
mass index

Not in English

Not in English

Not in English

Not in English

(continued)

428.e12 American Journal of Obstetrics & Gynecology NOVEMBER 2019



http://www.AJOG.org

APPENDIX 3
References excluded at full-text stage with reasons (continueq)

Reason for
Reference exclusion
Martinez Gomez E, Zapico Goni A, Fuentes Castro P, Arnanz Velasco F, Juez Martel P. Endometrial cancer in the Not in English
severely obese: surgical management. [Spanish]. Clinica e Investigacion en Ginecologia y Obstetricia
2009;36:42-8
Gorski J, Szyllo K, Kamer-Bartosinska A. Retrospective estimation of the course of the postoperative period Not in English
among patients treated with surgery because of the endometrial carcinoma depending on the value of the BMI
ratio making allowances for co-existing diseases. [Polish]. Przeglad Menopauzalny 2005;4:62-9
Jan S, Duquesne M, Marret H, Body G, Ouldamer L. Influence of body mass index on management and Not in English
prognosis of women with endometrial cancer. [French]. Gynecologie Obstetrique et Fertilite 2014;42:766-71
Loaec C, Vaucel E, Darnis E, et al. [Clinical practice for morbidly obese endometrial cancer patients: A French Not in English

multicentric study]. Bulletin du Cancer 2018;105:441-9

Olejek A, Manka G. Panniculectomy in gynecologic cancer surgical procedures by using a harmonic scalpel.
Acta Obstetricia et Gynecola Scandinavica 2005;84:690-4

Umeadi UP, Ahmed AS, Murphy J, Slade RJ. Apronectomy in combination with major gynaecological
procedures. J Obstet Gynaecol 2008;28:516-8

Hardy JE, Salgado CJ, Matthews MS, Chamoun G, Fahey AL. The safety of pelvic surgery in the morbidly obese
with and without combined panniculectomy: a comparison of results. Ann Plast Surg 2008;60:10-3

Cosin JA, Brett Sutherland MA, Westgate CT, Fang H. Complications of robotic gynecologic surgery in the
severely morbidly obese. Ann Surg Oncol 2016;23:4035-41

Kannisto P, Harter P, Heitz F, Traut A, Du Bois A, Kurzeder C. Implementation of robot-assisted gynecologic
surgery for patients with low and high BMI in a German gynecological cancer center. Arch Gynecol Obstet
2014;290:143-8

Kohler C, Klemm P, Schau A, et al. Introduction of transperitoneal lymphadenectomy in a gynecologic oncology
center: analysis of 650 laparoscopic pelvic and/or paraaortic transperitoneal lymphadenectomies. Gynecol
Oncol 2004;95:52-61

Rebeles SA, Muntz HG, Wieneke-Broghammer C, Vason ES, McGonigle KF. Robot-assisted total laparoscopic
hysterectomy in obese and morbidly obese women. J Robot Surg 2009;3:141

Gallo TN, Silasi DA, Azodi M. Robotic-assisted gynecologic surgery: outcomes in obese and morbidly obese
patients. J Minim Invasive Gynecol 2011;1:S10

0’Hanlan KA, Lopez L, Dibble SL, Garnier AC, Huang GS, Leuchtenberger M. Total laparoscopic hysterectomy:
body mass index and outcomes. Obstet Gynecol 2003;102:1384-92

Benedetti Panici P, Perniola G, Pernice M, et al. Laparoscopically guided minilaparotomy: a minimally invasive
approach for the treatment of gynaecologic diseases in morbidly obese patients. Eur J Obstet Gynecol Reprod
Biol 2012;160:210-4

Salman MC, Usubutun A, Ozlu T, Boynukalin K, Yuce K. Obesity does not affect the number of retrieved lymph
nodes and the rate of intraoperative complications in gynecologic cancers. J Gynecol Oncol 2010;21:24-8

Davenport WB, Lowe MP, Chamberlin DH, et al. Outcomes of obese versus non-obese subjects undergoing
robotic-assisted hysterectomy: a multi-institutional study. J Robot Surg 2013;7:15-20

Eddib A, Danakas A, Hughes S, et al. Influence of morbid obesity on surgical outcomes in robotic-assisted
gynecologic surgery. J Gynecol Surg 2014;30:81-6

Geppert B, Lonnerfors C, Persson J. Robot-assisted laparoscopic hysterectomy in obese and morbidly obese
women: surgical technique and comparison with open surgery. Acta Obstet Gynecol Scand 2011;90:1210-7

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am J Obstet 2019.

Panniculectomy

Panniculectomy

Panniculectomy

Unable to identify
patients with
endometrial cancer

Unable to identify
patients with
endometrial cancer

Unable to identify
patients with
endometrial cancer

Unable to identify
patients with
endometrial cancer

Unable to identify
patients with
endometrial cancer

Unable to identify
patients with
endometrial cancer

Unable to identify
patients with
endometrial cancer

Unable to identify
patients with
endometrial cancer

Unable to identify
patients with
endometrial cancer

Unable to identify
patients with
endometrial cancer

Unable to identify
patients with
endometrial cancer

(continued)

NOVEMBER 2019 American Journal of Obstetrics & Gynecology 428.e13



http://www.AJOG.org

APPENDIX 3
References excluded at full-text stage with reasons (continueq)

Reference

Reason for
exclusion

Wysham WZ, Kim KH, Roberts JM, et al. Obesity and perioperative pulmonary complications in robotic
gynecologic surgery. Am J Obstet Gynecol 2015;213:33.e1-7

Shen CC, Hsu TY, Huang FJ, et al. Laparoscopic-assisted vaginal hysterectomy in women of all weights and the
effects of weight on complications. J Am Assoc Gynecol Laparosc 2002;9:468-73

Canlorbe G, Bendifallah S, Raimond E, et al. Severe obesity impacts recurrence-free survival of women with
high-risk endometrial cancer: results of a French multicenter study. Ann Surg Oncol 2015;22:2714-21

Cote ML, Ruterbusch JJ, Ahmed Q, et al. Endometrial cancer in morbidly obese women: do racial disparities
affect surgical or survival outcomes? Gynecol Oncol 2014;133:38-42

Fambrini M, Pieralli A, Bitossi U, et al. Mini-laparotomy versus vaginal surgery for class II-lll obese patients
with early-stage endometrial cancer. Anticancer Res 2012;32:707-12

Gunderson CC, Java J, Moore KN, Walker JL. The impact of obesity on surgical staging, complications, and
survival with uterine cancer: a Gynecologic Oncology Group LAP2 ancillary data study. Gynecol Oncol
2014;133:23-7

Kristensen AB, Hare-Bruun H, Hogdall CK, Rudnicki M. Influence of body mass index on tumor pathology and
survival in uterine cancer: a Danish register study. Int J Gynecol Cancer 2017;27:281-8

Linkov F, Edwards RP, Althouse A, et al. Obesity, lymphadenectomy and survival outcomes in intermediate to
high-risk, early-stage endometrial cancer patients. Future Oncol 2015;11:607-15

Todo Y, Okamoto K, Minobe S, Kato H. Clinical significance of surgical staging for obese women with
endometrial cancer: a retrospective analysis in a Japanese cohort. Jpn J Clin Oncol 2014;44:903-9

Von Gruenigen VE, Tian C, Frasure H, Waggoner S, Keys H, Barakat RR. Treatment effects, disease recurrence,
and survival in obese women with early endometrial carcinoma : a Gynecologic Oncology Group study. Cancer
2006;107:2786-91

Yin XH, Jia HY, Xue XR, Yang SZ, Wang ZQ. Clinical analysis of endometrial cancer patients with obesity,
diabetes, and hypertension. Int J Clin Exper Med 2014;7:736-43

Akbayir 0, Corbacioglu Esmer A, Numanoglu C, et al. Influence of body mass index on clinicopathologic
features, surgical morbidity and outcome in patients with endometrial cancer. Arch Gynecol Obstet
2012;286:1269-76

Erkanli S, Kayaselcuk F, Bagis T, Kuscu E. Impact of morbid obesity in surgical management of endometrial
cancer: surgical morbidity, clinical and pathological aspects. Eur J Gynaecol Oncol 2006;27:401-4

Kerimoglu 0S, Pekin A, Yilmaz SA, et al. Effect of the percentage of body fat on surgical, clinical and
pathological outcomes in women with endometrial cancer. J Obstet Gynaecol Res 2015;41:449-55

Martra F, Kunos C, Gibbons H, et al. Adjuvant treatment and survival in obese women with endometrial cancer:
an international collaborative study. Am J Obstet Gynecol 2008;198:89.e1-8

Pavelka JC, Ben-Shachar I, Fowler JM, et al. Morbid obesity and endometrial cancer: surgical, clinical, and
pathologic outcomes in surgically managed patients. Gynecol Oncol 2004;95:588-92

Santoso JT, Barton G, Riedley-Malone S, Wan JY. Obesity and perioperative outcomes in endometrial cancer
surgery. Arch Gynecol Obstet 2012;285:1139-44

Everett E, Tamimi H, Greer B, et al. The effect of body mass index on clinical/pathologic features, surgical
morbidity, and outcome in patients with endometrial cancer. Gynecol Oncol 2003;90:150-7

Lau S, Aubin S, Rosherger Z, et al. Health-related quality of life following robotic surgery: a pilot study. J Obstet
Gynaecol Can 2014;36:1071-8

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am J Obstet 2019.

Unable to identify
patients with
endometrial cancer

Unable to identify
patients with
endometrial cancer

Unable to identify
surgical approach

Unable to identify
surgical approach

Unable to identify
surgical approach

Unable to identify
surgical approach

Unable to identify

surgical approach

Unable to identify
surgical approach

Unable to identify
surgical approach

Unable to identify
surgical approach
Unable to identify
surgical approach
Open hysterectomy
Open hysterectomy
Open hysterectomy
Open hysterectomy
Open hysterectomy
Open hysterectomy

Open hysterectomy

Duplicate cohort

428.e14 American Journal of Obstetrics & Gynecology NOVEMBER 2019



http://www.AJOG.org

G19'gely ABojoaauly & soL8ISqQ 40 Jeulnor uedMBWY 6102 YIGWIAON

APPENDIX 4
Risk of bias assessment results for single-arm studies with the use of the Institute of Health Economics Quality Appraisal Checklist

Variable

First author, year

Backes, Baek, Bennich, Camanni, Corrado, Cunningham, Fanning, Farthing, Ghezzi, Holub,
2014 2016

2015

2010

2015

2015

2010

2012

2006

2000

Lau, Litta, Matsuo, Menderes, Obermair, 0’Gorman, O’Hanlan, Palomba, Peng,

2011 2013 2016

2014

2005

2008

2006

2007

2018

Rabischong, Rizzuto, Stephan,

2011

2014

2015

Was the
hypothesis/aim/
objective of the
study clearly
stated?

Was the study
conducted
prospectively?

Was the cohort
collected in >1
centre?

Were patients
recruited
consecutively?

Were the
characteristics
of the patients
who were
included in the

study described?

Were the

eligibility criteria
(ie, inclusion and

exclusion

criteria) for entry

into the study
clearly stated?

Did patients

enter at a similar

point in the
disease?

Was the
intervention of
interest clearly
described?

Were additional
interventions
(co-
interventions)
clearly
described?

Were outcome
measures
established a
priori?

Yes Yes

Yes Yes

Partial  Yes

Yes Yes

Unclear  Yes

Partial

Partial

Partial ~ Yes

Partial ~ Yes

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Unclear

Partial

Partial

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Unclear

Yes

Yes

Yes

Yes

No

No

Yes

Partial

Partial

Unclear

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

Yes

Partial

Yes

Yes

Yes

Yes

Yes

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am ] Obstet 2019.

Yes

Unclear

Yes

Yes

Partial

Yes

Yes

Partial

Yes

Yes

Yes

Yes

Yes

Yes

Partial

Partial

Yes

Yes

Yes

Partial

Yes Yes Yes

Yes Unclear No

No No No

Yes Yes Yes

Yes Yes Yes

Partial Yes Partial

Unclear Yes Unclear

Partial

Yes Yes

Yes Yes Partial

Partial Yes Yes

Yes

No

No

Yes

Partial

Partial

Unclear

Yes

Yes

Yes

Yes

Yes

Yes

Unclear

Yes

Yes

Yes

Partial

Partial

Partial

Yes

No

No

Yes

Partial

Partial

Yes

Yes

Yes

No

Partial

No

No

yes

Partial

Yes

Unclear

Yes

Yes

No

Yes

Yes

No

Unclear

Yes

Yes

Yes

Yes

Yes

Partial

Yes

No

No

Yes

Yes

Yes

No

Partial

Partial

Yes

Yes

No

Yes

Yes

Yes

Partial

Yes

Yes

Yes

Partial

Yes

No

No

Yes

Partial

Yes

No

Yes

No

Yes

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Partial

(continued)



http://www.AJOG.org

6102 439W3AON ABojodaufy & sau3ISqQ JO [eulnor ueduswy 91a'Qey

APPENDIX 4
Risk of bias assessment results for single-arm studies with the use of the Institute of Health Economics Quality Appraisal Checklist (continued)

First author, year

Backes, Baek, Bennich, Camanni, Corrado, Cunningham, Fanning, Farthing, Ghezzi, Holub, Lau, Litta, Matsuo, Menderes, Obermair, 0’Gorman, 0’Hanlan, Palomba, Peng, Rabischong, Rizzuto, Stephan,
Variable 2015 2014 2016 2010 2015 2015 2010 2012 2006 2000 2011 2013 2016 2014 2005 2008 2006 2007 2018 2011 2014 2015

Were the Unclear Unclear Unclear Unclear ~ Unclear  Unclear No Unclear  Unclear Unclear Unclear Unclear Unclear Unclear Unclear  Unclear Unclear ~ Unclear ~ Unclear Unclear Unclear  Unclear
outcome

assessors

blinded to the

intervention that

patients

received?

Were the Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
relevant

outcomes

measured with

appropriate

objective/

subjective

methods?

Were the Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
relevant

outcome

measures made

before and after

the intervention?

Were the Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes Yes Unclear Unclear Yes Yes Yes Yes Yes Yes
statistical tests

that were used to

assess the

relevant

outcomes

appropriate?

Were losses to ~ Yes Yes Yes Yes Yes Yes Yes Yes Yes Unclear  Yes Unclear Yes Yes Yes Yes Yes No Yes Yes Yes Yes
follow up
reported?

Was the follow- Unclear Yes Yes Yes Yes Yes Yes Yes Yes Unclear No Yes Yes Unclear Yes Unclear Unclear ~ Unclear  Unclear Yes Unclear Yes
up period long

enough for

important events

and outcomes to

occur?

Did the study No Yes Yes Yes Yes Partial Yes Partial Yes Partial  Yes Yes Yes Yes Partial Partial Partial Yes Yes Yes No Yes
provide

estimates of

random

variability in the

data analysis of

relevant

outcomes?

Were the Yes Yes Yes Yes Yes Yes Partial  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
adverse events
reported?

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am J Obstet 2019. (continued)



http://www.AJOG.org

119'g2p ABojoaauly & so181sqQ 40 Jeulnor ueduawy 610z YIGWIAON

APPENDIX 4
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Risk of bias assessment results for comparative studies with the Newcastle Ottawa Scale

available for outcome.

Cusimano. Robotic and laparoscopic hysterectomy in endometrial cancer. Am J Obstet 2019.

First author Selection Comparability Outcome Total Risk of bias?
Bernardini * %k k * k 5 Moderate
Bige 2. 8.8.8.¢ * %k 7 Low

Bijen 2. 8.8.8.¢ * * %k 8 Low
Borgfeldt 2. 8.8 8¢ * Kk * * 8 Low
Bouwman 2. 8. 8. 8¢ % %k 7 Low
Chan 2. 8.8.8. ¢ * * %k 7 Low
Cheng 2. 8.8.8 . * % Kk 7 Low
Cohn %k * ok * %k k 8 Low
Eisenhauer 2. 8.8 8¢ * % % Kk 8 Low
Eltabbakh 2. 8.8.8. ¢ * %k 7 Low
Gehrig 2.8 .8 ¢ * * 5 Moderate
Giugale 2. 8. 8.8 ¢ * * * 7 Low
Helm % %k Kk k * * 7 Low
Hinshaw 2. 8.8.8 ¢ * %k k 7 Low
Leitao * %k * k 5 Moderate
Mahdi 2. 8.8.8. ¢ * * %k 8 Low
Mendivil 28,88 ¢ * Kk 7 Low
Nevadunsky *k k * 5 Low
Obermair 2. 8.8.8.¢ * %k k 7 Low
Pellegrino 2. 8.8 8¢ 2.8.8 ¢ 7 Low
Perrone 2. 8.8.8 .4 * 5 Moderate
Ramzan 2. 8. 8. 8¢ * * %k 8 Low
Scribner * % % K * % 6 Moderate
Santi * %k k * * %k k 7 Low
Subramanian %k k * %k k 7 Low
Suidan 1 8.8 8 * * %k k 7 Low
Tang 2. 8.8 8.4 2.8.8 ¢ 7 Low
Tinelli 2. 8.8.8.¢ * k 6 Moderate
Uccella 2. 8. 8.8 * * * 7 Low

aScoring: low, >7; moderate, 4—6; high, <3. Each star indicates one point in a given category, with a maximum of 4 stars available for selection, 2 stars available for comparability, and 3 stars
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APPENDIX 6
Funnel plot
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Funnel plot of the proportion of conversions (x-axis) against standard error (y-axis) for A, laparoscopic hysterectomy, and B, robotic hysterectomy.
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