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Background: Obesity is a major health problem, demonstrated to double the risk of colorectal cancer.
The benefits of robotic colorectal surgery in obese patients remain largely unknown. This meta-analysis
evaluated the clinical and pathological outcomes of robotic colorectal surgery in obese and non-obese
patients.
Methods: MEDLINE, Embase, Global Health, Healthcare Management Information Consortium
(HMIC) and Midwives Information and Resources Service (MIDIRS) databases were searched on 1
August 2018 with no language restriction. Meta-analysis was performed according to PRISMA guidelines.
Obese patients (BMI 30 kg/m2 or above) undergoing robotic colorectal cancer resections were compared
with non-obese patients. Included outcome measures were: operative outcomes (duration of surgery,
conversion to laparotomy, blood loss), postoperative complications, hospital length of stay and patholog-
ical outcomes (number of retrieved lymph nodes, positive circumferential resection margins and length
of distal margin in rectal surgery).
Results: A total of 131 full-text articles were reviewed, of which 12 met the inclusion criteria and were
included in the final analysis. There were 3166 non-obese and 1420 obese patients. A longer duration of
surgery was documented in obese compared with non-obese patients (weighted mean difference −21⋅99
(95 per cent c.i. −31⋅52 to −12⋅46) min; P <0⋅001). Obese patients had a higher rate of conversion to
laparotomy than non-obese patients (odds ratio 1⋅99, 95 per cent c.i. 1⋅54 to 2⋅56; P < 0⋅001). Blood loss,
postoperative complications, length of hospital stay and pathological outcomes were not significantly
different in obese and non-obese patients.
Conclusion: Robotic surgery in obese patients results in a significantly longer duration of surgery and
higher conversion rates than in non-obese patients. Further studies should focus on better stratification
of the obese population with colorectal disease as candidates for robotic procedures.
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Introduction

Obesity remains a major global health concern associated
with a continuous drain of healthcare resources in the con-
text of both high- and low-income settings. Since 1980,
the prevalence of obesity has doubled in over 70 coun-
tries, with largest increases in children and adolescents1.
In addition, obesity increases the risk of colorectal can-
cer, which is currently the second most common cause
of cancer-related death worldwide2–5. Accordingly, the

number of obese individuals requiring curative colorectal
cancer surgery continues to rise.

Colorectal surgery in the obese patient has always pre-
sented a technical challenge. These difficulties include: the
logistics of the theatre environment and having an operat-
ing table to accommodate patients with a high BMI; risk of
peripheral nerve injury due to lack of protection of pres-
sure areas; and the anatomical challenge of manipulating
a significant depth of adipose tissue to obtain adequate
access and visualization6,7. In the context of laparoscopic
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colorectal surgery, obese patients have higher conversion
rates, longer operating times and a higher risk of post-
operative complications8–12. The field of view and oper-
ative space may be limited in obese patients for several
reasons, including: the bulky mesocolon causing difficulty
in distinguishing operative planes, dissection, mobiliza-
tion and ligation of vessels8; motion restriction due to
increased abdominal wall thickness; and friable fatty tis-
sue which causes difficulty in retraction and has a high
risk of bleeding. Owing to patient positioning difficul-
ties, obese patients have a reduced physiological reserve,
and this may affect their ability to tolerate a laparoscopic
procedure6.

Robotic surgery has the potential to overcome the
challenges of laparoscopic approaches as a result of
greater manual dexterity, multiarticulated instruments,
enhanced surgical ergonomics13, augmented visualization
and three-dimensional imaging. Since the introduction of
the first da Vinci® telerobotic surgical system (Intuitive
Surgical, Sunnyvale, California, USA) in 2001, the world-
wide incidence of robotic colorectal resection has been
increasing14,15.

The benefits of robotic colorectal surgery on obese
patients remain unclear. The Robotic versus Laparo-
scopic Resection for Rectal cancer (ROLARR) trial16

compared laparoscopic and robotic-assisted colorectal
surgery, and found that obese patients had higher over-
all rates of conversion to open surgery (23⋅4 per cent)
than non-obese patients (6⋅1 per cent) for laparoscopic
and robotic surgery combined. When comparing laparo-
scopic and robotic surgery in obese patients, laparoscopic
surgery had a higher conversion rate than robotic surgery
(27⋅8 versus 18⋅9 per cent respectively)16. Similar results
were found in another study17 comparing obese and
non-obese patients undergoing laparoscopic and robotic
surgery.

The aim of the present study was to appraise the literature
systematically to identify the clinical outcomes of robotic
colorectal surgery in obese versus non-obese patients, in
order to clarify the evidence regarding the application of
this technology in clinical practice.

Methods

A meta-analysis was performed according to the PRISMA
and MOOSE guidelines18–20.

Studies were included for quantitative meta-analysis if
the following criteria were met: the study compared the
outcome between obese and non-obese patients under-
going robotic colonic and/or rectal surgery; obesity was
defined as a BMI of 30 kg/m2 or above21,22; at least one

of the main outcome measures (see below) was reported;
adequate raw data were reported to allow for the exact
percentage or number of events to be extracted and stan-
dard deviations calculated.

The included outcome measures were: duration of
surgery, conversion to laparotomy, blood loss, postoper-
ative complications, length of hospital stay, number of
retrieved lymph nodes, positive circumferential resection
margin (CRM), and length of distal margin in rectal
surgery.

Only full-text, peer-reviewed, published and indexed
studies were included. Abstracts, congress proceedings,
reviews and case reports were excluded. For the purposes
of this review, studies reviewing transanal procedures and
laboratory-based studies were also excluded.

Literature search

All studies were identified using electronic databases and
reference lists of articles. Using the OvidSP search engine,
MEDLINE, Embase, Global Health, Healthcare Man-
agement Information Consortium (HMIC) and Midwives
Information and Resources Service (MIDIRS) databases
were searched on 1 August 2018. Search terms used were:
‘robot* AND (colon OR rectum OR rectal OR colorec-
tal) AND (obes* OR BMI OR Body Mass Index)’. There
was no limit for date and no language restriction. Relevant
review articles found through the search strategy were also
hand-searched to identify any remaining studies.

Data collection and analyses

Articles were screened from titles and abstracts by two
independent authors. Potentially relevant articles that
appeared to fit the inclusion and exclusion criteria were
obtained in full text. All articles were assessed indepen-
dently for eligibility by the same authors. Articles were
excluded if they were duplicates or data were incomplete.
Any disputes in agreement for study inclusion or exclusion
were resolved by discussion with the senior author.

Data were registered in Excel® (Microsoft, Redmond,
Washington, USA), and reviewed subsequently. Data
extracted from each trial included: authors and publication
year; study design used; inclusion and exclusion criteria;
type of procedure (laparoscopic, robotic); outcome mea-
sures of interest (operative outcomes: length of operation,
rate of conversion and blood loss; postoperative outcomes:
anastomotic leak, wound infection, prolonged ileus, post-
operative infection and length of hospital stay; oncological
outcomes: lymph node harvest, length of distal margin and
CRM positivity).
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Fig. 1 PRISMA diagram for the review
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Statistical analysis

Analyses were performed using Stata® version 12 (Stata-
Corp, College Station, Texas, USA). For continuous
outcomes, the weighted mean difference (MD) between
groups with 95 per cent c.i. was calculated. The pro-
portional difference between histological outcomes was
calculated and pooled using DerSimonian and Laird
random-effects modelling. A quality assessment of
non-RCTs was performed using a modification of the
Newcastle–Ottawa scale20,23. Studies were assessed in
three domains: selection of the treatment group, com-
parability of the treatment groups, and assessment of
outcomes. Studies with a score of seven or more were
considered to be of high quality and included in subgroup
analyses20,23.

Results

A total of 3698 articles were identified on initial search of
the bibliographic databases. After removal of duplicates and
full-text screening, 12 articles16,17,24–33 subsequently met

the inclusion and exclusion criteria and were included in
the meta-analysis (Fig. 1).

The characteristics of each study are shown in Table 1.
Across all studies, there was a total of 3166 non-obese
and 1420 obese patients. Study types included: one
RCT at 29 sites across ten countries16, two prospective
studies24,25 and nine retrospective studies17,26–33. In eight
studies16,17,24,26,28,29,31,33 all patients had malignant dis-
ease, whereas four studies25,27,30,32 included patients with a
benign disease process. In seven studies16,17,24,26,28,31,33 only
rectal surgery was performed, two29,32 did only colonic
surgery, and three25,27,30 did colonic and/or rectal surgery.
As all but one study16 had a non-randomized design, the
Newcastle–Ottawa Scale (NOS) was used (results are
shown in Table S1, supporting information). All studies
that had used NOS in their methodology were found to be
of higher quality.

Duration of operation

Nine articles24–28,30–33 included the duration of surgery,
with a total of 1306 patients in the obese group and 2491
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Table 1 Characteristics of studies included in the meta-analysis

No. of patients

Reference Country Study design Malignant or benign
Location

of surgery Non-obese Obese NOS

Ackerman et al.17 USA Retrospective (PSM) Malignant Rectal 469 64 7

Bayraktar et al.26 Turkey Retrospective Malignant Rectal 71 20 9

Duchalais et al.33 USA Retrospective Malignant Rectal 125 58 9

Jayne et al.16 UK, other RCT Malignant Rectal 183 53 9

Baukloh et al.24 Germany Prospective Malignant Rectal 291 57 6

Harr et al.27 USA Retrospective (CMS) Benign and malignant Colorectal 108 108 9

Pai et al.28 USA Retrospective Malignant Rectal 68 33 7

Schootman et al.32 USA Retrospective Benign and malignant Colon 1415 815 9

Cardinali et al.29 Italy Retrospective Malignant Colon 23 7 5

Keller et al.30 USA Retrospective (CMS) Benign and malignant Colorectal 45 45 7

Lagares-Garcia et al.25 USA Prospective Benign and malignant Colorectal 69 34 9

Hellan et al.31 USA Retrospective Malignant Rectal 299 126 9

NOS, Newcastle–Ottawa Quality Assessment Scale; PSM, propensity score matching; CMS, case-matched study.

in the non-obese group. Pooled analysis confirmed that
duration of surgery was 22⋅0 per cent longer in obese
compared with non-obese patients using robotic surgery
(MD −21⋅99 (95 per cent c.i. −31⋅52 to −12⋅46) min;
P < 0⋅001) (I2 = 30⋅5 per cent) (Fig. 2a). In one study25,
which organized patients into ‘increasing BMI’ groups,
there was a reported mean operating time of 123⋅4,
137⋅9 and 154⋅7 min for patients with a BMI of less than
25 kg/m2, 25 to less than 30 kg/m2, and 30 kg/m2 or more
respectively. Patients with a higher BMI had significantly
longer operating times25.

Blood loss

Seven articles24–28,30,31 included estimated blood loss, with
a total of 433 patients in the obese group and 951 in
the non-obese group. Pooled analysis showed that esti-
mated blood loss was not significantly lower in non-obese
compared with obese patients, although there was a 20⋅9
per cent reduction in estimated blood loss in non-obese
patients (MD −20⋅86 (95 per cent c.i. −43⋅23 to 1⋅52) ml;
P = 0⋅068) (I2 = 18⋅8 per cent) (Fig. 2b).

Conversion rate

All 12 studies included the conversion rate, which is often
used as a surrogate marker of difficulty during surgery.
There was a total of 1420 patients in the obese group and
3166 in the non-obese group. Pooled results from the 12
studies confirmed a significantly higher conversion rate in
the obese patients undergoing robotic surgery (odds ratio
(OR) 1⋅99 (95 per cent c.i. 1⋅54 to 2⋅56; P < 0⋅001)) (I2 = 0
per cent) (Fig. 2c).

Complications

Seven studies25–27,30–33 reviewed overall postoperative
complications relating to the use of robotic surgery, with
a total of 1216 patients in the obese group and 2132 in
the non-obese group. A pooled OR of 1⋅09 (95 per cent
c.i. 0⋅94 to 1⋅28; P = 0⋅264) found no difference in overall
complications between the two groups (I2 = 0 per cent)
(Fig. 3a).

Anastomotic leak

Eight articles24–28,30,31,33 included the rate of anastomotic
leak, with a total of 464 patients in the obese group and
1043 in the non-obese group. A pooled OR of 1⋅07 (95
per cent c.i. 0⋅68 to 1⋅67; P = 0⋅776) indicated no differ-
ence in anastomotic leak rate between the two groups for
colonic and/or rectal surgery (I2 = 0 per cent) (Fig. 3b).
Five24,26,28,31,33 of the seven articles on rectal surgery
reviewed anastomotic leakage; pooled results gave an odds
ratio of 1⋅218 and showed no significant difference between
the obese and non-obese patient groups (OR 1⋅22, 0⋅74 to
2⋅02; P = 0⋅444) (I2 = 0 per cent) (Fig. 3c).

Wound infection

Six articles25,26,28,30,31,33 reviewed the rates of wound infec-
tion, superficial surgical-site infection or minor wound
complication, with a total of 326 patients in the obese group
and 677 in the non-obese group. Pooled results indicated
no difference in rates of wound infection between the two
groups (OR 1⋅76, 95 per cent c.i. 0⋅89 to 3⋅48; P = 0⋅106)
(I2 = 0 per cent) (Fig. 3d).
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Fig. 2 Forest plots comparing operative outcomes in obese and non-obese patients undergoing robotic colorectal surgery
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a Duration of operation, b blood loss, c conversion rate to laparotomy. a,b Weighted mean differences (MDs) and c odds ratios (ORs) are shown with 95
per cent confidence intervals. Weights are from random-effects analysis.
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Fig. 3 Forest plots comparing postoperative outcomes and length of hospital stay in obese and non-obese patients undergoing robotic
colorectal surgery
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a Overall postoperative complications, b anastomotic leakage following colorectal surgery, c anastomotic leakage following rectal surgery, d wound infection,
e postoperative ileus, f length of hospital stay. Odds ratios (ORs) are shown with 95 per cent confidence intervals. Weights are from random-effects analysis.

Postoperative ileus

Seven articles24–28,30,33 compared rates of prolonged ileus,
with a total of 365 patients in the obese group and 777

in the non-obese group. Pooled analysis demonstrated
no difference between the groups (OR 1⋅63, 95 per
cent c.i. 0⋅88 to 3⋅01; P = 0⋅118) (I2 = 20⋅3 per cent)
(Fig. 3e).
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Fig. 4 Forest plots comparing pathological outcome measures in obese and non-obese patients undergoing robotic colorectal surgery
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0·10 (0·52, 0·33)

0·10 (–0·18, 0·39)

0·19 (–0·23, 0·60)

0·61 (0·13, 1·08)

0·10 (–0·11, 0·31)

12·96

25·01

13·52

10·57

37·94

0·14 (–0·02, 0·31)Overall: I2= 20·5%, P = 0·284 100·00

–1·08

Non-obese Obese

0 1·08

c  Length of distal margin in rectal cancer surgery

MD (cm) MD (cm)  Weight (%)

a Number of retrieved lymph nodes, b rate of circumferential resection margin (CRM) positivity in rectal cancer surgery, c length of distal margin in rectal
cancer surgery. a Weighted mean differences (MDs) b odds ratios (ORs) and c MDs are shown with 95 per cent confidence intervals. Weights are from
random-effects analysis.
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Length of hospital stay

Nine articles24–28,30–33 included the length of hospital stay,
with a total of 1306 patients in the obese group and
2491 in the non-obese group. Pooled results showed a
non-significant difference of 0⋅1 days between non-obese
and obese patients (MD −0⋅10 (95 per cent c.i. −0⋅45 to
0⋅25) days; P = 0⋅571) (I2 = 6⋅4 per cent) (Fig. 3f ).

Lymph node harvest

Seven articles24–26,28,30,31,33 reported the number of
retrieved lymph nodes, with a total of 355 patients in
the obese group and 907 in the non-obese group. Pooled
results showed no significant difference between the two
groups (MD 0⋅22, 95 per cent c.i. −0⋅88 to 1⋅32; P = 0⋅695)
(I2 = 1⋅2 per cent) (Fig. 4a).

Circumferential resection margin positivity
in rectal cancer

Six articles24,26,28,30,31,33 reviewed the rate of CRM positiv-
ity in rectal cancer surgery, with a total of 349 patients in
the obese group and 899 in the non-obese group. Pooled
analysis showed no difference between the groups (OR
1⋅47, 95 per cent c.i. 0⋅71 to 3⋅05; P = 0⋅299) (I2 = 0 per
cent) (Fig. 4b).

Distal resection margin in rectal cancer

Five articles24–26,28,31 reviewed the length of distal margin
in patients who had rectal surgery for malignancy, with
a total of 280 patients in the obese group and 765 in
the non-obese group. Pooled results showed no significant
difference between the groups (MD 0⋅19 (95 per cent c.i.
−0⋅10 to 0⋅47) cm; P = 0⋅200) (I2 = 0 per cent) (Fig. 4c).

Discussion

The clinical value of routine robotic colorectal surgery
remains controversial. The results of this meta-analysis of
robotic colorectal surgery in obese patients found results
comparable to those for non-obese patients for oncologi-
cal and postoperative outcomes. Duration of surgery and
conversion rate to laparotomy were, however, significantly
greater in obese subjects.

The finding of longer operating times in obese patients
undergoing robotic colorectal surgery is supported by
a similar trend in obese patients having laparoscopic
surgery8,9,12,34–38. Specific factors that could account for
this longer duration of surgery in obese patients having
robotic surgery include: robotic surgery set-up in the

obese patient; anaesthesia in obese patients; additional
intraoperative port access; and need to manoeuvre obese
patients during surgery.

The overall conversion rate in laparoscopic colorectal
surgery has been reported to be as high as 29 per cent
in some studies39–44. Minimally invasive colorectal surgery
in obese patients has consistently demonstrated higher
conversion rates in comparison with rates in non-obese
patients8,9,11,12,45. The conversion rates reported in the
present analysis are similar to those found in a previ-
ous systematic review8 of obese versus non-obese patients
undergoing laparoscopic colorectal surgery (OR for con-
version 2⋅11, 95 per cent c.i. 1⋅58 to 2⋅81). Although these
results are not directly comparable (as they are derived
from different sets of studies), they suggest non-inferiority
for robotic surgery in the risk of conversion to a laparo-
scopic procedure, and may indicate a slight advantage. This
may be due to the enhanced ergonomics and increased
degrees of freedom in a tight operative space afforded
by robotic platforms, for example in obese men with
a narrow pelvic inlet or when surgical planes are lim-
ited by extensive adhesions46. As a result, the significant
proportion of conversion in some laparoscopic colorectal
studies has not been demonstrable for robotic colorectal
surgery47.

Obese patients undergoing laparoscopic colorectal
surgery typically have more postoperative complications
than non-obese patients8–12,48–51, including anasto-
motic leak8,10–12,49,50, surgical-site infection or wound
complications8–12,49,51, postoperative ileus9,12,52, urinary
events12 and pulmonary events9. These may be due to
the underlying co-morbidity of obesity, which includes
diabetes mellitus, cardiac disease and sleep apnoea53,54,
although these issues were not reported in the present
meta-analysis.

Anastomotic leak is perhaps the most feared postop-
erative surgical complication, owing to high associated
morbidity and mortality rates55. Several studies have
demonstrated obesity to be an independent risk factor of
anastomotic leakage in all colorectal surgery8,10–12,49,50,56,
and in rectal surgery alone11,57. This has been traditionally
explained by factors ranging from increased intraoperative
technical difficulty in obesity to poorer postoperative
healing due to co-morbidities associated with obesity, such
as type 2 diabetes mellitus and its associated arteriopathy,
and poor local tissue perfusion.

The similar rates of anastomotic leakage in obese and
non-obese patients found in this study may be due to
the enhanced intraoperative technical capability of robotic
surgery, particularly in areas that are difficult to access, such
as the pelvis.

© 2020 The Authors. www.bjsopen.com BJS Open 2020; 4: 1042–1053
BJS Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd



1050 Y. Suwa, M. Joshi, L. Poynter, I. Endo, H. Ashrafian and A. Darzi

Robotic surgery offers the advantages of enhanced
instrument manipulation (with 7 degrees of freedom) and
three-dimensional visualization (including the potential
for augmented reality) on a stable camera platform with
zoom magnification58–60.

Consistent with existing laparoscopic studies8, this
meta-analysis demonstrated no significant difference in
oncological outcomes (rate of rectal CRM positivity,
number of retrieved lymph nodes, and length of distal
rectal margin) between obese and non-obese patients.
The specific issue of CRM positivity on recurrence and
prognosis in rectal cancer surgery, however, remains
controversial61–64. Some studies, such as the ROLARR
trial, have reported lower CRM positivity rates in robotic
compared with laparoscopic surgery (5⋅1 versus 6⋅3 per
cent respectively, although not statistically significant);
this could be associated with long-term prognosis and
may derive from evidence reporting enhanced macro-
scopic completeness for total mesorectal excision (TME)
in robotic rectal surgery compared with laparoscopic
approaches, perhaps indicating a possible technical advan-
tage of the robotic approach for TME dissection. However,
more evidence from larger trials is necessary to confirm
both these findings and any further associations with
patient prognosis. In addition, there is controversy over the
issues of length of resection margin (greater than 2 cm)65

and lymph node yield (more than 12)66 on long-term
prognosis.

There are some limitations relating to interpretation of
the present results. One is a possible selection bias for
patients having robotic surgery, as most of the studies in
the analysis were observational. Here, obese subjects may
have had specific characteristics that led to their selection
as candidates for robotic surgery. Second, owing to the
limited number of studies in robotic surgery, sample sizes
across all studies in this meta-analysis were relatively small.
In addition, the quality of many of the available studies
was low, with 11 of the 12 studies being observational in
study design and only one RCT16 being conducted. Fur-
thermore, due to limited data in robotic surgery, it was not
possible to review all co-morbidities, and this may have cre-
ated a further reporting bias. Specifically, there were insuf-
ficient study numbers to review cardiopulmonary compli-
cations, venous thromboembolic and urinary complication
events. There was a paucity of long-term survival data,
and therefore it was not possible to analyse prognosis
robustly.

A number of surgical limitations have been reported
with the current da Vinci® system, including lack of
haptic feedback, limitations with instruments, learning
curve and training needs for all theatre staff, operating

room space, and the potential risk of clashing of surgical
arms.

The rising prevalence of global obesity has also resulted
in a higher prevalence of obese colorectal patients requir-
ing surgery. These results suggest that robotic colorectal
resection surgery in obese subjects is comparable to robotic
colorectal surgery in non-obese patients in terms of post-
operative or oncological outcomes. Robotic procedures did
however increase the duration of operation and conver-
sion rate to laparotomy in obese patients. The decision on
selecting the most appropriate surgical approach for obese
colorectal patients will however require higher levels of
evidence derived from larger prospective and randomized
studies of a longer duration. Future studies should con-
sider emerging robotic technologies, and individual sur-
gical anatomy of individual subjects when considering the
role of robotic surgery in obese patients.

Acknowledgements

This paper reports independent research funded by the
National Institute for Health Research (NIHR) Imperial
Biomedical Research Centre and NIHR Imperial Patient
Safety Translational Research Centre. The views expressed
in this publication are those of the authors and not neces-
sarily those of the National Health Service, the NIHR, or
the Department of Health and Social Care. Infrastructure
support for this research was provided by the NIHR Impe-
rial Biomedical Research Centre and the NIHR Imperial
Patient Safety Translational Research Centre.
Disclosure: The authors declare no conflict of interest.

References

1 GBD 2015 Obesity Collaborators; Afshin A, Forouzanfar
MH, Reitsma MB, Sur P, Estep K, Lee A et al. Health effects
of overweight and obesity in 195 countries over 25 years.
N Engl J Med 2017; 377: 13–27.

2 Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M.
Body-mass index and incidence of cancer: a systematic review
and meta-analysis of prospective observational studies. Lancet
2008; 371: 569–578.

3 Calle EE, Kaaks R. Overweight, obesity and cancer:
epidemiological evidence and proposed mechanisms. Nat Rev
Cancer 2004; 4: 579–591.

4 Bardou M, Barkun AN, Martel M. Obesity and colorectal
cancer. Gut 2013; 62: 933–947.

5 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA,
Jemal A. Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin 2018; 68:
394–424.

© 2020 The Authors. www.bjsopen.com BJS Open 2020; 4: 1042–1053
BJS Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd



Obese patients and robotic colorectal surgery 1051

6 Lascano CA, Kaidar-Person O, Szomstein S, Rosenthal R,
Wexner SD. Challenges of laparoscopic colectomy in the
obese patient: a review. Am J Surg 2006; 192: 357–365.

7 Balentine CJ, Marshall C, Robinson C, Wilks J, Anaya D,
Albo D et al. Obese patients benefit from minimally invasive
colorectal cancer surgery. J Surg Res 2010; 163: 29–34.

8 Fung A, Trabulsi N, Morris M, Garfinkle R, Saleem A,
Wexner SD et al. Laparoscopic colorectal cancer resections
in the obese: a systematic review. Surg Endosc 2017; 31:
2072–2088.

9 Zhou Y, Wu L, Li X, Wu X, Li B. Outcome of laparoscopic
colorectal surgery in obese and nonobese patients: a
meta-analysis. Surg Endosc 2012; 26: 783–789.

10 Yang T, Wei M, He Y, Deng X, Wang Z. Impact of visceral
obesity on outcomes of laparoscopic colorectal surgery: a
meta-analysis. ANZ J Surg 2015; 85: 507–513.

11 Qiu Y, Liu Q, Chen G, Wang W, Peng K, Xiao W et al.
Outcome of rectal cancer surgery in obese and nonobese
patients: a meta-analysis. World J Surg Oncol 2016; 14: 23.

12 He Y, Wang J, Bian H, Deng X, Wang Z. BMI as a predictor
for perioperative outcome of laparoscopic colorectal surgery:
a pooled analysis of comparative studies. Dis Colon Rectum
2017; 60: 433–445.

13 Tan A, Ashrafian H, Scott AJ, Mason SE, Harling L,
Athanasiou T et al. Robotic surgery: disruptive innovation or
unfulfilled promise? A systematic review and meta-analysis of
the first 30 years. Surg Endosc 2016; 30: 4330–4352.

14 Weber PA, Merola S, Wasielewski A, Ballantyne GH.
Telerobotic-assisted laparoscopic right and sigmoid
colectomies for benign disease. Dis Colon Rectum 2002; 45:
1689–1696.

15 Hashizume M, Shimada M, Tomikawa M, Ikeda Y,
Takahashi I, Abe R et al. Early experiences of endoscopic
procedures in general surgery assisted by a
computer-enhanced surgical system. Surg Endosc 2002; 16:
1187–1191.

16 Jayne D, Pigazzi A, Marshall H, Croft J, Corrigan N,
Copeland J et al. Effect of robotic-assisted vs conventional
laparoscopic surgery on risk of conversion to open
laparotomy among patients undergoing resection for rectal
cancer: the ROLARR randomized clinical trial. JAMA 2017;
318: 1569–1580.

17 Ackerman SJ, Daniel S, Baik R, Liu E, Mehendale S,
Tackett S et al. Comparison of complication and conversion
rates between robotic-assisted and laparoscopic rectal
resection for rectal cancer: which patients and providers
could benefit most from robotic-assisted surgery? J Med Econ
2018; 21: 254–261.

18 The Cochrane Collaboration. Cochrane Handbook for
Systematic Reviews of Interventions. Version 5.1.0 (updated
March 2011). http://handbook-5-1.cochrane.org/ [accessed
27 July 2020].

19 Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA
Group. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. BMJ 2009; 339:
b2535.

20 Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD,
Rennie D et al. Meta-analysis of observational studies in
epidemiology: a proposal for reporting. Meta-analysis Of
Observational Studies in Epidemiology (MOOSE) Group.
JAMA 2000; 283: 2008–2012.

21 WHO. Obesity: Preventing and Managing the Global Epidemic.
WHO: Geneva, 2000.

22 WHO. Obesity and Overweight. http://www.who.int/en/
news-room/fact-sheets/detail/obesity-and-overweight
[accessed 27 July 2020].

23 Wells G, Shea B, O’Connell D, Peterson J, Welch V,
Losos M et al. The Newcastle–Ottawa Scale (NOS) for assessing
the quality of nonrandomised studies in meta-analyses. Ottawa
Hospital Research Institute: Ottawa, 2009.

24 Baukloh JK, Reeh M, Spinoglio G, Corratti A, Bartolini I,
Mirasolo VM et al. Evaluation of the robotic approach
concerning pitfalls in rectal surgery. Eur J Surg Oncol 2017;
43: 1304–1311.

25 Lagares-Garcia J, O’Connell A, Firilas A, Robinson CC,
Dumas BP, Hagen ME. The influence of body mass index on
clinical short-term outcomes in robotic colorectal surgery.
Int J Med Robot 2016; 12: 680–685.

26 Bayraktar O, Aytaç E, Özben V, Atasoy D, Bilgin IA, Erenler
Bayraktar I et al. Does robot overcome obesity-related
limitations of minimally invasive rectal surgery for cancer?
Surg Laparosc Endosc Percutan Tech 2018; 28: e8–e11.

27 Harr JN, Luka S, Kankaria A, Juo Y-Y, Agarwal S, Obias V.
Robotic-assisted colorectal surgery in obese patients: a
case-matched series. Surg Endosc 2017; 31: 2813–2819.

28 Pai A, Alsabhan F, Park JJ, Melich G, Sulo S, Marecik SJ.
The impact of obesity on the perioperative,
clinicopathologic, and oncologic outcomes of robot assisted
total mesorectal excision for rectal cancer. Pol Przegl Chir
2017; 89: 23–28.

29 Cardinali L, Belfiori G, Ghiselli R, Ortenzi M, Guerrieri M.
Robotic versus laparoscopic right colectomy for cancer:
short-term outcomes and influence of body mass index on
conversion rate. Minerva Chir 2016; 71: 217–222.

30 Keller DS, Madhoun N, Flores-Gonzalez JR, Ibarra S,
Tahilramani R, Haas EM. Effect of BMI on short-term
outcomes with robotic-assisted laparoscopic surgery: a
case-matched study. J Gastrointest Surg 2016; 20: 488–493.

31 Hellan M, Ouellette J, Lagares-Garcia JA, Rauh SM,
Kennedy HL, Nicholson JD et al. Robotic rectal cancer
resection: a retrospective multicenter analysis. Ann Surg
Oncol 2015; 22: 2151–2158.

32 Schootman M, Hendren S, Loux T, Ratnapradipa K, Eberth
JM, Davidson NO. Differences in effectiveness and use of
robotic surgery in patients undergoing minimally invasive
colectomy. J Gastrointest Surg 2017; 21: 1296–1303.

33 Duchalais E, Machairas N, Kelley SR, Landmann RG,
Merchea A, Colibaseanu DT et al. Does obesity impact
postoperative outcomes following robotic-assisted surgery
for rectal cancer? Surg Endosc 2018; 32: 4886–4892.

34 Park JW, Lim SW, Choi HS, Jeong S-Y, Oh JH, Lim S-B.
The impact of obesity on outcomes of laparoscopic surgery

© 2020 The Authors. www.bjsopen.com BJS Open 2020; 4: 1042–1053
BJS Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

http://handbook-5-1.cochrane.org/
http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight


1052 Y. Suwa, M. Joshi, L. Poynter, I. Endo, H. Ashrafian and A. Darzi

for colorectal cancer in Asians. Surg Endosc 2010; 24:
1679–1685.

35 Xia X, Huang C, Jiang T, Cen G, Cao J, Huang K, Qiu Z. Is
laparoscopic colorectal cancer surgery associated with an
increased risk in obese patients? A retrospective study from
China. World J Surg Oncol 2014; 12: 184.

36 Bège T, Lelong B, Francon D, Turrini O, Guiramand J,
Delpero J-R. Impact of obesity on short-term results of
laparoscopic rectal cancer resection. Surg Endosc 2009; 23:
1460–1464.

37 Makino T, Trencheva K, Shukla PJ, Rubino F, Zhuo C,
Pavoor RS et al. The influence of obesity on short- and
long-term outcomes after laparoscopic surgery for colon
cancer: a case-matched study of 152 patients. Surgery 2014;
156: 661–668.

38 Poulsen M, Ovesen H. Is laparoscopic colorectal cancer
surgery in obese patients associated with an increased risk?
Short-term results from a single center study of 425 patients.
J Gastrointest Surg 2012; 16: 1554–1558.

39 van der Pas MHGM, Haglind E, Cuesta MA, Fürst A, Lacy
AM, Hop WCJ et al.; COlorectal cancer Laparoscopic or
Open Resection II (COLOR II) Study Group. Laparoscopic
versus open surgery for rectal cancer (COLOR II):
short-term outcomes of a randomised, phase 3 trial. Lancet
Oncol 2013; 14: 210–218.

40 Guillou PJ, Quirke P, Thorpe H, Walker J, Jayne DG, Smith
AM et al.; MRC CLASICC trial group. Short-term
endpoints of conventional versus laparoscopic-assisted
surgery in patients with colorectal cancer (MRC CLASICC
trial): multicentre, randomised controlled trial. Lancet 2005;
365: 1718–1726.

41 Clinical Outcomes of Surgical Therapy Study Group;
Nelson H, Sargent DJ, Wieand HS, Fleshman J, Anvari M,
Stryker SJ et al. A comparison of laparoscopically assisted and
open colectomy for colon cancer. N Engl J Med 2004; 350:
2050–2059.

42 Stevenson ARL, Solomon MJ, Lumley JW, Hewett P,
Clouston AD, Gebski VJ et al. Effect of laparoscopic-assisted
resection vs open resection on pathological outcomes in
rectal cancer: the ALaCaRT randomized clinical trial. JAMA
2015; 314: 1356–1363.

43 Fleshman J, Branda M, Sargent DJ, Boller AM, George V,
Abbas M et al. Effect of laparoscopic-assisted resection vs
open resection of stage II or III rectal cancer on pathologic
outcomes: the ACOSOG Z6051 randomized clinical trial.
JAMA 2015; 314: 1346–1355.

44 Bonjer HJ, Deijen CL, Abis GA, Cuesta MA, van der Pas
MHGM, de Lange-de Klerk ESM et al. A randomized trial
of laparoscopic versus open surgery for rectal cancer. N Engl
J Med 2015; 372: 1324–1332.

45 Makino T, Shukla PJ, Rubino F, Milsom JW. The impact of
obesity on perioperative outcomes after laparoscopic
colorectal resection. Ann Surg 2012; 255: 228–236.

46 Sivathondan PC, Jayne DG. The role of robotics in
colorectal surgery. Ann R Coll Surg Engl 2018; 100(Suppl 7):
42–53.

47 Bhama AR, Wafa AM, Ferraro J, Collins SD, Mullard AJ,
Vandewarker JF et al. Comparison of risk factors for
unplanned conversion from laparoscopic and robotic to open
colorectal surgery using the Michigan Surgical Quality
Collaborative (MSQC) database. J Gastrointest Surg 2016;
20: 1223–1230.

48 Pikarsky AJ, Saida Y, Yamaguchi T, Martinez S,
Chen W, Weiss EG et al. Is obesity a high-risk factor for
laparoscopic colorectal surgery? Surg Endosc 2002; 16:
855–858.

49 Watanabe J, Tatsumi K, Ota M, Suwa Y, Suzuki S,
Watanabe A et al. The impact of visceral obesity on surgical
outcomes of laparoscopic surgery for colon cancer. Int
J Colorectal Dis 2014; 29: 343–351.

50 Akiyoshi T, Ueno M, Fukunaga Y, Nagayama S, Fujimoto Y,
Konishi T et al. Effect of body mass index on short-term
outcomes of patients undergoing laparoscopic resection for
colorectal cancer: a single institution experience in Japan.
Surg Laparosc Endosc Percutan Tech 2011; 21: 409–414.

51 Wahl TS, Patel FC, Goss LE, Chu DI, Grams J, Morris MS.
The obese colorectal surgery patient: surgical site infection
and outcomes. Dis Colon Rectum 2018; 61: 938–945.

52 Singh A, Muthukumarasamy G, Pawa N, Riaz AA,
Hendricks JB, Motson RW. Laparoscopic colorectal cancer
surgery in obese patients. Colorectal Dis 2011; 13: 878–883.

53 Benoist S, Panis Y, Alves A, Valleur P. Impact of obesity on
surgical outcomes after colorectal resection. Am J Surg 2000;
179: 275–281.

54 Lin X, Li J, Chen W, Wei F, Ying M, Wei W et al. Diabetes
and risk of anastomotic leakage after gastrointestinal surgery.
J Surg Res 2015; 196: 294–301.

55 Aziz O, Albeyati A, Derias M, Varsani N, Ashrafian H,
Athanasiou T et al. Anastomotic leaks can be detected within
5 days following ileorectal anastomosis: a case-controlled
study in patients with familial adenomatous polyposis.
Colorectal Dis 2017; 19: 251–259.

56 Senagore AJ, Delaney CP, Madboulay K, Brady KM, Fazio
VW. Laparoscopic colectomy in obese and nonobese
patients. J Gastrointest Surg 2003; 7: 558–561.

57 Yamamoto S, Fujita S, Akasu T, Inada R, Moriya Y,
Yamamoto S. Risk factors for anastomotic leakage after
laparoscopic surgery for rectal cancer using a stapling
technique. Surg Laparosc Endosc Percutan Tech 2012; 22:
239–243.

58 Corcione F, Esposito C, Cuccurullo D, Settembre A,
Miranda N, Amato F et al. Advantages and limits of
robot-assisted laparoscopic surgery: preliminary experience.
Surg Endosc 2005; 19: 117–119.

59 Delaney CP, Lynch AC, Senagore AJ, Fazio VW.
Comparison of robotically performed and traditional
laparoscopic colorectal surgery. Dis Colon Rectum 2003; 46:
1633–1639.

60 Collinson FJ, Jayne DG, Pigazzi A, Tsang C, Barrie JM,
Edlin R et al. An international, multicentre, prospective,
randomised, controlled, unblinded, parallel-group trial of
robotic-assisted versus standard laparoscopic surgery for the

© 2020 The Authors. www.bjsopen.com BJS Open 2020; 4: 1042–1053
BJS Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd



Obese patients and robotic colorectal surgery 1053

curative treatment of rectal cancer. Int J Colorectal Dis 2012;
27: 233–241.

61 Nagtegaal ID, Quirke P. What is the role for the
circumferential margin in the modern treatment of rectal
cancer? J Clin Oncol 2008; 26: 303–312.

62 Birbeck KF, Macklin CP, Tiffin NJ, Parsons W, Dixon MF,
Mapstone NP et al. Rates of circumferential resection margin
involvement vary between surgeons and predict outcomes in
rectal cancer surgery. Ann Surg 2002; 235: 449–457.

63 Martinez-Perez A, Carra MC, Brunetti F, de’Angelis N.
Pathologic outcomes of laparoscopic vs open mesorectal
excision for rectal cancer: a systematic review and
meta-analysis. JAMA Surg 2017; 152: e165665.

64 Creavin B, Kelly ME, Ryan E, Winter DC. Meta-analysis
of the impact of surgical approach on the grade of
mesorectal excision in rectal cancer. Br J Surg 2017; 104:
1609–1619.

65 Rutkowski A, Nowacki MP, Chwalinski M, Oledzki J,
Bednarczyk M, Liszka-Dalecki P et al. Acceptance of a 5-mm
distal bowel resection margin for rectal cancer: is it safe?
Colorectal Dis 2012; 14: 71–78.

66 Xingmao Z, Hongying W, Zhixiang Z, Zheng W.
Analysis on the correlation between number of
lymph nodes examined and prognosis in patients
with stage II colorectal cancer. Med Oncol 2013;
30: 371.

Supporting information

Additional supporting information can be found online in the Supporting Information section at the end of the
article.

© 2020 The Authors. www.bjsopen.com BJS Open 2020; 4: 1042–1053
BJS Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd




