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Robotic Surgery for Rectal Cancer Provides Advantageous
Outcomes Over Laparoscopic Approach

Results From a Large Retrospective Cohort

Jacopo Crippa, MD,� Fabian Grass, MD,� Eric J. Dozois, MD,� Kellie L. Mathis, MD,� Amit Merchea, MD,y
Dorin T. Colibaseanu, MD,y Scott R. Kelley, MD,� and David W. Larson, MD, MBA�Y

Objective: To compare short term outcomes of patients undergoing laparo-

scopic or robotic rectal cancer surgery.

Background: Significant benefits of robotic rectal cancer surgery over

laparoscopy have yet to be demonstrated. Operative time and direct institu-

tional cost seem in favor of the laparoscopic approach.

Methods: We performed a retrospective review of consecutive patients

operated on for rectal cancer with a mini-invasive approach at Mayo Clinic

from 2005 to 2018. The primary aim of this study was to investigate the

difference in postoperative morbidity between the laparoscopic and robotic

approach. Multivariable models for odds to complications and prolonged (�6

days) length of stay were built.

Results: A total of 600 patients were included in the analysis. The number of

patients undergoing robotic surgery was 317 (52.8%). The 2 groups were

similar in respect to age, sex, and body mass index. Laparoscopic surgery was

correlated to shorter operative time (214 vs 324 minutes; P < 0.001). Patients

undergoing robotic surgery had a lower overall complications rate (37.2% vs

51.2%; P< 0.001). Robotic surgery was found to be the most protective factor

[odds ratio (OR) 0.485; P ¼ 0.006] for odds to complications. The event of a

complication (OR 9.33; P < 0.001) and conversion to open surgery (OR

3.095; P ¼ 0.002) were identified as risk factors for prolonged length of stay

whereas robotic surgery (OR 0.62; P ¼ 0.027) was the only independent

protective factor.

Conclusions: Robotic rectal cancer surgery is strongly associated with better

short-term outcomes over laparoscopic surgery.

Keywords: complications, laparoscopic surgery, rectal cancer, rectal surgery,

robotic surgery, surgical outcomes

(Ann Surg 2021;274:e1218–e1222)

T he multidisciplinary treatment for rectal cancer is a field of
continuous innovation. Despite recent progress in perioperative

management, radical resection still represents the only chance for
definitive cure.1 Achieving optimal surgical and oncological quality
is nonetheless challenging. Although a total mesorectal excision
(TME) yielding negative circumferential margins is key to optimal
local control, surgery can result in devastating consequences,2

affecting both short- and long-term functional outcomes.3–5 Quality
of life and minimization of risk and adverse events is at the core of
patient-centered decision making for the treatment of rectal cancer.6

New surgical technologies aim to overcome the challenge of
the narrow pelvic space and technically demanding dissection typical
of pelvic cancer surgery. Laparoscopic technique has been described
as noninferior to open rectal cancer surgery for short-term outcomes
within European trials,7 and these findings were later supported by
similar oncological outcomes in an American based trial.8 However,
significant benefits of robotic rectal cancer surgery over laparoscopy
have yet to be demonstrated. In fact, previous trials have failed to
reveal a clear advantage of the robotic technique; moreover, opera-
tive time and direct institutional costs seem to support a laparoscopic
approach.9 Nevertheless, quality of data is a current limitation with
the majority deriving from small cohorts.10 Recent results from a
large randomized controlled trial (RCT) were powered to address
conversion rather than postoperative outcomes and may have been
influenced by surgeons’ learning curve.11 Therefore, further reliable
data is needed to minimize nonsignificant results that could lead to
misinterpretations.12

The aim of the present study is to compare 30-day outcomes of
a large cohort of patients undergoing laparoscopic or robotic rectal
cancer surgery at a tertiary cancer center.

METHODS

The Institutional Review Board approved this retrospective
analysis of a prospectively maintained database of consecutive
patients operated on for rectal cancer from February 2005 to
April 2018 at Mayo Clinic, Rochester, Minnesota and Mayo Clinic,
Jacksonville, Florida. Inclusion criteria were elective curative-intent
surgery for rectal adenocarcinoma, minimally-invasive approach,
and age older than 18 years. Exclusion criteria were stage IV or
recurrent disease, lack of research authorization, and emergency
surgery. All operations were performed by 10 institutional board-
certified colorectal surgeons. Pertinent variables of interest were
demographics, tumor characteristics, specifics on oncological treat-
ment, robotic or laparoscopic approach, and postoperative outcomes.

The primary aim of this study was to investigate the difference
in postoperative morbidity between the laparoscopic and robotic
approach.

Outcomes of interest were length of stay (LOS), 30-day
readmission rate, need for transfusion, postoperative ileus, wound
infection, anastomotic leak, and overall complication rate. Anasto-
motic leak was defined according to the classification proposed by
the International Study Group of Rectal Cancer and assessed for
patients undergoing restorative surgery.13 Postoperative ileus was
defined as postoperative prolonged (>3 days) nil per os or need of
naso-gastric tube insertion.

Overall complications included both surgical and nonsurgical.
Surgical complications included ileus, anastomotic leak, postopera-
tive need for blood transfusion, and wound infection. Nonsurgical
complications included cardiovascular and pulmonary complica-
tions, urinary tract infections and acute kidney injury. Postoperative
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anemia was defined as hemoglobin level <13 g/dL for men and
<12 g/dl for women.14 Blood transfusion is administered when
patients developed symptoms related to anemia or when hemoglobin
levels reached <7 g/dL (<10 g/dL in patients with a history of
cardiac disease). All complications were assessed in-hospital and
until 30 days postoperatively.

Further-analysis of patients requiring prolonged hospitaliza-
tion (LOS �6 days) was performed to investigate associated risk
factors. A cut-off of 6 days was chosen as it represents the 75th
percentile of LOS in our cohort.

Methodology for staging and preoperative evaluation is
described in a previous paper from our institution,15 and description
of robotic15 and laparoscopic16 techniques. A multimodal colorectal
enhanced recovery program (ERP) was established in our institution
as standard perioperative care protocol starting from 2010.17 The first
robotic procedure was performed in 2007 whereas a structured
colorectal robotic program began in 2010. Four surgeons switched
to robotics for their entire minimally-invasive practice because the
implementation of the robotic platform, 3 surgeons were hired during
the study period and performed exclusively robotic whereas others
did not change from laparoscopy to robotics (n ¼ 3).

Statistical Analysis
Continuous variables were described as mean (standard devi-

ation) or median (interquartile range-range) as appropriate; categor-
ical variables as frequencies and percentage. Significant differences
between the 2 groups were tested by x2 or Fischer exact test for
categorical variables and Student t test for continuous variables.

Univariate analysis for odds to any complication and LOS �6
days was performed by logistic regression for every confounder from
our database; a multivariable model was built considering significant
(P< 0.05) variables from the univariate regression; results are shown
as odds ratio (OR) [95% confidence interval]. All tests were 2-sided,
a P-value <0.05 was considered statistically significant. Analysis

was performed using JMPPro (Version 13.0, SAS Institute, Cary,
NC).

RESULTS

Of the 600 included patients, 317 (52.8%) underwent robotic
surgery and 283 were (47.2%) treated laparoscopically.

Table 1 reports demographics and specifics on tumor stage,
oncological and surgical treatment. The 2 groups were similar in
respect to age, sex, and body mass index. The robotic group
comprised a larger percentage of stage III patients (63.5% vs
50.2%; P ¼ 0.001) and a higher rate of patients undergoing neo-
adjuvant therapy (68.8% vs 44.9%; P < 0.001). ERP was the
standard perioperative protocol for most patients of the robotic
but not the laparoscopic group (84.5% vs 18.4%; P< 0.001). Patients
treated laparoscopically underwent restorative surgery more fre-
quently (78.8% vs 66.6%; P < 0.001) than those treated robotically,
and had a shorter operative time (214.6 vs 324.1 minutes; P< 0.001).

Table 2 reports postoperative outcomes. Patients undergoing
robotic surgery had a lower overall complications rate (37.2% vs
51.2%; P < 0.001) and lower transfusion requirements (1.9% vs
7.8%; P < 0.001). The 2 groups had similar readmission, ileus, and
anastomotic leak rate. Median LOS (3 vs 5 days; P < 0.001), and
prolonged LOS (21.45% vs 43.11%; P < 0.001) were in favor of the
robotic group.

Logistic Regression Analysis
Univariate analysis for odds to any complication revealed

multiple items to be significant predictors. Male sex, obesity, type of
procedure, age, operative time, surgical approach, and ERP were
retained as significant in the multivariable model. Robotic surgery
was found to be the most protective factor (OR 0.485; P¼ 0.006) for
odds to complications (Table 3).

Univariate analysis for odds to LOS �6 days (Table 4) had 8
significant variables that were included in the multivariable model.

TABLE 1. Demographics and Treatment

Robotic (317) Laparoscopic (283) Total (600) P-value

Age 0.795
Median (IQR) 58 (50–68) 59 (50–69) 59 (50–68.2)
Sex (male) 210 (66.25%) 193 (68.2%) 403 (67.2%) 0.611
BMI 0.881

Mean (SD) 27.6 (5.3) 27.6 (5.0) 27.6 (5.2)
ERP 268 (84.5%) 52 (18.4%) 320 (53.3%) <0.001
ASA 0.031

1 5 (1.6%) 16 (5.65%) 21 (3.5%)
2 213 (67.2%) 190 (67.1%) 403 (67.2%)
3 98 (30.9%) 75 (26.54%) 173 (28.8%)
4 1 (0.3%) 2 (0.7%) 3 (0.5%)

Treated Stage 0.002�

I 60 (18.9%) 86 (30.4%) 146 (24%)
II 58 (18.3%) 55 (19.4%) 113 (18.8%)
III 199 (62.8%) 142 (50.2%) 341 (57.1%)

Neoadjuvant therapy 218 (68.8%) 127 (44.9%) 345 (57.5%) <0.001
Prior abdominal surgery 97 (30.6%) 69 (24.4%) 166 (27.7%) 0.088
Procedure <0.001

LAR 211 (66.6%) 223 (78.8%) 434 (72.3%)
APR 106 (33.4%) 60 (21.2%) 166 (27.7%)

Operative time <0.001
Mean (SD) 324.1 (108.4) 214.6 (71) 272 (107.5)

Conversion 16 (5.05%) 39 (13.8%) 55 (9.2%) <0.001
Positive CRM 1 (0.3%) 4 (1.3%) 5 (0.83%) 0.379

APR indicates abdominoperineal resection; ASA, American Society of Anesthesiologists Classification; BMI, body mass index; CRM, circumferential radial margin; ERP,
enhanced recovery pathway; IQR, interquartile range; LAR, low anterior resection; SD, standard deviation.
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The event of a complication (OR 9.33; P < 0.001) and conversion to
open surgery (OR 3.095; P ¼ 0.002) were identified as risk factors
for prolonged LOS whereas robotic surgery (OR 0.62 P¼ 0.027) was
the only independent protective factor.

DISCUSSION

The present investigation on short term outcomes of a large
cohort of patients undergoing robotic and laparoscopic surgery for
rectal cancer at a tertiary cancer center suggests that robotic surgery
was advantageous over laparoscopic surgery in terms of postopera-
tive morbidity and length of hospital stay. Patients undergoing
robotic surgery were 51% and 38% less likely to experience a
complication or a hospitalization �6 days, respectively, compared
to laparoscopic surgery.

Prete et al recently published a meta-analysis of 5 RCTs
involving 671 patients on robotic surgery for rectal cancer compared
to the laparoscopic approach.18 They found robotic surgery to be
associated with a lower conversion rate and longer operative time,
whereas overall short-term morbidity was equal between the 2
groups. Our study of 600 minimally invasive procedures found
similar results for conversion rate and operative time. Furthermore,
a strong association between robotic surgery and decreased

postoperative morbidity was observed. The majority of the RCTs
included in the meta-analysis reports on small sample size and may;
therefore, lack in power. This reflects the difficulties of planning and
performing a RCT on robotic surgery. Reasons for this could be high
costs, lack of multicenter collaboration, and heterogeneous surgeons’
experience. Large retrospective cohorts like ours, could be helpful to
provide reliable data and overcome these limitations.

In 2016, Sun et al published a meta-analysis of 592 cases
(324 robotic/268 laparoscopic),19 reporting a weak association
between lower complication rate and robotic rectal surgery. In our
series, robotic surgery was the most significant protective factor for
the event of complication and the only protective factor against
prolonged LOS.

To date, this is the largest published retrospective series of
patients undergoing minimally invasive rectal cancer surgery com-
paring outcomes of a robotic versus laparoscopic approach. Numer-
ous smaller case-series have been previously published to investigate
the superiority of either technique, but results are frequently incon-
clusive.19 Nevertheless, multiple attempts at systematic reviews and
meta-analyses have been made, and yet results remain uncertain.10

Of note, nowadays MIS accounts for the majority of the rectal cancer
cases performed at our institution in the elective setting as only 20%

TABLE 2. Postoperative Outcomes

Robotic (317) Laparoscopic (283) Total (600) P-value

LOS <0.001
Median (IQR) 3 (3–5) 5 (4–7) 4 (3–6)
LOS �6 d 68 (21.45%) 122 (43.11%) 190 (31.7%) <0.001
Readmission 43 (13.6%) 30 (10.6%) 73 (12.2%) 0.266
Overall complication 118 (37.2%) 145 (51.2%) 263 (43.8%) <0.001
Anemia 13 (4.1%) 28 (9.9%) 41 (6.8%) <0.005
Transfusion 6 (1.9%) 22 (7.8%) 28 (4.7%) <0.001
Ileus 50 (15.8%) 51 (18.0%) 101 (16.8%) 0.463
Leak� 23 (10.9%) 14 (8.9%) 37 (8.5%) 0.238
Superficial wound infection 20 (6.3%) 15 (5.3%) 35 (5.83%) 0.598
Cardiopulmonary complications 16 (5.05%) 20 (7.07%) 36 (6%) 0.299
UTI 5 (1.6%) 14 (4.95%) 19 (3.2%) 0.020
Acute kidney injury 6 (1.89%) 8 (2.83%) 14 (2.33%) 0.449
Adjuvant therapy 179 (57.2%) 149 (52.65%) 328 (55.0%) 0.266
Death <30 d 1 (0.3%) 1 (0.3%) 2 (0.3%) 0.936

�Assessed for patients undergoing restorative surgery.
IQR indicates interquartile range; LOS, length of stay; UTI, urinary tract infection.

TABLE 3. Multivariable Model for Odds to Any Complication

Logistic Regression for Odds to Any Complication Univariate OR (CI 95%) P-value Multivariable OR (CI 95%) P-value

Sex (male vs female) 1.9 (1.33–2.71) <0.001� 1.58 (1.08–2.32) 0.019�

BMI (�30 vs <30 kg/m2) 1.75 (1.21–2.53) 0.002� 1.51 (1.01–2.25) 0.044�

Procedure (LAR vs APR) 0.64 (0.45–0.92) <0.015� 0.6 (0.4–0.9) 0.014�

Type of surgery (robotic vs laparoscopic) 0.56 (0.40–0.78) <0.001� 0.485 (0.29–0.82) 0.006�

Age 1.03 (1.02–1.04) <0.001� 1.02 (1.001–1.04) 0.001�

Operative time 1.002 (1.0001–1.003) 0.029� 1.004 (1.002–1.006) <0.001�

ERP (yes vs no) 0.45 (0.32–0.62) <0.001� 0.53 (0.33–0.84) 0.007�

ASA (reference I-II)
III-IV 2.04 (1.43–2.91) <0.001� 1.37 (0.92–2.05) 0.124

Conversion (yes vs no) 1.89 (1.08–3.32) 0.026� 1.16 (0.63–2.13) 0.641
Treated stage (reference I)

II 1.04 (0.63–1.71) 0.228
III 1.12 (0.75–1.66) 0.139

Neoadjuvant therapy 1.08 (0.78–1.5) 0.644

APR indicates abdominoperineal resection; ASA, American Society of Anesthesiologists Classification; BMI, body mass index; CI, confidence Interval; ERP, enhanced recovery
pathway; LAR, low anterior resection; OR, odds ratio.

�Statistically significant.
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of our patients undergo open surgery. Our report from a cancer center
with long-standing experience in MIS may contribute further evi-
dence in this highly debated field.

Surgical innovations should follow a systematic pathway to
validation.20 To date, the decision to choose a robotic approach for
rectal cancer surgery is still controversial, often driven by surgeons’
preference rather than evidence-based considerations. Safety and
feasibility have been frequently reported but analysis of postopera-
tive outcomes remains inconclusive.21,22 Analysis of costs often
refers to short time frames and this could mislead one to assume
that higher operative costs of robotics are not balanced by favorable
outcomes.23 Although intraoperative outcomes are frequently in
favor of robotic surgery,24,25 postoperative short term outcomes
are reported to be similar between the 2 approaches.

Robotic surgery was associated with prolonged operative time
in our series and this is consistent with previous evidence.19 In our
multivariable model of complications, longer operative time was
retained as a risk factor. Although robotic resection was associated
with a longer operative time compared to laparoscopy, prolonged
surgical time did barely impact the complication rate, given the
independent protective effect of robotic surgery. Analysis of specific
surgical complications revealed that both postoperative anemia and
need for transfusion were lower in the robotic group. This may be a
consequence of the precision of the technique through improved
vision and tremorless motion. However, this would need confirma-
tion by studies tailored to assess these specific outcomes. Median
LOS was lower for the robotic group. This could arguably be a
consequence of the higher proportion of ERP patients in the robotic
cohort. In fact, due to the long study period with inherent differences
in timing of patient enrollment due to surgical innovation and
improvements in perioperative care, ERP was the standard perioper-
ative protocol for most patients in the robotic but not for those in the
laparoscopic group. Repeatedly, ERP has been strongly associated
with improved short term outcomes such as shorter LOS and reduced
complication rate.26–29 Interestingly, our multivariable logistic
regression models for both complications and prolonged LOS includ-
ing ERP as a confounder suggest robotic surgery to have an inde-
pendent protective effect beyond enhanced recovery care.

Until now, robotic surgery has been associated mainly with a
lower conversion rate, although results from the largest RCT avail-
able on robotic rectal surgery failed to prove its superiority over
laparoscopy.30 Our findings of a strong association between the

robotic approach to rectal cancer and fewer postoperative compli-
cations adds substantially to the current literature in the field.

Limitations of our study include but are not limited to its
retrospective, nonrandomized nature. Despite analysis of a compre-
hensive list of potential confounders, the list is not exhaustive and
further factors, notably subjective surgeons’ preference for either
approach, may have affected the results. Therefore, there is an
inherent risk of selection bias and results must be interpreted
accordingly. However, the large sample size, consecutive inclusion
of all patients and the highly standardized surgical approach for
either technique may limit the risk of systematic error related to
sample selection. Furthermore, most surgeons adhered to an ‘‘all or
nothing’’ practice change to the robotic approach, limiting thus the
risk of true patient selection. Most laparoscopic cases were per-
formed before the introduction of the robotic program. Advances in
perioperative and oncological care in the highly specialized man-
agement of rectal cancer inevitably occurred over the long study
period. This inevitably leads to inherent bias related to the long
inclusion period. Thus, results need to be interpreted considering
limitations related to the retrospective, nonrandomized study design.

In conclusion, the present study demonstrated improved short
term outcomes of robotic surgery over laparoscopy in a large cohort
of patients undergoing rectal resection for cancer and opens new
perspective in the surgical approach to rectal cancer.
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