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Abstract

Background Advantages of robotic technique over laparoscopic technique in rectal tumor surgery have yet to be proven.
Large multicenter, register-based cohort studies within an optimized perioperative care protocol are lacking. The aim of this
retrospective cohort study was to compare short-term outcomes in robotic, laparoscopic and open rectal tumor resections,
while also determining compliance to the enhanced recovery after surgery (ERAS)®Society Guidelines.

Methods All patients scheduled for rectal tumor resection and consecutively recorded in the Swedish part of the international
ERAS® Interactive Audit System between January 1, 2010 to February 27, 2020, were included (N=3125). Primary out-
comes were postoperative complications and length of stay (LOS) and secondary outcomes compliance to the ERAS protocol,
conversion to open surgery, symptoms delaying discharge and reoperations. Uni- and multivariate comparisons were used.
Results Robotic surgery (N=2827) had a similar rate of postoperative complications (Clavien—-Dindo grades 1-5), 35.9%
compared to open surgery (N=1429) 40.9% (OR 1.15, 95% CI (0.93, 1.41)) and laparoscopic surgery (N=869) 31.2%
(OR 0.88, 95% CI (0.71, 1.08)). LOS was longer in the open group, median 9 days (IRR 1.35, 95% CI (1.27, 1.44)) and
laparoscopic group, 7 days (IRR 1.14, 95% CI (1.07, 1.21)) compared to the robotic group, 6 days. Pre- and intraoperative
compliance to the ERAS protocol were similar between groups.

Conclusions In this multicenter cohort study, robotic surgery was associated with shorter LOS compared to both laparoscopic
and open surgery and had lower conversion rates vs laparoscopic surgery. The rate of complications was similar between
groups.

Keywords Robotic surgery - Rectal tumor - ERAS

During the last decades, immense technical developments
have been made in colorectal surgery. Previous studies
show that the laparoscopic technique improve short-term
outcomes in colorectal surgery compared to open technique
with comparable oncological outcome [1-4]. In rectal
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procedures, however, the narrow pelvis makes surgery dif-
ficult and advantages in favor of laparoscopy are less evident
[S].

The robotic platform may have advantages over lapa-
roscopic techniques in rectal surgery because of superior
three-dimensional view, more correct ergonomic position for
the surgeon and most likely a shorter learning curve com-
pared to the laparoscopic approach [6-9].

Although a few retrospective cohort studies indicate
improved short-term outcomes in favor of robotic rectal sur-
gery [10, 11], the majority of randomized controlled trials
(RCTs) have been underpowered and meta-analyses have not
been able to confirm these results [6, 8, 12, 13]. Since higher
costs have been reported for robotic surgery compared with
laparoscopic and open surgery [13, 14] comparative studies
with larger sample sizes that also reflect clinical reality are
necessary, in order to better justify its use.
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The international ERAS®Society Interactive Audit
System (EIAS) is a database [15] containing more than
80,000 consecutively recorded patients, each with more
than 300 recorded variables, including compliance meas-
ures to all perioperative interventions recommended by the
ERAS®Society Guidelines. EIAS is used for implemen-
tation of the ERAS®Society Guidelines and then used to
sustain these principles of care and represents a source for
comparing surgical techniques while also controlling for
other key care items that may impact clinical outcomes. All
patients recorded in the database are treated with aim of
using the same evidence-based protocol including 24 inter-
ventions, resulting in improved recovery, reduced morbidity
rates and shortened LOS after colorectal surgery [16-18].
The perioperative period and outcome from surgery can be
analyzed and compared in detail and be related to other vari-
ables that may impact the main clinical outcomes.

The current study aims to compare short-term outcome
in patients operated on with robotic, laparoscopic and open
rectal surgery, while controlling for compliance to the ERAS
protocol using data from the Swedish part of the interna-
tional EIAS database.

Materials and methods
Study design and setting

Out of 36 hospitals performing colon or rectal tumor sur-
gery in Sweden, 18 hospitals including five of the seven
university hospitals, are currently recording clinical data
in the Web-based International ERAS® Interactive Audit
System. All units aim to treat their patients according the
same perioperative ERAS protocol with 24 evidence-based
perioperative pre-, intra and postoperative interventions
[17]. Clinical data, including more than 300 variables on
protocol adherence and clinical outcomes are prospectively
and consecutively recorded in the system.

The Swedish part of the international database containing
more than 13,000 patients was validated in the end of 2019
according to coverage of patients, accuracy of data, and rate
of missing values (data not yet published). The first hospitals
have been recording patients in the database since 2010, with
increasingly more centers joining over the years. The most
recent joined in April 2017.

In the present retrospective cohort study, we aimed to
investigate potential differences in short-term outcome and
compliance to the ERAS protocol in patients with rectal
tumor (benign or malignant) operated with robotic, laparo-
scopic or open approach. All data from patients operated in
Sweden with either anterior resection (AR) or abdominoper-
ineal resection (APR) recorded between January 1, 2010 to
February 27, 2020 were collected from EIAS and analyzed.

This study was approved by the Regional Ethical Review
Board in Stockholm (2020-00,435) and performed in
accordance with the Declaration of Helsinki of the World
Medical Association (1989) and is reported according to the
criteria set out in the Strengthening the Reporting of Obser-
vational studies in Epidemiology (STROBE) checklist [19].

Participants

A total of 3125 patients, representing all recorded elective
patients in the Swedish part of the EIAS with benign or
malignant rectal tumor operated with robotic, laparoscopic
or open rectal AR or APR surgery, were included in the
study. A rectal tumor was defined as a lesion situated within
15 cm from anal verge, estimated by rigid rectoscopy. The
study cohort consists of all stages of rectal cancer. Patients
operated on with emergency surgery were not recorded in
the database, and hence not included in the study.

Data on basic characteristics, pre-, intra- and postopera-
tive compliance to ERAS interventions and outcome from
surgery were retrieved from the EIAS for all patients.

Outcome variables

Primary outcomes were 30-day complications, both surgical
and non-surgical (Clavien I-II, > III) [20] and LOS (post-
operative nights). Secondary outcomes: compliance to the
ERAS protocol for pre- and intraoperative elements [21],
conversions to open surgery, symptoms delaying discharge
(urinary retention, nausea or vomiting, obstipation or diar-
rhea, paralytic ileus and pain), reoperations (30-day) and
duration of surgery (hours).

Criteria for discharge was defined as no complications
requiring further hospitalization, return of bowel function
defined as passage of flatus or stool, > 6 h mobilization out
of bed and pain controlled with oral analgesics. Operat-
ing time included all preparations for the minimal invasive
approaches as well as docking the robot. Conversion to open
surgery means that the operation is changed from using min-
imally invasive techniques and instrumentation to a classic
open operation. In addition, there were no laparoscopically
assisted operations in this study, only conversions to open
surgery.

Exposure variables

Exposure variable was surgical approach. The robotic group
(reference group) was compared to the laparoscopic and
open group regarding basic characteristics, intraoperative
variables, compliance to the ERAS protocol and outcome
from surgery. All patients were analyzed according to inten-
tion to treat.
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Potential confounders

Adjustment variables were gender (male or female), age
(26-50 years, 51-75 years and 76—100 years), body mass
index (BMI, underweight 15 to < 18.5, normal weight 18.5
to <25, overweight 25 to < 30, obese > 30), American Soci-
ety of Anesthesiologists (ASA, class 1, 2 and > 3) physi-
cal status classification, surgical procedure (AR or APR),
year of surgery (2010-2015 and 2016-2020), alcohol abuse
(yes, no or stopped due to surgery), pre- and intraoperative
compliance rate, and other six binary variables (yes or no),
including additional surgical procedure, previous surgery
to the abdomen, preoperative chemotherapy, preoperative
radiotherapy, severe pulmonary disease and cancer.

Data analysis

A power analysis was made on primary outcome (LOS) on
an estimated detectable difference of mean two days in favor
of robotic compared to laparoscopic rectal surgery [11].
With 80% power at a two-sided alpha of 0.05, the number
of patients was estimated to 38 in each group (calculated on
a two-group comparison).

To test if the three surgical approaches (robotic surgery
was the reference group) differed in basic characteristics
(Table 1), pre- and intraoperative compliance (Table 2),
postoperative compliance (Table 3), and symptoms delay-
ing discharge, univariate regressions were performed (logis-
tic regression, ordinal logistic regression, linear regression,
and non-parametric Kruskal-Wallis test for binary variables,
ordinal variables, continuous variables with the normal
distribution, and continuous variables without the normal
distribution, respectively). Normal distribution was tested
using Shapiro—Francia test. No evidence of violation of the
proportional odds assumption was found using Brant test.
Compliance data were calculated as the numbers of achieved
interventions divided with the total number of pre- and
postoperative interventions excluding any non-applicable
interventions. The postoperative ERAS items of the ERAS
protocol were not included in the analysis of adherence since
they also could be regarded as outcome variables.

Multivariate analyses were further performed to test
the association between short-term outcomes and surgical
approach with adjustment for confounders (zero-truncated
negative binomial regression for length of stay, logistic
regression for complication, symptoms delaying discharge,
reoperation and conversion to open surgery, while linear
regression for duration of operation). Conversions from
laparoscopic/robotic surgery to open surgery were ana-
lyzed on intention-to-treat basis. Box-cox transformation
toward a normal distribution was performed for duration
of surgery (power=0.5) before regression. The variables
included in the multivariable analyses had 0.1% — 35.1%
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missing information. This was handled via multiple imputa-
tion using iterative chained equations. Thirty-six imputations
were created to match the percentage of missing data [22].

Continuous variables were presented as mean with stand-
ard deviation (SD) or median (interquartile range) when
appropriate. Categorical variables were presented as fre-
quencies and percentage.

A p value <0.05 or 95% confidence interval (CI) not
including 1 was considered statistically significant. Stata
version 16.0 (StataCorp, College Station, Texas, United
States of America) was used for statistical analysis.

Results
Surgical approach

Out of altogether 3125 patients included in the study,
827 (26.5%) had robotic rectal surgery, 869 (27.8%) were
treated laparoscopically and 1429 (45.7%) had open surgery,
Table 1.

Time and distribution of procedures

In Fig. 1, the proportion of surgical approaches are shown in
relation to time. During the early years in the study period,
no robotic, but a high rate of open surgery procedures
were performed. Toward the end of the time period, this
proportion had been reversed. The proportion of different
approaches stratified by hospitals was unevenly distributed,
partly due to the fact that some hospitals lack the robotic
platform (data not shown).

Basic characteristics

Basic characteristics stratified by surgical approach are
demonstrated in Table 1. The open surgery group had a
small, but significantly higher proportion of cancer patients
compared to the robotic group (97.4% vs 95.4%, p=0.012).
Fewer APRs were conducted in the robotic group vs open
surgery group (36.3% vs 40.6%, p=0.043). Additional
procedures were more often performed in the open group
(11.1% vs 5.4%, p <0.001) compared to robotic group. The
proportion of patients who had previous surgery to the abdo-
men was larger in the open group compared to robotic group
(27.0% vs 22.7%, p=0.020). Both preoperative chemother-
apy and radiotherapy were more common in robotic surgery
compared to laparoscopic surgery (15.0% vs 4.5%, p <0.001
and 53.9% vs 45.6%, p <0.001). Preoperative radiotherapy
was more common in open surgery compared to the robotic
group (58.2% vs 53.9%, p=0.036).

Placement of a diverting ileostomy did not differ between
groups, Table 1.
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Table 1 Basic characteristics stratified by surgical approach

Surgical approach

Group comparison®

Open (N=1429) Laparoscopic Robotic (N=827) Open vs. robotic ~ Laparoscopic vs.
(N=869) p value robotic p value
Sex 0.242 0.722
Male 867 (60.7) 498 (57.3) 481 (58.2)
Female 562 (39.3) 371 (42.7 346 (41.8)
Missing 0(0) 0(0) 0(0)
Age group 0.329 0.132
20-50 92 (6.4) 57 (6.6) 61 (7.4)
51-75 942 (65.9) 557 (64.1) 550 (66.5)
76-100 394 (27.6) 254 (29.2) 216 (26.1)
Missing 1(0.1) 1(0.1) 0(0)
Cancer 0.012 0.384
No 37 (2.6) 48 (5.5) 38 (4.6)
Yes 1392 (97.4) 821 (94.5) 789 (95.4)
Missing 0(0) 0(0) 00
Procedure type 0.043 0.648
Anterior resection 849 (59.4) 563 (64.8) 527 (63.7)
Rectum amputation 580 (40.6) 306 (35.2) 300 (36.3)
Missing 0 (0) 0(0) 00
Additional procedures <0.001 0.255
No 625 (43.7) 671 (77.2) 769 (93.0)
Yes 158 (11.1) 50 (5.8) 45 (5.4)
Missing 646 (45.2) 148 (17.0) 13 (1.6)
Smoking 0.080 0.682
No 1233 (86.3) 761 (87.6) 714 (86.3)
Stopped due to surgery 41 (2.9) 34(3.9) 21(2.5)
Yes 100 (7.0) 37 (4.3) 41 (5.0
Missing 55(3.8) 37 (4.2) 51(6.2)
Alcohol 0.007 0.003
No 684 (47.9) 551 (63.4) 563 (68.1)
Stopped due to surgery 10 (0.7) 81 (9.3) 21 (2.5)
Yes 40 (2.8) 30 (3.5) 49 (5.9)
Missing 695 (48.6) 207 (23.8) 194 (23.5)
Previous surgery to the abdomi- 0.020 0.370
nal region
No 1029 (72.0) 644 (74.1) 636 (76.9)
Yes 386 (27.0) 211 (24.3) 188 (22.7)
Missing 14 (1.0) 14 (1.6) 3(0.4)
Diabetes 0.569 0.704
No 1222 (85.5) 754 (86.8) 714 (86.3)
Yes 206 (14.4) 112 (12.9) 112 (13.5)
Missing 1(0.1) 3(0.3) 1(0.2)
BMI 0.408 0.573
Under weight 28 (2.0) 15 (1.7) 18 (2.2)
Normal weight 605 (42.3) 360 (41.5) 320 (38.7)
Obese 549 (38.4) 346 (39.8) 340 (41.1)
Over weight 233 (16.3) 135 (15.5) 129 (15.6)
Missing 14 (1.0) 13 (1.5) 20 (2.4)
ASA physical status® 0.584 <0.001
1 220 (15.4) 191 (22.0) 127 (15.4)
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Table 1 (continued)

Surgical approach

Group comparison®

Open (N=1429) Laparoscopic Robotic (N=2827) Open vs. robotic ~ Laparoscopic vs.
(N=869) p value robotic p value
2 787 (55.1) 509 (58.6) 498 (60.2)
3 392 (27.4) 155 (17.8) 186 (22.5)
4 19 (1.3) 3(0.4) 0(0.0)
5 1(0.1) 0(0.0) 0(0.0)
Missing 10 (0.7) 11(1.2) 16 (1.9)
Severe pulmonary disease 0.204 0.065
No 676 (47.3) 645 (74.2) 795 (96.1)
Yes 24 (1.7) 27 (3.1) 19 (2.3)
Missing 729 (51.0) 197 (22.7) 13 (1.6)
Preop chemotherapy 0.089 <0.001
No 1170 (81.9) 828 (95.3) 700 (84.6)
Yes 254 (17.8) 39 (4.5) 124 (15.0)
Missing 5(0.3) 2(0.2) 3(0.4)
Preop radiotherapy 0.036 0.001
No 591 (41.4) 470 (54.1) 381 (46.1)
Yes 832 (58.2) 396 (45.6) 446 (53.9)
Missing 6(0.4) 3(0.3) 0(0.0)
Diverting ileostomy 0.350 0.539
No 890 (62.3) 537 (61.8) 499 (60.3)
Yes 538 (37.6) 332 (38.2) 328 (39.7)
Missing 1(0.1) 0(0.0) 0(0.0)

Values in parenthesis are percentages if not stated otherwise

ASA American Society of Anesthesiologists physical status, BMI Body Mass Index

*Univariate regression, each variable listed in the table regressed on surgical approach. Robotic surgery was the reference group

For binary variables univariate logistic regression was performed. For ordinal variables univariate ordinal logistic regression was performed

"For ASA physical status, since there are cell sizes equal to zero, ASA class 3—5 were combined into one group

Compliance to the ERAS protocol

Pre- and intraoperative compliance are shown in Table 2.
Overall there were very small, but significant, differences in
pre- and intraoperative compliance when comparing robotic
to laparoscopic surgery (92.6% vs 93.8%, Cohen’s d=0.16,
p=0.001) respectively. Regarding postoperative compliance,
minimal invasive surgery showed better results than open
surgery in every aspect, and in time to pain control with oral
analgesics, robotic surgery was significantly better than both
laparoscopic and open surgery, Table 3.

Short-term outcome—duration of surgery,
conversion to open surgery, reoperations,
complications, symptoms delaying discharge
and LOS

The duration of surgery was shorter among patients oper-
ated with open surgery and slightly shorter in laparoscopic
surgery compared to robotic surgery, Table 4.
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Conversion to open surgery was more common in the
laparoscopic group (18.0%) compared to the robotic group
(8.3%), OR 2.58, 95% CI (1.85, 3.60). No significant dif-
ferences in the rate of reoperations between groups were
found, Table 4.

In univariate analysis, the proportion of patients with
any complication indicated a slight difference to the dis-
advantage for open surgery compared to laparoscopic and
robotic surgery (40.9% vs 31.2% and 35.9% respectively),
but after adjustment for confounding variables, no difference
was found between groups, Table 4. Detailed information
on complications are shown in Fig. 2. The proportion of
patients having any symptom delaying discharge was 22.1%,
20.7% and 28.3% in the robotic, laparoscopic and open
group respectively. After regression analysis the adjusted
risk of having symptom delaying discharge was higher in
the open group OR 1.62 (1.29, 2.04) but not significantly
lower OR 0.97 (0.76, 1.23) in the laparoscopic compared
to the robotic group. LOS was median 9 days, 7 days and
6 days in the open, laparoscopic and robotic respectively,
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Table 2 Pre- and intraoperative compliance stratified by surgical approach

Surgical approach

Group Comparison®

Open (N=1429) Laparoscopic (N=869) Robotic (N=827) Open vs.

Laparoscopic vs.

Robotic p Robotic p value
value

Preoperative compliance

Preadmission education given 0.016 0.438
Non-compliant 77 (5.4) 22 (2.5) 26 (3.2)
Compliant 1348 (94.3) 845 (97.2) 795 (96.1)
Missing 4(0.3) 2(0.3) 6(0.7)

Preop oral carbohydrate treatment 0.014 0.365
Non-compliant 85 (6.0) 39 4.5) 30 (3.6)
Compliant 1288 (90.1) 807 (92.9) 777 (94.0)
Missing 56 (3.9) 23 (2.6) 20 (2.4)

Oral bowel preparation 0.147 0.002
Non-compliant 126 (8.8) 29 (3.2) 50 (6.1)
Compliant 646 (45.2) 415 (47.8) 333 (40.3)
Missing 8 (0.6) 304) 10 (1.2)

Preop long-acting sedative medication <0.001 <0.001
Non-compliant 152 (10.6) 96 (11.0) 179 (21.6)
Compliant 1230 (86.1) 746 (85.9) 620 (75.0)
Missing 47 (3.3) 27 (3.1) 28 (3.4)

Antibiotic prophylaxis before incision 0.132 0.411
Non-compliant 16 (1.1) 7(0.8) 4(0.5)
Compliant 1411 (98.8) 857 (98.6) 821 (99.3)
Missing 2(0.1) 5(0.6) 2(0.2)

Thrombosis prophylaxis 0.469 0.036
Non-compliant 59 (4.1) 16 (1.8) 29 (3.5)
Compliant 1368 (95.7) 849 (97.7) 795 (96.1)
Missing 2(0.2) 4(0.5) 3(0.4)

PONV prophylaxis administered <0.001 0.268
Non-compliant 54 (3.8) 16 (1.8) 11 (1.3)
Compliant 530 (37.1) 345 (39.7) 369 (44.6)
Missing 7(0.5) 3(0.4) 4(0.5)

Intraoperative compliance

Infusion of vasoactive drugs 0.141 0.215
Non-compliant 327 (22.9) 198 (22.8) 174 (21.0)
Compliant 1033 (72.3) 632 (72.7) 643 (77.8)
Missing 69 (4.8) 39 4.5) 10 (1.2)

Upper-body forced-air heating cover used 0.068 <0.001
Non-compliant 18 (1.3) 50 (5.8) 19 (2.3)
Compliant 1378 (96.4) 800 (92.0) 793 (95.9)
Missing 33(2.3) 19 (2.2) 15 (1.8)

Total IV volume of fluids intraoperatively <0.001 0.890
Non-compliant 139 (9.7) 22 (2.5) 29 (3.5)
Compliant 1290 (90.3) 847 (97.5) 798 (96.5)
Missing 0 (0) 0 (0) 0 (0)

Preoperative compliance rate (%) 0.816 <0.001
N 1312 809 762
Mean (SD) 93.45 (10.00) 95.85 (8.59) 93.47 (9.44)
Missing 117 (8.2) 60 (6.9) 65 (7.9)

Intraoperative compliance rate (%) <0.001 0.039
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Table 2 (continued)

Surgical approach

Group Comparison®

Open (N=1429) Laparoscopic (N=869)

Robotic (N=827) Open vs. Laparoscopic vs.

Robotic p Robotic p value
value

N 1335 816 806

Mean (SD) 88.11 (16.98) 89.09 (18.52) 90.86 (16.30)

Missing 94 (6.6) 53(6.1) 21 (2.5)

Pre- and intraoperative compliance rate com- 0.162 0.001

bined (%)

N 1242 768 747

Mean(SD) 91.69 (8.62) 93.83 (8.27) 92.56 (7.64)

Missing 187 (13.1) 101 (11.6) 80 (9.7)

Values in parenthesis are percentages if not stated otherwise

#Univariate regression, each variable listed in the table regressed on surgical approach. Robotic surgery was the reference group

For all variables listed in the table except compliance rates, univariate logistic regression was performed. For intraoperative compliance rate, lin-
ear regression was performed since intraoperative compliance is normally distributed (p=0.095 for the Shapiro—Francia test). For preoperative
compliance rate, and pre- and intraoperative compliance rates combined, non-parametric Kruskal-Wallis test was performed since they are not

normally distributed (all p <0.001)

this significant difference remained after adjustment for con-
founding, Table 4. Sensitivity analysis excluding patients
with benign disease did not alter the results.

Discussion

In this study, the largest published cohort comparing short-
term outcome in patients undergoing robotic, laparoscopic
or open rectal surgery due to rectal tumor, robotic surgery
showed better results compared to laparoscopic surgery in
terms of rate of conversion to open surgery and LOS. No sig-
nificant differences were seen in overall complication rates,
reoperations or symptoms delaying discharge in multivariate
analysis. Although pre- and intraoperative compliance to the
ERAS protocol was high and similar between groups, almost
all postoperative enhanced recovery measures were worse in
open surgery compared to minimal invasive surgery.

Ever since the introduction of total mesorectal excision
(TME) in open rectal cancer surgery, further improvements
of outcome have been attempted with enhanced recovery
protocols and minimal invasive surgical techniques. Lap-
aroscopic colorectal surgery was introduced in the 1990s
[23], but it took a long time before short-term outcomes [1,
3] were proven better than open surgery. Although similar
oncological outcomes have been reported [1, 3, 24] in most
studies, the debate is still ongoing since two recent reports
indicate worse results in laparoscopy vs open rectal cancer
surgery using a pathologic composite score [25, 26].

In 2006, the first publication on robotic total mesorec-
tal excision (TME) for rectal cancer was published [27].
This caught large interest, since some of the potential
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disadvantages reported using traditional laparoscopy in pel-
vic surgery include poor vision in the narrow pelvic cavity,
limited dexterity, unstable instruments, poor ergonomic set
up and a proposed longer learning curve [5, 27]. Robotic
rectal surgery has since been widely introduced, to a great
extent because of its potential to overcome many of the
shortcomings of traditional laparoscopy in the pelvis using
3-dimensional vision, stable camera, endowristed instru-
ments and eliminated tremor [7, 8]. The rapid implemen-
tation has though not been matched by convincing results
in favor of robotic surgery. Although most studies so far
investigating and comparing outcomes from laparoscopic
and robotic rectal surgery are hampered by small sample
sizes, a recent metanalysis of five RCTs confirms previously
suggested data, i.e., robotic surgery is associated with longer
operating time and lower rate of conversions [6].

Data from the ROLARR trial however, to date the largest
RCT published comparing laparoscopic and robotic rectal
surgery, reported no differences in primary outcome — con-
version rate, or secondary outcomes [13]. A follow-up on
the ROLARR trial in 2018, adjusting for learning effects,
suggested that the equality of outcomes seen in this study
might have been influenced by the surgeons’ learning curve
[28]. Surgeons in the laparoscopic group were proposed to
be more experienced compared to surgeons in the robotic
group, thus favoring the laparoscopic group. Balancing this
notion are the reports that the learning curve for robotic sur-
gery have been reported to be shorter for robotic compared
to laparoscopy from several trials [9, 29].

Another intervention aiming to improve outcome from
colorectal surgery has been ERAS protocols designed to
reduce surgical stress. The ERAS protocol is proven to



Surgical Endoscopy (2022) 36:2006-2017

2013

Table 3 Postoperative compliance stratified by surgical approach

Surgical approach Group comparison®
Open (N=1429)  Laparoscopic (N=869) Robotic (N=827) Open vs. Laparoscopic vs.
Robotic p robotic p value
value
Total IV volume of fluids day O (mL) <0.001 0.087
N 1429 869 827
Mean (SD) 3859.07 (2047.22) 2548.26 (1494.55) 2606.11 (1385.25)
Missing 0(0) 0(0) 0(0)
Time to passage of flatus (days) <0.001 0.002
N 1209 723 705
Mean (SD) 2.04 (2.48) 1.44 (1.79) 1.60 (1.67)
Missing 220 (15.4) 146 (16.8) 122 (14.8)
First passage of stool (days) <0.001 0.003
N 1357 824 779
Mean (SD) 3.13 (3.65) 2.33 (3.61) 2.50 (2.84)
Missing 72 (5.0) 45(5.2) 48 (5.8)
Time to tolerating solid food (days) <0.001 <0.001
N 1273 728 753
Mean (SD) 4.09 (6.13) 2.81 (4.88) 2.88 (3.45)
Missing 156 (10.9) 141 (16.2) 74 (9.0)
Termination of urinary drainage (days) <0.001 <0.001
N 1151 703 713
Mean (SD) 6.38 (5.54) 4.63 (6.07) 4.55 (10.63)
Missing 278 (19.5) 166 (19.1) 114 (13.8)
Time to pain control with oral analgesics <0.001 <0.001
(days)
N 1356 775 799
Mean (SD) 5.23 (4.07) 3.58 (4.56) 2.85 (4.04)
Missing 73 (5.1) 94 (10.8) 28 (3.4)

Values in parenthesis are percentages if not stated otherwise

*For each variable listed in the table a non-parametric Kruskal-Wallis test was performed to test the surgical approach differences since they are
not normally distributed based on Shapiro—Francia test (all p<0.001). Robotic surgery was the reference group

improve complication rates, shorten LOS and improve
recovery [17] and recent studies also suggest that ERAS
protocols may have a beneficial effect on long-term out-
come [30, 31]. Although the use of evidence-based stand-
ardized perioperative interventions and careful measuring
of adherence to the protocol facilitates comparison of sur-
gical approaches, only a few studies comparing surgical
approach within an ERAS protocol have been conducted.
With the exception of the randomized controlled LAFA
study [32] comparing laparoscopic and open colorectal
surgery most studies are small single-center studies with-
out enough power to detect differences in important vari-
ables. Only two of those studies are comparing robotic and
laparoscopic rectal surgery [10, 11], both showing sig-
nificantly lower postoperative complication rates, shorter
LOS, lower conversion rates favoring robotic surgery.

In the current multicenter study, the difference in com-
pliance to ERAS pre- and intraoperative interventions was
small between groups, not only showing that ERAS inter-
ventions are feasible in all three surgical approaches, but
also that the comparison is made on similar perioperative
terms. Receiving a diverting ileostomy after rectal surgery
could potentially affect LOS, but no difference in proportion
of diverting stoma was shown between groups in the current
study. In measuring postoperative compliance, variables that
can also be considered as outcome variables important for
mobilizing the patient, all were better in robotic vs open
surgery. However, only two items, time to pain control and
termination of urinary drainage, were better after robotic
compared to laparoscopic surgery. On the other hand, results
favored laparoscopy regarding passage of flatus/stool and
time to tolerate solid food. Since there were no significant
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Fig. 1 Surgical approach stratified by time. From the year 2015, the
rate of open procedures decreased steadily. No robotic procedures
were performed before 2013 and the proportion was increasing with
time, c2(14) = 753.54, p < 0.001

difference in symptoms delaying discharge and overall com-
plications between robotic and laparoscopic surgery, time
to pain control and termination of urinary drainage are the
only variables measured that can explain the difference in
length of stay in favor for robotic surgery. It could be argued
that these two variables seem to be more important in pre-
dicting LOS than passage of stool and flatus and time to
tolerate solid food. Lower conversion rate to open surgery
in the robotic group most likely also contributed to shorter
LOS. In this context, the fact that overall length of stay in
the current study was rather long compared to a previous
comparison within an ERAS setting needs attention [11].
We also acknowledge that the time patients meet criteria for
discharge does not always match the time they actually leave
hospital. This could have multiple causes, e.g., waiting for
geriatric clinics to accept the patient, difficulties in handling
a new stoma, high stoma output, etc.

Although overall complications were similar between
groups in this study, the fact that open surgery had a lower
rate of anastomotic leaks in univariate analysis may be found
worrisome. However, techniques to detect leakage have
improved over time and since the majority of open proce-
dures were performed early in the study time period, this
may affect the results. In addition, registration of leaks in
EIAS most likely have improved over time. Also, increased
use of preoperative radiotherapy later in the study period

@ Springer

could have had an impact on leak rates. The lower conver-
sion rate in the robotic group in this study was in line with
previous publications and may be important since conver-
sion rate to open surgery can be a proxy for difficult surgery
[33] known to result in higher complication rates and worse
oncological outcome [1, 34, 35]. Data on conversion from
each individual hospital were too small given the low rate
of conversion to yield any meaningful additional informa-
tion. Although a significant difference in duration of surgery
to the disadvantage of robotic vs laparoscopic surgery, this
difference has to be considered as surprisingly small since
many of the robotic procedures were performed during an
early implementation phase of the technique. In the univar-
iate analysis, preoperative chemo- and radiotherapy were
more common in robotic surgery compared to laparoscopy,
perhaps indicating more severe disease or a shift in treat-
ment regimen. However, these variables were adjusted for
in multivariate analysis.

The strength of the current study is the large sample size
with prospectively and consecutively recorded data from
several hospitals in Sweden which may reflect the true clini-
cal reality to a larger extent compared to the study environ-
ment in many randomized studies. The ERAS protocol and
the control over compliance also provides information that
the same standardized perioperative care was given to all
groups of patients which makes a comparison of different
surgical techniques suitable since many perioperative vari-
ables always have an impact on the main clinical outcome
and are seldom measured in other studies.

There are also limitations in this study. First, this study
was not randomized. Using multivariate analysis to adjust
for confounding and to avoid bias is not always enough to
reach the level of gold standard. Second, we recognize that
the 10-year inclusion time was long, with a larger proportion
of laparoscopic and open operations in the beginning and
robotic operations in the end of the study period. Although
the results were adjusted for time in multivariate analysis
and compliance were similar between groups over time, it
may be difficult to fully correct for the fact that attitudes
among the staff toward the ERAS program and different kind
of technical advances may have changed over time result-
ing in better outcomes late in the study period. Third, many
different hospitals were included in the study and the type
of surgical approach were unequally distributed. Although
the Swedish colorectal cancer registry shows similar out-
come from surgery in different centers in Sweden, a pos-
sible impact on the results in the current study cannot be
excluded. Fourth, the fact that EIAS does not include cancer
stage is a drawback, since this variable, most likely, will
influence outcome regardless of surgical approach.

In conclusion, this large multicenter cohort study within
an ERAS setting showed overall better enhanced recovery
outcome in robotic vs open surgery and lower conversion
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Table 4 Short-term outcomes stratified by surgical approach and regression analysis for short-term outcomes

Surgical approach Univariate analysis Multivariate analysis
Open (N=1429) Laparo- Robotic (N=2827) Open vs Robot/ Lap vs Open vs Robot / Lap vs Robot
scopic Robot
(N=2869)
Complications at all N (%) 1.24 (1.04, 1.48) /0.82 1.15(0.93,1.41)/0.88 (0.71,
(0.67, 1.00) 1.08)
No 829 (58.0) 588 (67.7) 523 (63.2)
Yes 585 (40.9) 271 (31.2) 297 (35.9)
Missing 15 (1.1) 10 (1.1) 7(0.9)
Complications at all N (%)
No 829 (58.0) 588 (67.7) 523 (63.2)
Minor complications 181 (12.7) 111 (12.8) 163 (19.7)
Major complications 117 (8.2) 99 (11.4) 116 (14.0)
Missing 302 (21.1) 71 (8.1) 25 (3.1
Conversion to open surgery —/2.40(1.78, 3.25) —/2.58 (1.85, 3.60)
N (%)
No 1429 (100.0) 713 (82.1) 758 (91.7)
Yes 0(0) 156 (17.9) 69 (8.3)
Missing 0(0) 0(0) 00
Reoperation N (%) 1.07 (0.82, 1.39) / 0.95 1.01 (0.75, 1.37) / 0.99 (0.73,
(0.71, 1.28) 1.35)
No 1201 (84.1) 761 (87.6) 718 (86.8)
Yes 172 (12.0) 99 (11.4) 97 (11.7)
Missing 56 (3.9) 9(1.0) 12 (1.5)
Symptoms delaying discharge N (%) 1.39 (1.13,1.69) / 0.91 1.62 (1.29, 2.04) / 0.97 (0.76,
(0.72, 1.15) 1.23)
No 1021 (71.5) 689 (79.3) 642 (77.6)
Yes 405 (28.3) 480 (20.7) 183 (22.2)
Missing 3(0.2) 0(0) 2(0.2)
Total length of stay (days) 1.41(1.32,1.52)/1.12 1.35 (1.27, 1.44) / 1.14 (1.07,
(1.03,1.21) 1.21)
N 1407 855 823
Mean (SD) 10.93 (7.07) 8.60 (6.72) 7.82(6.58)
Median (interquartile 9 (6) 7(5) 6(5)
range)
Missing N (%) 22 (1.5) 14 (1.6) 4(0.5)
Duration of surgery (hours) —0.21(-0.24,-0.17)/-0.06  —0.21 (-0.24, —0.17) / —0.05
(-0.10,-0.03) (—0.08, —0.01)
N 1413 859 817
Mean (SD) 4.84 (1.79) 5.49 (1.83) 5.77(1.91)
Missing N (%) 16 (1.1) 10 (1.2) 10 (1.2)

Minor complications =Clavien—Dindo grade I-II. Major complications = Clavien—Dindo grade III-V. Odds ratio and 95% confidence interval
(CT) were reported for complications, conversion to open surgery, reoperation and symptoms delaying discharge. Incidence risk ratio and 95% CI
were reported for length of stay. Linear coefficient and 95% CI were reported for duration of surgery. Robotic surgery =reference category

rates compared to laparoscopic surgery. With the exception
of shorter LOS in the robotic group compared to the lapa-
roscopic group no other differences in short-term outcomes

were found. A combination of enhanced recovery programs
and minimal invasive surgery continues to be beneficial
for rectal cancer patients and merit further investigation to

stimulate improvement.
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Fig.2 Selected complications (%) stratified by surgical approach. *P
value less than 0.05 was considered being significant. In univariate
analysis, the rate of deep wound dehiscence (1.8% vs 0.4%), urinary
tract injury (1.7% vs 0.6%), pneumonia (4.0% vs 1.2%) and wound
infection (15.1% vs 8.0%) was significantly higher in open surgery
compared to robotic surgery. Anastomotic leaks however, had a sig-
nificantly lower rate (4.3% vs 7.1%). Except from a significantly
higher rate of postoperative bleeding in the laparoscopic group (1%
vs 0.1%) compared to the robotic group no other differences were
found. Further 14 complications were compared (not shown) without
significant difference between groups with the exception of a signifi-
cantly higher rate of cardiac arrythmia in the open compared with the
robotic group

Acknowledgements Collaborators: Representatives for all Swedish
ERAS centers contributing with patients registered in the international
ERAS database: Johan Carlander, MD, Department of Surgery, Vist-
manlands hospital, Visteras, Sweden. Dan Kornfeld, MD, Capio St
Gorans hospital, Stockholm, Sweden. Frida Olsson, Nurse Practitioner,
Department of Surgical Sciences, Uppsala University, Akademiska
Sjukhuset, Uppsala, Sweden. Malte Norstrom, MD, Department of
Surgery, Kungélv hospital, Sweden. Lars Johansen MD, Department
of Surgery, Skaraborg hospital, Skovde, Sweden. Sanna Laine, Nurse
specialist, Department of Surgery, Karlstad hospital, Karlstad, Sweden.
Markus Lindqvist, Nurse specialist, Department of Surgery, Norrland
University hospital, Umed, Sweden. Elin Holmstrand, Nurse specialist,
Department of Surgery, Skaraborg hospital, Lidkoping, Sweden. Tomas
Koczkas, MD, Department of surgery, Ostersund hospital. Johan Tran-
berg, MD, Ostra hospital / Sahlgrenska, Goteborg, Sweden. Emma
Nevo Ohlsson, Nurse Practitioner, Department of Surgery, Orebro
University and University hospital. Monika Egenvall, MD, Karolin-
ska Institutet, Department of Molecular Medicine and Surgery and
Division of Coloproctology, Center for Digestive Diseases, Karolinska
University Hospital, Sweden.

Funding Open access funding provided by Karolinska Institute. This
research was supported in part by grants from the Intuitive Foundation
and ERAS Society.

Declarations

Disclosures The first author, Daniel Asklid, the third author Yin Xu
and the last author Ulf O Gustafsson declare no conflict of interest or
financial ties to disclose. The second author Olle Ljungqvist is the
chairman and co-founder of the ERAS Society, he is the founder and
shareholder of Encare AB, a software company that develops the ERAS
Interactive Audit System.

@ Springer

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Guillou PJ, Quirke P, Thorpe H, Walker J, Jayne DG, Smith AM
et al (2005) Short-term endpoints of conventional versus laparo-
scopic-assisted surgery in patients with colorectal cancer (MRC
CLASICC trial): multicentre, randomised controlled trial. Lancet
365(9472):1718-1726

2. Jeong SY, Park JW, Nam BH, Kim S, Kang SB, Lim SB et al
(2014) Open versus laparoscopic surgery for mid-rectal or low-
rectal cancer after neoadjuvant chemoradiotherapy (COREAN
trial): survival outcomes of an open-label, non-inferiority, ran-
domised controlled trial. Lancet Oncol 15(7):767-774

3. van der Pas MH, Haglind E, Cuesta MA, Furst A, Lacy AM,
Hop WC et al (2013) Laparoscopic versus open surgery for rectal
cancer (COLOR II): short-term outcomes of a randomised, phase
3 trial. Lancet Oncol 14(3):210-218

4. Bonjer HJ, Deijen CL, Abis GA, Cuesta MA, van der Pas MH,
de Lange-de Klerk ES et al (2015) A randomized trial of lapa-
roscopic versus open surgery for rectal cancer. N Engl J] Med
372(14):1324-1332

5. Cadiere GB, Himpens J, Germay O, Izizaw R, Degueldre M,
Vandromme J et al (2001) Feasibility of robotic laparoscopic
surgery: 146 cases. World J Surg 25(11):1467-1477

6. Prete FP, Pezzolla A, Prete F, Testini M, Marzaioli R, Patriti
A et al (2018) Robotic versus laparoscopic minimally invasive
surgery for rectal cancer: a systematic review and meta-analysis
of randomized controlled trials. Ann Surg 267(6):1034-1046

7. Katsuno H, Hanai T, Masumori K, Koide Y, Ashida K, Mat-
suoka H et al (2020) Robotic surgery for rectal cancer: operative
technique and review of the literature. J Anus Rectum Colon
4(1):14-24

8. Hoshino N, Sakamoto T, Hida K, Sakai Y (2019) Robotic versus
laparoscopic surgery for rectal cancer: an overview of system-
atic reviews with quality assessment of current evidence. Surg
Today 49(7):556-570

9. Huang YM, Huang YJ, Wei PL (2017) Outcomes of robotic
versus laparoscopic surgery for mid and low rectal cancer after
neoadjuvant chemoradiation therapy and the effect of learning
curve. Medicine (Baltimore) 96(40):e8171

10. Crippal, Grass F, Dozois EJ, Mathis KL, Merchea A, Colibase-
anu DT et al (2020) Robotic surgery for rectal cancer provides
advantageous outcomes over laparoscopic approach results from
a large retrospective cohort. Ann Surg. https://doi.org/10.1097/
SLA.0000000000003805

11. Asklid D, Gerjy R, Hjern F, Pekkari K, Gustafsson UO (2019)
Robotic vs laparoscopic rectal tumour surgery: a cohort study.
Colorectal Dis 21(2):191-199

12. Han C, Yan P, Jing W, Li M, Du B, Si M et al (2020) Clinical,
pathological, and oncologic outcomes of robotic-assisted versus


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/SLA.0000000000003805
https://doi.org/10.1097/SLA.0000000000003805

Surgical Endoscopy (2022) 36:2006-2017

2017

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

laparoscopic proctectomy for rectal cancer: A meta-analysis of
randomized controlled studies. Asian J Surg. 43(9):880-890

. Jayne D, Pigazzi A, Marshall H, Croft J, Corrigan N, Copeland

J et al (2017) Effect of robotic-assisted vs conventional laparo-
scopic surgery on risk of conversion to open laparotomy among
patients undergoing resection for rectal cancer: the ROLARR
randomized clinical trial. JAMA 318(16):1569-1580

Baek SJ, Kim SH, Cho JS, Shin JW, Kim J (2012) Robotic
versus conventional laparoscopic surgery for rectal cancer: a
cost analysis from a single institute in Korea. World J Surg
36(11):2722-2729

Maessen J, Dejong CH, Hausel J, Nygren J, Lassen K, Andersen
J et al (2007) A protocol is not enough to implement an
enhanced recovery programme for colorectal resection. Br J
Surg 94(2):224-231

Ban KA, Berian JR, Ko CY (2019) Does implementation of
enhanced recovery after surgery (ERAS) protocols in colorec-
tal surgery improve patient outcomes? Clin Colon Rectal Surg
32(2):109-113

Gustafsson UO, Scott MJ, Hubner M, Nygren J, Demartines
N, Francis N et al (2019) Guidelines for perioperative care in
elective colorectal surgery: enhanced recovery after surgery
(ERAS((R))) society recommendations: 2018. World J Surg
43(3):659-695

Ljungqvist O, Scott M, Fearon KC (2017) Enhanced recovery
after surgery: a review. JAMA Surg 152(3):292-298

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC,
Vandenbroucke JP et al (2014) The strengthening the report-
ing of observational studies in epidemiology (STROBE) state-
ment: guidelines for reporting observational studies. Int J Surg
12(12):1495-1499

Dindo D, Hahnloser D, Clavien PA (2010) Quality assessment in
surgery: riding a lame horse. Ann Surg 251(4):766-771
Gustafsson UO, Hausel J, Thorell A, Ljungqvist O, Soop M,
Nygren J et al (2011) Adherence to the enhanced recovery after
surgery protocol and outcomes after colorectal cancer surgery.
Arch Surg 146(5):571-577

White IR, Royston P, Wood AM (2011) Multiple imputation using
chained equations: Issues and guidance for practice. Stat Med
30(4):377-399

Jacobs M, Verdeja JC, Goldstein HS (1991) Minimally invasive
colon resection (laparoscopic colectomy). Surg Laparosc Endosc
1(3):144-150

Kang SB, Park JW, Jeong SY, Nam BH, Choi HS, Kim DW et al
(2010) Open versus laparoscopic surgery for mid or low rectal
cancer after neoadjuvant chemoradiotherapy (COREAN trial):
short-term outcomes of an open-label randomised controlled trial.
Lancet Oncol 11(7):637-645

Fleshman J, Branda M, Sargent DJ, Boller AM, George V,
Abbas M et al (2015) Effect of laparoscopic-assisted resection

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

vs open resection of stage II or III rectal cancer on pathologic
outcomes: The ACOSOG Z6051 randomized clinical trial. JAMA
314(13):1346-1355

Stevenson AR, Solomon MJ, Lumley JW, Hewett P, Clouston AD,
Gebski VI et al (2015) Effect of laparoscopic-assisted resection
vs open resection on pathological outcomes in rectal cancer: the
alacart randomized clinical trial. JAMA 314(13):1356-1363
Pigazzi A, Ellenhorn JD, Ballantyne GH, Paz IB (2006) Robotic-
assisted laparoscopic low anterior resection with total mesorectal
excision for rectal cancer. Surg Endosc 20(10):1521-1525
Corrigan N, Marshall H, Croft J, Copeland J, Jayne D, Brown
J (2018) Exploring and adjusting for potential learning effects
in ROLARR: a randomised controlled trial comparing robotic-
assisted vs. standard laparoscopic surgery for rectal cancer resec-
tion. Trials 19(1):339

D’Annibale A, Pernazza G, Monsellato I, Pende V, Lucandri G,
Mazzocchi P et al (2013) Total mesorectal excision: a comparison
of oncological and functional outcomes between robotic and lapa-
roscopic surgery for rectal cancer. Surg Endosc 27(6):1887-1895
Asklid D, Segelman J, Gedda C, Hjern F, Pekkari K, Gustafsson
UO (2017) The impact of perioperative fluid therapy on short-
term outcomes and 5-year survival among patients undergoing
colorectal cancer surgery - A prospective cohort study within an
ERAS protocol. Eur J Surg Oncol 43(8):1433-1439

Gustafsson UO, Oppelstrup H, Thorell A, Nygren J, Ljungqvist O
(2016) Adherence to the ERAS protocol is associated with 5-Year
survival after colorectal cancer surgery: a retrospective cohort
study. World J Surg 40(7):1741-1747

Vlug MS, Wind J, Hollmann MW, Ubbink DT, Cense HA, Engel
AF et al (2011) Laparoscopy in combination with fast track mul-
timodal management is the best perioperative strategy in patients
undergoing colonic surgery: a randomized clinical trial (LAFA-
study). Ann Surg 254(6):868—875

Baek JH, McKenzie S, Garcia-Aguilar J, Pigazzi A (2010) Onco-
logic outcomes of robotic-assisted total mesorectal excision for
the treatment of rectal cancer. Ann Surg 251(5):882-886

Green BL, Marshall HC, Collinson F, Quirke P, Guillou P, Jayne
DG et al (2013) Long-term follow-up of the Medical Research
Council CLASICC trial of conventional versus laparoscopically
assisted resection in colorectal cancer. Br J Surg 100(1):75-82
Rottoli M, Bona S, Rosati R, Elmore U, Bianchi PP, Spinelli A
et al (2009) Laparoscopic rectal resection for cancer: effects of
conversion on short-term outcome and survival. Ann Surg Oncol
16(5):1279-1286

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Short-term outcome in robotic vs laparoscopic and open rectal tumor surgery within an ERAS protocol: a retrospective cohort study from the Swedish ERAS database
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Materials and methods
	Study design and setting
	Participants
	Outcome variables
	Exposure variables
	Potential confounders
	Data analysis

	Results
	Surgical approach
	Time and distribution of procedures
	Basic characteristics
	Compliance to the ERAS protocol
	Short-term outcome—duration of surgery, conversion to open surgery, reoperations, complications, symptoms delaying discharge and LOS

	Discussion
	Acknowledgements 
	References




