Surgical Endoscopy
https://doi.org/10.1007/s00464-021-08681-x

and Other Interventional Techniques

Lower conversion rate with robotic assisted rectal resections
compared with conventional laparoscopy; a national cohort study
Elisabeth Myrseth1,2
Stig Norderval1,2

· Linn Såve Nymo1,2 · Petter Fosse Gjessing1,2 · Hartwig Kørner3,4 · Jan Terje Kvaløy5,6 ·

Received: 22 March 2021 / Accepted: 7 August 2021
© The Author(s) 2021

Abstract
Background Conversion from laparoscopic to open access colorectal surgery is associated with a poorer postoperative outcome. The aim of this study was to assess conversion rates and outcomes after standard laparoscopic rectal resection (LR)
and robotic laparoscopic rectal resection (RR).
Methods A national 5-year cohort study utilizing prospectively recorded data on patients who underwent elective major
laparoscopic resection for rectal cancer. Data were retrieved from the Norwegian Registry for Gastrointestinal Surgery and
from the Norwegian Colorectal Cancer Registry. Primary end point was conversion rate. Secondary end points were postoperative complications within 30 days and histopathological results. Chi-square test, two-sided T test, and Mann–Whitney U
test were used for univariable analyses. Both univariable and multivariable logistic regression analyses were used to analyze
the relations between different predictors and outcomes, and propensity score matching was performed to address potential
treatment assignment bias.
Results A total of 1284 patients were included, of whom 375 underwent RR and 909 LR. Conversion rate was 8 out of 375
(2.1%) for RR compared with 87 out of 909 (9.6%) for LR (p < 0.001). RR was associated with reduced risk for conversion
compared with LR (aOR 0.22, 95% CI 0.10–0.46). There were no other outcome differences between RR and LR. Factors
associated with increased risk for conversion were male gender, severe cardiac disease and BMI > 30. Conversion was associated with higher rates of major complications (20 out of 95 (21.2%) vs 135 out of 1189 (11.4%) p = 0.005), reoperations
(13 out of 95 (13.7%) vs 93 out of 1189 (7.1%) p = 0.020), and longer hospital stay (median 8 days vs 6 days, p = 0.001).
Conclusion Conversion rate was lower with robotic assisted rectal resections compared with conventional laparoscopy.
Conversions were associated with higher rates of postoperative complications.
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Over the last 10 years, laparoscopic rectal resection has
become the preferred approach in many countries [1, 2].
While several studies have shown favorable outcomes after
laparoscopic surgery for colon cancer [3–7] with reduced
rates of postoperative complications, 30-day mortality, and
long-term results equal to open access surgery [8–10], the
results after laparoscopic rectal cancer surgery have not been
unambiguously positive. Although studies demonstrate similar short- and long-term results compared to open access surgery [11, 12], unfavorable histopathological outcomes with
higher rates of positive circumferential resection margins,
and lower rates of complete excision of mesorectum after
TME have been reported [13, 14].
Due to a narrow operative field in the pelvis and limited
instrument mobility, laparoscopic surgery for rectal cancer is
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technically demanding. Studies have shown conversion rates
between 12 and 30% [15–18], and a need of about 150 operations to flatten the learning curve [19]. These disadvantages
may be overcome with robotic assisted laparoscopic access
which offers a three-dimensional view with a stable camera,
better ergonomic conditions, enhanced dexterity, and instrument articulation. This might facilitate a more precise dissection with improved specimen quality. In particular, it may
also reduce the need for conversion, which is associated with
higher complication rates [3, 15, 20]. While several studies have shown lower conversion rates with robotic assisted
laparoscopy compared to conventional laparoscopy [16, 21,
22], this could not be confirmed in the large randomized
ROLARR trial [23].
The aim of this study was to assess conversion rates after
standard laparoscopic versus robotic assisted laparoscopic
resections for rectal cancer, as well as postoperative complications within the first 30 days and histopathological results
in a national cohort from the Norwegian registry for gastrointestinal surgery (NoRGast) [24] supplied with data from
the Norwegian Colorectal Cancer Registry [25].

Materials and methods
Study population
Patients who underwent elective major resection for rectal
cancer from January 1st 2014 to December 31st 2018 were
identified via the Norwegian Registry for Gastrointestinal
Surgery (NoRGast) [24]. Due to some delay in data registry, and also to achieve at least 6 months follow-up, latest
operation date for data extraction was set to December 2018.
This national quality registry was established in 2014, and
includes major gastrointestinal and hepatobiliary resections.
All Norwegian hospitals performing cancer resections are
obliged to report data to NoRGast which records variables
that might affect surgical outcome, such as pre-operative
weight loss, BMI, ECOG-status, known severe pulmonary
and cardiac disease as well as operative technique, and shortterm postoperative outcome measures including complications, reoperations, length of hospital stay, readmissions, and
mortality rates. A detailed presentation of the registry has
been published previously [24].
Patients were identified in the NoRGast database based
on procedure codes according to the NCSP (NOMESCO
Classification Of Surgical Procedures) [26] for rectal
resection with formation of anastomosis (JGB00 through
JGB07), rectal resection with end colostomy (codes JGB10
and JGB11), and abdominoperineal resections (codes
JGB30 through JGB36). The procedure codes were combined with diagnosis code C20 for cancer < 15 cm from the
anal verge assessed with rigid proctoscope according to the
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International Classification of Diseases version 10 (ICD-10)
[27]. Some cases were registered with cancers located from
15 cm or lower measured on rigid proctoscope, but erroneously had received the ICD-10 code C19 for rectosigmoid
cancer at discharge, and these were also included. Patients
with tumors other than adenocarcinoma were excluded.
Emergency procedures and all procedures commenced by
open access, as well as transanal total mesorectal excisions
(taTME) were also excluded.
Data were linked to the Norwegian Colorectal Cancer
Registry [25] for information on preoperative work-up,
oncologic treatment upfront surgery, histopathology of the
surgical specimen, and 90 days mortality rate based on the
patients’ individual social security numbers.

Data quality
The coverage rate in NoRGast has increased during the study
period from approximately 20% in 2014 to 75% in 2018 [28].
Variable completeness is 98–100%, much due to its webbased registration system. The Norwegian Colorectal Cancer
Registry includes annually more than 90% of all patients surgically treated for rectal cancer [29]. However, this registry
includes data from various sources, such as clinical reports
on diagnosis and treatment, and histopathological reports.
This results in some variations in variable completeness
with missing data in up to 30% for some clinical variables,
while variables from the histopathological reports have up
to 90% completeness. However, as both registries overlap on
a number of core variables, data linking results in an overall
high degree of variable completeness. Patients with missing
data in any variables included for analysis in this study were
excluded, and number of missing values are documented in
the attached tables. The manuscript was drafted in accordance to the STROBE guidelines for observational studies
[30].

Statistical analysis
Data were analyzed with SPSS version 26, (IBM, Armonk,
New York, USA). For univariable analyses Pearson's Chisquare test was used for categorical data, and two-sided T
test or Mann–Whitney U test for continuous data. Confidence interval (CI), standard deviation or inter quartile range
(IQR) were calculated as appropriate. Univariable binary
logistic regression was used to calculate unadjusted odds
ratios (OR) for conversion rates, major complications, reoperations, 30 days mortality, and anastomotic leaks. A stepwise backward multivariable logistic regression model was
used to further analyze the relations between different predictors and outcomes, and adjusted odds ratios were reported
for the final fitted models. Variables with a p value < 0.2
in univariable analyses were included in the multivariable
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analyses. All significant variables were tested for two-way
interaction, and significant interactions were included in
further multivariable analyses. The significance level was
set to p < 0.05.
A linear regression model was made with the continuous
variable as dependent variable, RR or LR as fixed factors
and hospitals performing RR as covariate.
To address potential treatment assignment bias, a propensity score matching was performed by including all available baseline variables. The matched sets were included in
a new set of regression analyses. Match tolerance was set to
0.01, and sampling was done without replacement. Robotic
assistance was used as group indicator, and baseline characteristics (age, gender, BMI, severe cardiac and pulmonary
disease, diabetes, ASA-score, ECOG-score, and diabetes)
were used as predictors.
Age was categorized into three groups (low < 65, mid
65–80, and high > 80). ASA-scores were grouped into low
ASA-scores (scores 1–2) and high ASA-scores (scores 3–4).
ECOG-scores were dichotomized into low ECOG-score
(0–1) and high ECOG-score (2–4). Severe pulmonary disease was defined as having FEV1 < 50% or a vital capacity < 60% of predicted values. Severe cardiac disease was
defined as NYHA classification 3–4, or severe arrythmia
requiring mechanical support. Complications were recorded
according to the Accordion grading system [31]. Major complications were defined as Accordion grade of 3 or higher.
Briefly, Accordion grade 3 is defined as any percutaneous,
angiographic or endoscopic intervention, Accordion 4 is
defined as intervention in general anesthesia or single-organ
failure, Accordion 5 is defined as intervention in general
anesthesia plus single- or multi-organ failure. Accordion 6
is death within 30 days postoperatively. Anastomotic leak
was defined as a leak requiring reoperation (grade C leaks)
[32]. Only resections with formation of an anastomosis were
included in analysis of anastomotic leak. Weight was classified by body mass index (BMI), and patients were grouped
into 4 BMI-classes [33]; [< 18.5] [18.5–25] [25–30] [> 30].
Positive circumferential resection margin (positive CRM)
was defined as CRM ≤ 1 mm, and positive distal resection
margin (positive DRM) as DRM ≤ 1 mm.

Results
Patients
A total of 2302 patients were recorded in NoRGast with
an NCSP procedural code for rectal resection in the study
period. After excluding patients with other tumors than adenocarcinoma, those undergoing taTME, endoscopic or emergency procedures a total of 1796 patients were identified.
Some 1284 had a laparoscopic procedure, of whom 909 had

a conventional laparoscopic resection and 375 had a robotic
assisted resection (Fig. 1). Sixteen hospitals contributed
data, of which 7 performed both RR and LR. Demographical and clinical characteristics are presented in Table 1.

Conversion rates
The overall conversion rate was 95 out of 1284 patients
(7.4%). In the RR group conversion rate was significantly
lower as compared to the LR group, with 8 out of 375 (2.1%)
and 87 out of 909 (9.6%), respectively (p < 0.001). Conversion rate for LR performed in hospitals using both operative
techniques was 51 out of 464 (11.0%) compared to 36 out of
445 (8.1%) in hospitals using laparoscopic technique only
(p = 0.137). In multivariable analyses, RR was associated
with reduced risk for conversion with an aOR of 0.21 (95%
CI 0.09–0.43) compared to LR. In addition, male gender
(aOR 1.86, 95% CI. 1.14–3.06), BMI > 30 (aOR 2.64, 95%
CI 1.51–4.61), and severe cardiac disease (aOR 2.16, 95%
CI 1.08–4.31) were independent predictors for conversion
(Table 2). The Hartmann procedure was associated with a
higher conversion rate (aOR 2.88, 95% CI 1.35–6.13) than

Paents registered and matched from both NoRGast
and the Colorectal Cancer Registry (n= 2302)

Excluded for locaon other than
rectal, and histology other than
adenocarcinomas (n=402)

Excluded taTME (n= 86),
endoscopic (n= 2) and
emergency
procedure (n= 16)
Excluded open access as
intenon-to-treat (n=512)
Scheduled laparoscopic resecons for rectal
adenocarcinomas
(n=1284)

Roboc ass. resecons
(n= 375)

Std. laparoscopic resecons
(n= 909)

Fig. 1  Flowchart
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Table 1  Baseline characteristics
Total n = 1284 LR n = 909 RR n = 375 p value*
Sex
Male
Female
Age, median
(IQR)
BMI
< 18.5
18.8–25
25–30
> 30
ASA-score
Low (1–2)
High (3–4)
ECOG-class
Low (0–1)
High (2–4)
Diabetes
Pulmonary
disease
Cardiac disease
Radio(chemo)
therapy
Tumor levela
Low (0–5 cm)
Mid
(5–10 cm)
High
(10–15 cm)
Operative technique
LARb
APRc
Hartmann

782
502
69 (60–76)

551 (61)
231 (62)
358 (39)
144 (38)
69 (60–76) 69 (60–75)

0.743

24
511
496
228

18 (2)
380 (42.4)
350 (39.1)
148 (16.5)

6 (1.7)
131 (36.1)
146 (40.2)
80 (22.0)

0.067

871
413

640 (70.4)
269 (29.6)

231 (61.6)
144 (38.4)

0.002

1210
67
134
48

854 (94.1)
54 (5.9)
92 (10.1)
44 (4.8)

356 (96.5)
13 (3.6)
42 (11.2)
4 (1.1)

0.078

73
375

65 (7.2)
323 (25.5)

8 (2.1)
143 (38.1)

< 0.001
< 0.001

244
332

159 (26.6)
224 (37.5)

85 (35.0)
108 (40.6)

0.045

287

214 (35.8)

73 (27.3)

743
432
109

552 (60.7)
280 (30.8)
77 (8.5)

191 (50.9)
152 (40.5)
32 (8.5)

0.760

0.565
0.001

0.003

Values in parentheses are percentages unless indicated otherwise
LR laparoscopic resections, RR robotic resections
*Chi-square analyses
a

b
c

Cm from anal verge measured with rigid proctoscope
Low anterior resection
Abdominoperineal resection

low anterior resections (LAR), with abdominoperineal
resections (APR) as reference (Table 2).
A separate analysis on the risk factors gender and BMI
revealed an especially high conversion rate for male patients
with BMI > 30 in the LR group (Table 3). The OR for conversion in male patients with BMI > 30 was 0.23 (95% CI
0.07–0.83) for RR with LR as reference. A total of 730
patients were included after propensity score matching,
with 65 exact matches and 289 fuzzy matches. After propensity score matching, RR compared to LR (aOR 0.19, 95%
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CI 0.09–0.42) as well as male gender (aOR 2.44, 95% CI
1.14–5.19) remained significant predictors for conversion.

Postoperative complications
Major complications, 30-day mortality rates and reoperation
rates did not differ between the LR and RR group (Table 4).
The overall anastomotic leak rate was 41 out of 743 (5.5%)
and did not differ between LR and RR. Rates of major complications and reoperations were higher following converted
procedures compared to procedures completed laparoscopically, with complication rates of 20 out of 95 (21.1%) vs 135
out of 1189 (11.4%) (p = 0.005) and reoperation rates of 13
out of 95 (13.7%) vs 93 out of 1189 (7.8%) (p = 0.046).
Conversion, male gender, severe pulmonary or cardiac
disease, and BMI > 30 were independent predictors for major
complications in multivariable regression analysis (Table 5).
After propensity score matching only male gender, severe
cardiac disease, and BMI > 30 remained significant. In
multivariable regression analysis of 30-day mortality only
ECOG-score > 2 was found to be an independent predictor
(aOR 21.10, 95% CI 3.27–136.26) p = 0.001). For reoperation, male gender (aOR 2.25, 95% CI 1.41–3.59, p = 0.001),
severe pulmonary disease (aOR 2.74, 95% CI 1.26–5.93,
p = 0.011), and LAR as operative technique with APR as reference (aOR 2.72, 95% CI 1.64–4.53, p < 0.001) were independent predictors in multivariable regression analyses. For
anastomotic leak, only male gender was a predictor (aOR
2.44, 95% CI 1.15–5.19, p = 0.020). All predictors from
initial multivariable logistic regression analysis remained
significant in propensity score matched analysis for 30-day
mortality rates, reoperations, and anastomotic leak.
Length of in-hospital stay (LOS) was shorter in the RR
group compared to LR; median 5 vs 6 days (p = 0.001).
Patients who underwent conversion to open access had a
median LOS of 8 days compared to 6 days after procedures
completed laparoscopically (p = 0.001) (Table 4). There
were, however, no differences in LOS between LR and RR
in hospitals operating with both techniques.

Histopathological results
The overall rates of positive CRM and DRM were 51 out of
1090 (4.7%) and 7 out of 1075 (0.7%) and were similar in
the RR and LR group (Table 4). The rate of positive CRM
was higher (9 out of 88, 10.2%) following converted procedures compared to procedures completed laparoscopically
(42 out of 1002, 4.2%, p = 0.010). A higher proportion of
positive CRM was seen following APR compared with other
operative techniques (APR 33 out of 357, 9.2%, LAR 12 out
of 636, 1.9% and Hartmann 6 out of 97, 6.2%, p < 0.001).
Further, surgery for low tumors (0–5 cm above anal verge)
resulted in higher rates of positive CRM compared with
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Table 2  Regression analyses of
risk factors for conversion

Conversion
rate (per cent)
All patients
Age group
< 65
65–80
> 80
Sex
Female
Male
WHO ECOG-score
0, 1
2, 3, 4
ASA classification
1–2
3–4
Severe pulmonary disease
No
Yes
Severe cardiac disease
No
Yes
Med. Diabetes
No
Yes
Weight class (BMI)
< 18.5
18.5–25
25–30
> 30
Radio(chemo)therapy
No
Yes
Operative technique
LAR
Hartmann
APR
Robotic assistance
No
Yes

Univariable
OR (95% CI)

p value

Multivariable
aOR (95% CI)

p value

95/1284 (7.4)
37/503 (7.4)
43/631 (6.8)
15/150 (10.0)

Ref
0.91 (0.58–4.45)
1.40 (0.75–2.63)

0.411

24/502 (4.8)
71/782 (9.1)

Ref
1.98 (1.23–3.21)

0.014 Ref
1.86 (1.14–3.06)

89/1210 (7.4)
5/67 (7.5)

Ref
1.02 (0.39–2.59)

0.974

63/871 (7.2)
32/413 (7.7)

Ref
1.08 (0.69–1.68)

0.742

93/1236 (7.5)
2/48 (4.2)

Ref
0.53 (0.29–2.34)

0.391

83/1211 (6.9)
12/73 (16.4)

Ref
2.67 (1.39–5.16)

0.003 Ref
2.16 (1.08–4.31)

79/1150 (6.9)
16/134 (11.9)

Ref
1.84 (1.04–3.25)

0.036

1/24 (4.2)
29/511 (5.7)
32/496 (6.5)
29/228 (12.7)

0.72 (0.09–5.54)
Ref
1.15 (0.68–1.93)
2.42 (1.41–4.16)

0.007 0.87 (0.12–6.89)
Ref
1.08 (0.63–1.83)
2.64 (1.51–4.61)

71/909 (7.8)
24/375 (6.4)

Ref
0.81 (0.50–1.30)

0.381

60/743 (8.0)
14/109 (14.3)
21/432 (4.8)

1.72 (1.03–2.87)
2.88 (1.42–5.88)
Ref

0.012 1.66 (0.97–2.84)
2.88 (1.35–6.13)
Ref

0.021

87/909 (9.6)
8/375 (2.1)

Ref
0.21 (0.09–0.43)

< 0.001 Ref
0.22 (0.10–0.46)

< 0.001

intermediate (5–10 cm) and high (10–15 cm) tumors, with
23 out of 206 (11.2%), 9 out of 297 (3.0%), and 5 out of 250
(2.0%), respectively (p < 0.001). Tumor diameter and tumor
stage were not associated with higher rates of positive CRM.
A mean number of 14 lymph nodes were retrieved from
the specimen in the RR group compared 18 in the LR group
(p = 0.001). In hospitals performing both LR and RR there
were no differences in lymph node retrieval between the
two groups, except for one hospital where LR resulted in
fewer lymph nodes as compared to RR (Table 6). ANCOVA

0.014

0.029

0.002

analysis comparing mean number of lymph nodes between
the RR group and the LR group correcting for hospital
showed no differences between the two methods (p = 0.550).

Discussion
This study on a national cohort of patients who underwent
laparoscopic resections for rectal cancer demonstrates that
conversion rate was lower with robotic assistance compared

13

Surgical Endoscopy
Table 3  Rate of conversion
stratified by sex and BMI

Conversion rate

Male (all cases)
Male, BMI > 30
Male, BMI < 30
Female (all cases)
Female, BMI > 30
Female, BMI < 30

RR

LR

ORa (95% CI)

6 out of 231 (2.6)
3 out of 52 (5.77)
3 out of 172 (1.74)
2 out of 114 (1.4)
0 out of 28 (0.00)
2 out of 111 (1.80)

65 out of 551 (11.8)
19 out of 91 (20.88)
42 out of 451 (9.31)
22 out of 358 (6.1)
7 out of 57 (12.28)
15 out of 297 (5.05)

p < 0.001*
0.23 (0.07–0.83) p = 0.024
0.17 (0.06–0.57) p = 0.004
p = 0.024*
0.12 (0.01–2.15) p = 0.149
0.36 (0.08–1.53) p = 0.162

Values in parentheses are percentages unless indicated otherwise
RR robotic resection, LR laparoscopic resection

a

OR for conversion in RR with LR as reference

*Chi-square analysis

Table 4  Postoperative complications and histopathological results

30-day mortality
90-day mortality
Major complications
Conversion rate
Anastomotic leak
Reoperation
Tumor perforation
LOSa median (IQR)
Single-organ failure
Multi-organ failure

LR

RR

p values*

3 (0.3)
11 (1.2)
112 (12.3)
87 (9.6)
27 (4.9)
71 (7.8)
5 (0.6)
6 (4–9)
22 (2.4)
3 (0.3)

2 (0.2)
5 (1.3)
43 (11.5)
8 (2.1)
14 (7.7)
35 (9.3)
2 (0.6)
5 (3–7)
5 (1.3)
2 (0.5)

LR

RR

p values

CC

CL

p values

35 (4.6)
6 (0.8)
3.0 (1.8–4.0)
15.0 (11.0–20.0)
16 (12–21)

16 (4.8)
1 (0.3)
3.5 (2.0–4.5)
13.5 (10.0–17.0)
13 (11–17)

0.885
0.376
0.002
0.001
0.001

9 (10.2)
1 (1.1)
2.6 (2.0–4.0)
18.0 (12.0–23.0)
16 (13–22)

42 (4.2)
6 (0.6)
3.0 (2.0–4.4)
14.0 (10.3–19.0)
15 (12–20)

0.010
0.547
0.367
0.001
0.505

248 (40.8)
148 (24.3)
148 (24.3)
64 (10.5)

0.135

0.592
0.856
0.669
< 0.001
0.203
0.367
0.988
0.001
0.217
0.595

CC**

CL***

p values*

1 (1.1)
3 (3.2)
20 (21.2)

4 (0.3)
13 (1.1)
135 (11.4)

0.280
0.081
0.005

5 (8.3)
13 (12.3)
3 (3.8)
8 (6–12)
3 (3.2)
2 (2.1)

36 (5.3)
93 (7.8)
4 (0.4)
6 (4–8)
24 (2.0)
3 (0.3)

0.319
0.046
< 0.001
0.001
0.456
0.005

Histopathological results

Positive CRMb
Positive DRMc
Median DRMc (IQR)
Median PRMd (IQR)
L.nodee median (IQR)
Stagef
1
2
3
4

196 (41.4)
121 (25.5)
108 (22.8)
49 (10.3)

66 (36.1)
38 (20.8)
54 (29.5)
25 (13.7)

0.486

14 (28.6)
11 (22.5)
14 (28.6)
10 (20.4)

Values in parentheses are percentages unless indicated otherwise
LR laparoscopic resections, RR robotic resections
*Chi-square analyses
**Converted cases
***Completed laparoscopically
a

b
c
d
e
f

LOS, In-hospital length of stay
Circumferential resection margin. Missing values in this variable n = 194
Distal resection margin, measured in centimeters. Missing values in this variable n = 209
Proximal resection margin, measured in centimeters. Missing values in this variable n = 280
Lymph nodes yielded

Missing values in this variable n = 627
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Table 5  Regression analyses
of risk factors for major
complications

Rate (%)

Univariable
OR (95% CI)

All patients
Age group
< 65
65–80
> 80
Sex
Female
Male
WHO ECOG-score
0, 1
2, 3, 4
Severe pulmonary disease
No
Yes
Severe cardiac disease
No
Yes
Weight class (BMI)
< 18.5
18.5–25
25–30
> 30
Med. Diabetes
No
Yes
ASA classification
1–2
3–4
Operative technique
LAR
Hartmann
APR
Robotic assistance
No
Yes
Conversion
Yes
No

Multivariable
p value

aOR (95% CI)

p value

155/1284 (12.1)
68/503 (13.5)
75/631 (11.9)
12/150 (8.0)

Ref
0.86 (0.61–1.23)
0.56 (0.29–1.06)

0.192

43/502 (8.6)
112/782 (14.3)

Ref
1.78 (1.23–2.59)

0.002 Ref
1.67 (1.14–2.44)

148/1210 (12.2)
7/67 (10.4)

Ref
0.84 (0.38–1.87)

0.664

139/1236 (11.2)
16/48 (33.3)

Ref
3.95 (2.11–7.48)

< 0.001 Ref
3.34 (1.72–6.46)

< 0.001

131/1211 (10.8)
24/73 (32.9)

Ref
4.04 (2.39–6.79)

< 0.001 Ref
3.42 (1.97 (5.94)

< 0.001

2/24 (8.3)
43/511 (8.4)
70/496 (14.1)
37/228 (16.2)

0.98 (0.23–4.35)
Ref
1.79 (1.19–2.67)
2.11 (1.32–3.38)

0.007

135/1150 (10.5)
20/134 (14.9)

Ref
1.32 (0.79–2.19)

0.285

102/871 (11.7)
53/413 (12.8)

Ref
1.11 (0.79–1.58)

0.564

105/743 (14.1)
7/109 (6.4)
43/432 (10.0)

Ref
0.42 (0.19–0.92
0.67 (0.46–0.78)

0.020 Ref
0.36 (0.16–0.81)
0.66 (0.45–0.97)

112/909 (12.3)
43/375 (11.5)

0.92 (0.63–1.34)

20/95 (21.1)
135/1189 (11.4)

2.09 (1.23–5.52)
Ref

to standard laparoscopy. Further, conversion to open access
surgery was associated with higher rates of major complications, longer hospital stay, and unfavorable histopathological
results.
These results are corroborated by data from a recent
meta-analysis of RCTs and propensity score matched studies [17] as well as a large single center study on 600 patients
[16], both showing lower conversion rates with robotic
assistance compared to conventional laparoscopy in rectal
cancer patients, [16, 17]. In contrast, the large international

0.009

0.010

0.669

0.006 1.85 (1.07–3.23)
Ref

0.029

multi-center ROLARR trial found no difference in conversion rates between RR and LR [18]. However, according
to a post hoc multi-level logistic regression analysis taking into account the participating surgeon’s experience with
robotic surgery, the lack of difference in conversion rates
between the two techniques in this multi-center trial could
be explained by a learning effect [34].
A conversion rate of 2.1% with RR and 9.6% with LR is
generally low compared to other large studies on both laparoscopic and robotic rectal resections, where reported rates
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Table 6  Lymph nodes retrieved
with LR and RR in hospitals
performing both techniques

Center number

n total

n RR

RR
LR
p value
Mean n. lymphnodes Mean n. lymphnodes
(Std.dev)
(Std.dev)

1
2
3
4
5
6
7

158
118
75
123
32
64
269

6
60
58
4
19
34
194

26.5 (12.5)
13.7 (5.8)
15.2 (5.8)
20.8 (3.3)
20.7 (7.8)
15.9 (5.9)
12.6 (4.9)

21.1 (11.1)
15.1 (4.8)
16.1 (5.9)
15.7 (7.7)
26.6 (13.5)
16.9 (4.8)
13.0 (5.2)

0.339
0.148
0.564
0.044
0.174
0.482
0.562

Significant values (p < 0.05) are marked in bold
RR robotic resection, LR laparoscopic resection

vary between 5.0 and 8.1% for RR and 12.2 and 15.4% for
LR [16–18]. This could indicate that the operating surgeons
had a high level of experience with both robotic assisted and
laparoscopic techniques.
Male gender, BMI > 30, and severe cardiac disease were
identified as risk factors associated with conversion to open
surgery, which is in line with other studies [16, 35, 36]. In a
study by Crippa et al., robotic surgery was associated with
lower conversion rate in obese patients [14]. In the present
study, the conversion rate was especially high for males
with BMI > 30 who underwent LR, and the risk for conversion in this group was significantly lower with robotic
assistance (Table 3). This indicates that robotic assistance
aids in completing surgery laparoscopically especially in
the more challenging obese patients combined with a narrow male pelvis. The finding of severe cardiac disease as
an independent risk factor for conversion has to our knowledge not been addressed in the literature. The data available for this study do not provide further information to
elaborate this finding.
Rates of major complications, 30 day mortality, reoperations, and anastomotic leak did not differ between RR and
LR, which is in line with other large studies [7, 16, 18, 37].
While some studies have used standardized complication
scores like Accordion grading score [38] or Clavien-Dindo
score [5], other studies recorded complications according
to custom definitions which vary greatly and make direct
comparison difficult. A review of 8 studies including 592
patients undergoing laparoscopic or robotic assisted LAR
showed that the overall complication rate was significantly
lower in the RR group compared to LR [39]; however, the
definition of complications differed between the included
studies. In comparison, there were no differences in complication rates between RR and LR in the ROLARR trial
comprising 461 patients [18]. The overall rate of major complications in the present study was low, as almost 9 out of 10
patients went through elective rectal cancer surgery without
any major complication.
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Conversion to open access was followed by higher rates of
major complications, reoperations, longer LOS, higher rates
of positive CRM, and tumor-near bowel-perforation. Higher
rates of complications have been associated with conversion
of laparoscopic colon cancer resections in several studies
[3–7]. In a study with prospectively collected data of 470
patients who underwent laparoscopic colorectal resections
including 192 rectal resections, postoperative complication
rates were significantly higher for patients who experienced
conversion to open access, with a rate of 56.1% versus 16.8%
when resections were completed laparoscopically [37]. This
finding is supported by the present study, although the difference in complication rates was less profound.
Histopathological assessment included CRM/DRM and
number of retrieved lymph nodes in the specimen. Total
number of lymph nodes is one of the key quality measures
for assessing the histopathological result following colorectal surgery [40]. The present study showed significantly
lower numbers of harvested lymph nodes in the RR group
compared with the LR group. However, subgroup analysis
indicated that this was related to local hospital or laboratory differences rather than between RR and LR, as there
was no difference in number of retrieved lymph nodes after
LR and RR in hospitals operating with both methods. Large
differences between pathology laboratories in lymph node
retrieval have previously been shown in other studies [41,
42]. In the present study, the proportion of patients with
neoadjuvant treatment was significantly higher in the RR
group. This was probably related to a larger share of low
tumors in the RR group which more often meet the criteria
for neoadjuvant treatment. Neoadjuvant treatment is well
known to be associated with a lower number of specimen
lymph nodes. In the ROLARR trial, mean number of lymph
nodes retrieved by robotic resections were 24.1, compared to
23.2 for laparoscopic resections [18]. In the COLORII trial
the median number of lymph nodes retrieved was 13 for the
laparoscopic resections [7], which compares well with the
present study.
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The overall positive CRM was 4.7% in the present
study, which is lower than both the COLORII trial [7]
(7.05% for LR) and the ROLARR trial [18] (6.3% for LR
and 5.1% for RR). In the present study, positive CRM was
more frequent in converted cases, low tumors and tumors
resected by APR. Despite a higher proportion of APR and
lower tumors in the RR group, no difference was seen
regarding positive CRM. This could indicate that robotic
assistance reduces the risk for involved CRM in patients
operated with APR. In this study however, the reason for
conversion was not recorded. In a review [43] of 18 studies
on colorectal cancer patients, 3 studies on rectal cancer
patients stated that the most common reasons for conversion were advanced tumors, obesity, narrow pelvis, and
adhesions. The higher rates of positive CRM in specimens
from converted procedures could reflect difficult laparoscopic dissection where conversion to open access enabled
to finalize the procedure but could not undo the damage
caused by suboptimal dissection.
There are some limitations to this study. The completeness of the mesorectal fascia is an important histopathological quality measure [44, 45], but this variable was not available from the Norwegian Colorectal Cancer Registry. Another
limitation is that NoRGast is a newly established registry
with low coverage rates during the first years of inclusion.
Furthermore, it is possible that surgeons performing robotic
rectal resections are those who previously had developed
high surgical skills in conventional laparoscopy. However,
rectal cancer surgery in Norway has been centralized before
the introduction of conventional laparoscopic rectal resection, and the same surgeons are performing LR and RR at
centers offering both techniques. The higher conversion rate
in LR also in these centers makes this bias unlikely.
Moreover, the present study is an observational study,
and the low conversion rate associated with robotic resection
could be a result of confounders which were not recorded
as variables in the registries. However, separate analyses on
hospital level to detect whether conversion rate was dependent on robot system accessibility, showed significantly
higher conversion rates with LR also in hospitals with access
to such operating systems. Furthermore, propensity score
matching was also performed to eliminate bias otherwise
only accounted for by an RCT.
This study is based on compound data from two national
quality registries covering the surgical and oncological quality of surgical treatment of rectal cancer and shows real time
results from treatment outside the strict frames of an RCT.
Mandatory inclusion of patients from all hospitals performing rectal cancer surgery enables the possibility to obtain
a large dataset of unselected patient population suited for
research using advanced statistical methods to minimize bias
and confounding. This approach offers results that reflect
national daily practice. The degree of external validity would

depend on a similar homogenous population and healthcare
provision.
Funding Open access funding provided by UiT The Arctic University
of Norway (incl University Hospital of North Norway). The project
was funded by the Northern Norway Regional Health Authority. Grant
No. HNF1537-20.

Declarations
Disclosures Drs Elisabeth Myrseth, Linn Såve Nymo, Petter Fosse
Gjessing, Hartwig Kørner, Jan Terje Kvaløy and Stig Norderval have
no conflicts of interest or financial ties to disclosure.
Ethical approval The study was approved by The Regional Committee
for Medical and Health Research Ethics (Approval Number 2018/2274)
and by the Data Protection Officer at the University Hospital of North
Norway.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, 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. Davis CH, Gaglani T, Moore LW, Du XL, Hwang H, Yamal J-M
et al (2019) Trends and outcomes in laparoscopic versus open
surgery for rectal cancer from 2005 to 2016 using the ACS-NSQIP
database, a retrospective cohort study. Int J Surg 63:71–76
2. National Bowel Cancer Audit. Annual report 2020. https://www.
nboca.org.uk/content/uploads/2020/12/NBOCA-2020-Annual-
Report.pdf
3. Nymo LS, Norderval S, Eriksen MT, Wasmuth HH, Kørner H,
Bjørnbeth BA et al (2019) Short-term outcomes after elective
colon cancer surgery: an observational study from the Norwegian registry for gastrointestinal and HPB surgery, NoRGast. Surg
Endosc 33:2821–2833
4. Bosker RJI, Van’t Riet E, Noo M, Vermaas M, Karsten TM, Pierie
J-P (2019) Minimally invasive versus open approach for rightsided colectomy: a study in 12,006 patients from the Dutch surgical colorectal audit. Dig Surg 36:27–32
5. Ehrlich A, Kellokumpu S, Wagner B, Kautiainen H, Kellokumpu
I (2015) Comparison of laparoscopic and open colonic resection
within fast-track and traditional perioperative care pathways: clinical outcomes and in-hospital costs. Scand J Surg 10(104):211–218
6. Veldkamp R, Kuhry E, Hop WCJ, Jeekel J, Kazemier G, Bonjer HJ et al (2005) Laparoscopic surgery versus open surgery for
colon cancer: short-term outcomes of a randomised trial. Lancet
Oncol 6:477–484

13

Surgical Endoscopy
7. van der Pas MH, Haglind E, Cuesta MA, Fürst 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 14:210–218
8. Nordholm-Carstensen A, Jensen KK, Krarup P-M (2018) Oncological outcome following laparoscopic versus open surgery for
cancer in the transverse colon: a nationwide cohort study. Surg
Endosc 32:4148–4157
9. Deijen CL, Vasmel JE, de Lange-de Klerk ESM, Cuesta MA,
Coene P-PLO, Lange JF et al (2017) Ten-year outcomes of a
randomised trial of laparoscopic versus open surgery for colon
cancer. Surg Endosc 31:2607–2615
10. Buunen M, Veldkamp R, Hop WCJ, Kuhry E, Jeekel J, Haglind E
et al (2009) Survival after laparoscopic surgery versus open surgery for colon cancer: long-term outcome of a randomised clinical
trial. Lancet Oncol 10:44–52
11. Jeong S-Y, Park JW, Nam BH, Kim S, Kang S-B, Lim S-B et al
(2014) Open versus laparoscopic surgery for mid-rectal or lowrectal cancer after neoadjuvant chemoradiotherapy (COREAN
trial): survival outcomes of an open-label, non-inferiority, randomised controlled trial. Lancet Oncol 15:767–774
12. Bonjer HJ, Deijen CL, Abis GA, Cuesta MA, van der Pas MHGM,
de Lange-de Klerk ESM et al (2015) A randomized trial of laparoscopic versus open surgery for rectal cancer. N Engl J Med
2(372):1324–1332
13. Fleshman J, Branda M, Sargent DJ, Boller AM, George V,
Abbas M et al (2015) 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
6(314):1346–1355
14. Stevenson ARL, Solomon MJ, Lumley JW, Hewett P, Clouston
AD, Gebski VJ et al (2015) Effect of laparoscopic-assisted resection vs open resection on pathological outcomes in rectal cancer:
the ALaCaRT randomized clinical trial. JAMA 6(314):1356–1363
15. Guillou PJ, Quirke P, Thorpe H, Walker J, Jayne DG, Smith AMH
et al (2005) Short-term endpoints of conventional versus laparoscopic-assisted surgery in patients with colorectal cancer (MRC
CLASICC trial): multicentre, randomised controlled trial. Lancet
(London, England) 365:1718–1726
16. Crippa J, Grass F, Achilli P, Mathis KL, Kelley SR, Merchea A
et al (2020) Risk factors for conversion in laparoscopic and robotic
rectal cancer surgery. Br J Surg 107:560–566
17. Phan K, Kahlaee HR, Kim SH, Toh JWT (2019) Laparoscopic vs.
robotic rectal cancer surgery and the effect on conversion rates:
a meta-analysis of randomized controlled trials and propensityscore-matched studies. Tech Coloproctol 23:221–230
18. Jayne D, Pigazzi A, Marshall H, Croft J, Corrigan N, Copeland J
et al (2017) 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 318:1569–1580
19. Miskovic D, Ni M, Wyles SM, Tekkis P, Hanna GB (2012) Learning curve and case selection in laparoscopic colorectal surgery:
systematic review and international multicenter analysis of 4852
cases. Dis Colon Rectum 55:1300–1310
20. Allaix ME, Furnée EJB, Mistrangelo M, Arezzo A, Morino M
(2016) Conversion of laparoscopic colorectal resection for cancer:
what is the impact on short-term outcomes and survival? World J
Gastroenterol 22:8304
21. Xiong B, Ma L, Zhang C, Cheng Y (2014) Robotic versus laparoscopic total mesorectal excision for rectal cancer: a meta-analysis.
J Surg Res 15(188):404–414
22. Trastulli S, Farinella E, Cirocchi R, Cavaliere D, Avenia N, Sciannameo F et al (2012) Robotic resection compared with laparoscopic rectal resection for cancer: systematic review and metaanalysis of short-term outcome. Colorectal Dis 14:e134–e156

13

23. Jayne D, Pigazzi A, Marshall H, Croft J, Corrigan N, Copeland J
et al (2019) Robotic-assisted surgery compared with laparoscopic
resection surgery for rectal cancer: the ROLARR RCT. Effic Mech
Eval 6:1–140
24. Lassen K, Nymo LS, Kørner H, Thon K, Grindstein T, Wasmuth
HH et al (2018) The new national registry for gastrointestinal
surgery in Norway: NoRGast. Scand J Surg 107:201–207
25. Directory of Health, Report on cancer surgery in Norway, 2015.
https://www.helsedirektoratet.no/rapporter/kreftkirurgi-i-norge/
26. Nielsen H-B (2011) NOMESCO Classification of Surgical Procedures. E-book. NOWBASE website. http://nowbase.org/publi
cations/ncsp-classification-surgical-procedures
27. World Health Organization (2004) ICD-10, International statistical classification of disease and health related problems. Tenth
revision. 2nd edition. World Health Organization
28. NoRGast, annualy report 2014-2019. Available from: https://unn.
no/fag-og-forskning/medisinske-kvalitetsregistre/norgast-norsk-
register-for-gastrokirurgi#arsrapport
29. Colorectal cancer registry, annualy reports 2014–2019. Available
from: https://www.kreftregisteret.no/Registrene/Kvalitetsregist
rene/Tykk-ogendetarmskreftregisteret/Resultater/
30. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,
Vandenbroucke JP et al (2008) The strengthening the reporting
of observational studies in epidemiology (STROBE) statement:
guidelines for reporting observational studies. J Clin Epidemiol
61:344–349
31. Strasberg SM, Linehan DC, Hawkins WG (2009) The accordion
severity grading system of surgical complications. Ann Surg
250:177–186
32. Rahbari NN, Weitz J, Hohenberger W, Heald RJ, Moran B, Ulrich
A et al (2010) Definition and grading of anastomotic leakage following anterior resection of the rectum: a proposal by the international study group of rectal cancer. Surgery 147:339–351
33. World Health Organization, Body Mass Index. http://www.euro.
who.int/en/health-topics/disease-prevention/nutrition/a-healthy-
lifestyle/body-mass-index-bmi. Accessed 2 Feb 2021
34. 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 roboticassisted vs. standard laparoscopic surgery for rectal cancer resection. Trials 27(19):339
35. Neree Tot Babberich MPM, Groningen JT, Dekker E, Wiggers
T, Wouters MWJM, Bemelman WA et al (2018) Laparoscopic
conversion in colorectal cancer surgery; is there any improvement
over time at a population level? Surg Endosc 32:3234–3246
36. Agha A, Fürst A, Iesalnieks I, Fichtner-Feigl S, Ghali N, Krenz D
et al (2008) Conversion rate in 300 laparoscopic rectal resections
and its influence on morbidity and oncological outcome. Int J
Colorectal Dis 23:409–417
37. Chan ACY, Poon JTC, Fan JKM, Lo SH, Law WL (2008) Impact
of conversion on the long-term outcome in laparoscopic resection
of colorectal cancer. Surg Endosc 22:2625–2630
38. Jeong DH, Hur H, Min BS, Baik SH, Kim NK (2013) Safety and
feasibility of a laparoscopic colorectal cancer resection in elderly
patients. Ann Coloproctol 29:22
39. Sun Y, Xu H, Li Z, Han J, Song W, Wang J et al (2016) Robotic
versus laparoscopic low anterior resection for rectal cancer: a
meta-analysis. World J Surg Oncol 1(14):61
40. Tepper JE, O’Connell MJ, Niedzwiecki D, Hollis D, Compton C, Benson AB et al (2001) Impact of number of nodes
retrieved on outcome in patients with rectal cancer. J Clin Oncol
1(19):157–163
41. de Burlet KJ, van den Hout MFCM, Putter H, Smit VTHBM,
Hartgrink HH (2015) Total number of lymph nodes in oncologic resections, is there more to be found? J Gastrointest Surg
19:943–948

Surgical Endoscopy
42. Elferink MAG, Siesling S, Visser O, Rutten HJ, van Krieken
JHJM, Tollenaar RAEM et al (2011) Large variation between
hospitals and pathology laboratories in lymph node evaluation in
colon cancer and its impact on survival, a nationwide populationbased study in the Netherlands. Ann Oncol Off J Eur Soc Med
Oncol 22:110–117
43. Allaix ME, Furnée EJB, Mistrangelo M, Arezzo A, Morino M
(2016) Conversion of laparoscopic colorectal resection for cancer:
what is the impact on short-term outcomes and survival? World J
Gastroenterol 7(22):8304–8313
44. Silva-Velazco J, Stocchi L, Valente MA, Church JM, Liska D,
Gorgun E et al (2019) The relationship between mesorectal

grading and oncological outcome in rectal adenocarcinoma. Colorectal Dis 21:315–325
45. Heald RJ, Moran BJ, Ryall RD, Sexton R, MacFarlane JK (1998)
Rectal cancer: the Basingstoke experience of total mesorectal
excision, 1978–1997. Arch Surg 133:894–899
Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

13

