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Abstract
Aim: Literature on nationwide long-term permanent stoma rates after rectal cancer 
resection in the minimally invasive era is scarce. The aim of this population-based study 
was to provide more insight into the permanent stoma rate with interhospital variability 
(IHV) depending on surgical technique, with pelvic sepsis, unplanned reinterventions and 
readmissions as secondary outcomes.
Method: Patients who underwent open or minimally invasive resection of rectal cancer 
(lower border below the sigmoid take-off) in 67 Dutch centres in 2016 were included in 
this cross-sectional cohort study.
Results: Among 2530 patients, 1470 underwent a restorative resection (58%), 356 a 
Hartmann's procedure (14%, IHV 0%–42%) and 704 an abdominoperineal resection (28%, 
IHV 3%–60%). Median follow-up was 51 months. The overall permanent stoma rate at 
last follow-up was 50% (IHV 13%–79%) and the unintentional permanent stoma rate, 
permanent stoma after a restorative procedure or an unplanned Hartmann's procedure, 
was 11% (IHV 0%–29%). A total of 2165 patients (86%) underwent a minimally invasive 
resection: 1760 conventional (81%), 170 transanal (8%) and 235 robot-assisted (11%). 
An anastomosis was created in 59%, 80% and 66%, with corresponding unintentional 
permanent stoma rates of 12%, 24% and 14% (p = 0.001), respectively. When corrected for 
age, American Society of Anesthesiologists classification, cTNM, distance to the anorectal 
junction and neoadjuvant (chemo)radiotherapy, the minimally invasive technique was not 
associated with an unintended permanent stoma (p = 0.071) after a restorative procedure.
Conclusion: A remarkable IHV in the permanent stoma rate after rectal cancer resection 
was found. No beneficial influence of transanal or robot-assisted laparoscopy on the 
unintentional permanent stoma rate was found, although this might be caused by the 
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INTRODUC TION

Since the local recurrence rate of rectal cancer has substantially de-
clined [1–3] there has been an increased focus on functional out-
comes and quality of life after treatment for rectal cancer. A large 
proportion of patients undergoing surgery for rectal cancer will end 
up with a stoma, and this has a significant effect on quality of life in 
about a quarter of the patients [4].

Stomas in rectal cancer patients might be either intentional or 
unintentional, with substantial variety among centres and countries 
[5]. Intentional stoma rates in northern European countries are rel-
atively high. In Dutch clinical practice, approximately 30% of rectal 
cancer patients used to undergo abdominoperineal resection (APR) 
and another 20% a Hartmann's procedure (HP), although these pro-
portions have decreased over time [6]. The unintentional stoma rate 
in patients undergoing restorative rectal cancer resection was as 
high as 19% [7].

When the tumour is in the distal rectum it becomes more chal-
lenging to achieve clear resection margins and to restore bowel 
continuity due to tapering of the pelvis and a short distal margin. 
To overcome these challenges, robot-assisted surgery and the tran-
sanal TME (TaTME) technique have been introduced [8–10]. Several 
studies have reported on short-term outcomes regarding the differ-
ent minimally invasive rectal cancer resection techniques, but little 
is known about the long-term outcomes with regard to permanent 
stoma and complication rates [11, 12]. The aim of this population-
based study was primarily to provide more insight into the perma-
nent stoma rate with interhospital variability (IHV) depending on 
surgical technique, with pelvic sepsis, unplanned reinterventions 
and readmissions as secondary outcomes.

METHOD

This large collaborative research project, performed by the Dutch 
Snapshot Research Group, was conducted in 67 Dutch hospitals. 
Short-term outcomes of patients undergoing a surgical resection 
for colorectal cancer in the Netherlands are registered in the Dutch 
ColoRectal Audit (DCRA) [13]. All patients who underwent a resec-
tion of primary rectal cancer between 1 January and 31 December 
2016 were selected from the DCRA. Between October 2020 and 
November 2021, a local collaborative team for each hospital, con-
sisting of surgical residents or physician assistants, supervised by a 

surgeon, collected additional data and long-term outcomes through 
a secure web-based tool, resulting in a follow-up period of 4 years. 
A more detailed description of this study design has been published 
previously [14]. The MRI images were re-reviewed by collaborators 
who had fulfilled the online sigmoid take-off training to determine 
whether the tumour was located under or above the sigmoid take-
off [15].

Ethics

This study was performed and reported according to the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement. The Medical Ethical Committee 
Vrije Universiteit Medical Centre in Amsterdam reviewed and ap-
proved the study protocol on 30 June 2020. The Dutch Medical 
Research Involving Human Subjects Act was not applicable. Local 
approval for execution of the study and the need to provide in-
formed consent or the opportunity to opt out was obtained by the 
local institutional review board of each participating centre.

Patient selection

For the current analysis, patients who underwent an anterior resec-
tion with anastomosis (AR), HP or an APR for primary rectal cancer 
were selected from the cross-sectional cohort database. Patients 
with a tumour above the sigmoid take-off and patients who under-
went a local excision (defined as transanal endoscopic microsurgery 
or transanal minimally invasive surgery), proctocolectomy or un-
known procedure were excluded.
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surgical learning curve. A reduction in IHV and improving preoperative counselling for 
decision-making for restorative procedures are required.
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total mesorectal excision

What does this paper add to the literature?

This nationwide cross-sectional study showed an overall 
permanent stoma rate of 50% and an unintentional per-
manent stoma rate of 11% after rectal resection for rectal 
cancer, with huge interhospital variability. Improvement in 
preoperative counselling for decision-making for restora-
tive procedures and a reduction in interhospital variability 
are necessary.

 14631318, 2024, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/codi.17015 by C

ochrane N
etherlands, W

iley O
nline L

ibrary on [10/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

mailto:m.kusters@amsterdamumc.nl


    |  1155HAZEN et al.

End points

The primary outcome was the permanent stoma rate, which was de-
fined as a stoma being present at last follow-up. The permanent stoma 
rate was further subdivided into the intentional and unintentional per-
manent stoma rate. An intentional permanent stoma was defined as a 
stoma after an APR or planned HP (preoperatively discussed because of 
comorbidities, expected risk of anastomotic leakage or expected incon-
tinence problems). An unintentional permanent stoma was defined as 
the presence of a stoma in patients who initially underwent a restora-
tive resection or in patients in whom the procedure was peroperatively 
converted to a HP due to technical difficulties. If the reason for a HP was 
not clear, this was scored as reason unknown. Secondary outcomes were 
pelvic sepsis (anastomotic leakage or presacral abscess) at any time dur-
ing follow-up, unplanned reinterventions and readmissions. Anastomotic 
leakage was defined as the presence of any of the following conditions: 
contrast extravasation on imaging studies, a presacral collection requiring 
surgical, radiological or endoscopic intervention, or a presacral collection 
that either led to delay in stoma closure or to resection of the colorectal 
anastomosis. Furthermore, IHV regarding the surgical approach and per-
manent stoma rate was evaluated. The permanent stoma rate was strati-
fied for annual hospital volume, defined as low (<20), medium (20–50) 
or high (>50). Surgeon experience and the learning curve could not be 
assessed and were therefore not included in the analyses.

Statistical analyses

Continuous outcomes are presented as means with standard devia-
tion (SD) for normally distributed continuous variables and as medians 
with interquartile range (IQR) for nonnormally distributed variables. 
Categorical variables are presented as numbers (n) with percentages. 
To compare baseline characteristics, the chi-square test was used for 
categorical intergroup variation and one-way analysis of variance for 
continuous variables. Binary logistic regression analysis with backward 
selection was performed to determine the independent association of 
the minimally invasive surgical technique for having an unintentional 
permanent stoma, corrected for expected relevant clinical factors, 
namely sex, age at resection, American Society of Anesthesiologists 
(ASA) classification, clinical tumour characteristics [cT-stage, cN-stage, 
involved mesorectal fascia (MRF) (<1 mm distance), cM-stage and 
distance to the anorectal junction measured on MRI] and the use of 
neoadjuvant (chemo)radiotherapy. Analyses were performed with IBM 
SPSS statistics, version 27.00 (IBM Corp Armonk, NY, USA). A p-value 
less than 0.05 was considered statistically significant.

RESULTS

Sixty-seven of the 69 hospitals in the Netherlands that performed rec-
tal cancer surgery in 2016 participated in this study. This resulted in 
the inclusion of 3107 of the 3178 potentially eligible patients (98%) 
in the cross-sectional cohort database. After excluding patients with 
a tumour above the sigmoid take-off (n = 314), local excision (n = 197), 

proctocolectomy (n = 14) and unknown procedure (n = 2), 2530 pa-
tients with an AR, HP or APR for primary rectal cancer performed by 
any surgical approach were included, as shown in Figure 1. The variety 
in distribution of the different surgical techniques for each hospital is 
shown in Figure 2A. The TaTME procedure was performed in 27 hos-
pitals, of which 15 performed between one and three TaTME proce-
dures in this cohort (median 2, range 1–41). A total of 12 hospitals used 
robot-assisted laparoscopy (R-TME), of which four performed between 
one and three R-TMEs (median 13, range 1–79).

IHV in permanent stoma rate

The distribution of patients with either a functional anastomosis 
or a permanent stoma for each participating hospital is shown in 
Figure 2B. The median follow-up was 51 months (IQR 43–55 months). 
The overall permanent stoma rate at the end of follow-up was 50%, 
with an IHV ranging between 13% and 79%. The variability in per-
forming an APR procedure was between 3% and 59% (median 25%). 
The variability in performing an HP was between 0% and 42% (me-
dian 10%). A planned HP varied between 0% and 42% (median 8%) 
and an unplanned HP (peroperatively converted) varied between 0% 
and 15% (median 2%). The permanent stoma rate was not influenced 
by the hospital volume (41% vs. 51% vs. 50% for 0–20, 21–50 and 
>50 resections annually, respectively; p = 0.127). The unintentional 
permanent stoma rate (a permanent stoma after an initial restorative 
resection or an unplanned HP) was 11%, with variability between 0% 
and 29%. The hospital volume did not influence the unintentional 
permanent stoma rate (6% vs. 12% vs. 11% for 0–20, 21–50 and >50 
resections annually, respectively; p = 0.119).

Use of a minimally invasive approach

After excluding patients who underwent resection by a primary 
open or unknown approach (Figure 1), there were 2165 patients who 
had an initial minimally invasive approach. A total of 1760 patients 
(81%) underwent a conventional laparoscopic approach (L-TME), 
170 patients (8%) a TaTME approach and 235 patients (11%) an R-
TME. Baseline characteristics are displayed in Table 1. Patients with 
a TaTME were more often male and had more distal tumours (4 cm 
vs. 5 cm for both L-TME and R-TME; p = 0.027). There were no signifi-
cant differences in cTNM stage or the use of neoadjuvant (chemo)
radiotherapy. An anastomosis was created in 1041 (59%) patients 
with L-TME, in 136 (80%) with TaTME and in 154 (66%) with R-TME. 
Specific characteristics and complications after TaTME and R-TME 
can be found in the Appendix 0.

Minimally invasive restorative procedures

Of 1331 patients who underwent a minimally invasive resection 
with anastomosis, the surgical approach was L-TME in 1041 patients 
(78%), TaTME in 136 patients (10%) and R-TME in 154 patients (12%) 
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(Figure  1, Table  2). A diverting stoma was constructed in 703 pa-
tients (53%). Patients with a TaTME approach had more advanced 
and distally located tumours and more often received neoadjuvant 
treatment. The long-term outcomes regarding pelvic sepsis, perma-
nent stoma and reinterventions and readmissions are displayed in 
Table 3. Of the 246 patients with anastomotic leakage, 105 had a 
permanent stoma at the end of follow-up (43%). Anastomotic leak-
age occurred more often in the TaTME group (27%, p = 0.042). A 
total of 32 patients (24%) had a stoma at the end of follow-up in the 
TaTME group, and this was significantly higher than the L-TME group 
(n = 121, 12%) and R-TME group (n = 22, 14%) (p = 0.001). The type 

of permanent stoma and the reason for the permanent stoma were 
no different between the groups. Of the 175 permanent stomas, 54 
(31%) were created before or during the rectal resection, 55 (31%) 
were created within the first year after the rectal resection and 54 
(31%) were created more than 1 year after the rectal resection [for 
12 stomas (7%) this was unknown]. Patients in the TaTME group 
more often had an unplanned reintervention (n = 53, 39%; p = 0.001) 
and unplanned readmission (n = 54, 40%; p < 0.001).

When determining the independent association of the type of 
minimally invasive approach on permanent stoma rate corrected for 
ASA classification, distance to the anorectal junction measured on 

F I G U R E  1  Flowchart for study 
inclusion (APR, abdominoperineal 
resection; AR, anterior resection; DCRA, 
Dutch ColoRectal Audit; HP, Hartmann's 
procedure; Wait-and-See ).

3178 Patients registrered with a 
resection for primary rectal cancer in 

the DCRA 2016 

39 Excluded:
34 Patients from non-participating 
hospitals
5 Patients with objection 

3107 Registrered patients in the 
Snapshot rectal  cancer 2016 study  50 Excluded:

4 Untraceable 
3 No available data 
6 Recurrent rectal cancer
3 Resection for regrowth after W&S
7 Anal cancer
2 Sigmoid cancer according to hospital
3 Double registered patients
8 Resection before or after 2016
8 Palliative resection
3 No rectal cancer present
3 Rectal cancer left in situ

3057 Patients included in the Snapshot 
rectal cancer 2016 study

71 Excluded:
66 Patients from non-participating 
hospitals
5 Patients with objection 

3107 Registrered patients in the 
Snapshot rectal cancer 2016 study  

2743 Patients with a tumour at or 
below the sigmoid take-off 

314 Excluded:
314 Tumour above the sigmoid take-off

213 Excluded:
197 Local excision
14 Proctocolectomy
2 Unknown procedure

2530 Patients with an AR, HP or APR 

2165 Patients with an AR, HP or APR 
and minimal invasive approach

365 Excluded:
357 Initial laparotomy
8 Unknown initial approach

1331 Patients with an AR with 
anaostomosis and minimal invasive 

approach

834 Excluded:
277 Hartmann Procedure
557 Abdominoperineal resection
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F I G U R E  2  Interhospital variation in (A) surgical approach (TME, total mesorectal excision) and (B) permanent stoma rate.
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MRI, cM-stage and the use of neoadjuvant (chemo)radiotherapy, 
the type of minimally invasive approach was no longer associated 
with the presence of a permanent stoma (Table 4, p = 0.094). Sex, 
cT-stage and MRF involvement were also not significantly associated 
with the presence of a permanent stoma in the multivariable analy-
sis. Patients treated with neoadjuvant (chemo)radiotherapy had an 
unintentional permanent stoma significantly more often (117/702, 
17%) than patients with upfront TME (60/635, 9%) (p < 0.001).

DISCUSSION

This nationwide cross-sectional study of 2530 patients who un-
derwent a resection for primary rectal cancer in the Netherlands 
in 2016 gives an overview on long-term permanent stoma rates for 
the different minimally invasive approaches for TME-surgery. The 
results revealed a 50% permanent stoma rate with substantial IHV. 
The chance of undergoing a restorative resection differed among 

TA B L E  1  Baseline characteristics per type of minimal invasive surgical technique for all total mesorectal excision (TME) procedures.

Clinical value
Conventional laparoscopy 
(N = 1760), n (%)

Transanal TME 
(N = 170), n (%)

Robot-assisted laparoscopy 
(N = 235) n (%) p-value

Male 1124 (64) 131 (77) 156 (66) 0.002

Age at resection (years), mean (SD) 67 (10) 66 (11) 67 (10) 0.128

Previous bowel segment resection 20 (1) 1 (1) 3 (1) 0.780

ASA III/IV 290 (17) 22 (19) 31 (13) 0.262

Distance from the ARJ (cm), mean (SD) 5 (3) 4 (2) 5 (3) 0.027

cT-stage

cT1/T2 555 (33) 46 (28) 72 (31) 0.383

cT3 1012 (60) 106 (64) 135 (59)

cT4 97 (6) 14 (8) 20 (9)

cTx 19 (1) 1 (1) 2 (1)

MRF+ 456 (28) 53 (33) 54 (25) 0.273

cN-stage

cN0 742 (44) 79 (47) 108 (47) 0.872

cN1 543 (32) 55 (33) 73 (32)

cN2 391 (23) 32 (19) 47 (21)

cNx 7 (0) 1 (1) 1 (0)

cM1 108 (6) 11 (7) 10 (4) 0.497

Neoadjuvant radiotherapy

None 747 (42) 670 (41) 95 (40) 0.713

5 × 5 short interval 321 (18) 24 (14) 45 (19)

5 × 5 long interval 164 (9) 21 (12) 23 (9)

Chemoradiation 528 (30) 55 (32) 73 (31)

Type of resection

Anterior resection with anastomosis 1041 (59) 136 (80) 154 (66) <0.001

Hartmann procedure 237 (14) 10 (6) 14 (6)

Abdominoperineal resection, intersphincteric 110 (6) 20 (12) 11 (5)

Abdominoperineal resection, conventional or 
extralevator

356 (20) 3 (2) 55 (23)

Abdominoperineal resection, type unknown 16 (1) 1 (1) 1 (0)

Reason for Hartmann procedure

Planned 171 (72) 5 (50) 9 (64) 0.484

Unplanned 50 (21) 4 (40) 3 (21)

Unknown reason 16 (7) 1 (10) 2 (14)

Multivisceral resection 69 (4) 4 (2) 9 (4) 0.593

Conversion to open surgery 86 (5) 3 (2) 4 (2) 0.069

Involved resection margin 76 (4) 10 (6) 22 (9) 0.003

Abbreviations: ARJ, anorectal junction; ASA, American Society of Anesthesiologists; MRF, mesorectal fascia.
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the minimally invasive surgical techniques, with the highest propor-
tion for transanal procedures, although this is probably biased by 
patient selection. Univariable analysis showed that TaTME resulted 
in a higher rate of unintentional permanent stoma after a restorative 
procedure compared with L-TME and R-TME. However, the TaTME 
approach was used for more advanced and distally located tumours. 
After correcting for confounders, the type of minimally invasive ap-
proach was not significantly associated with having a permanent 
stoma.

TaTME and R-TME are increasingly used for rectal cancer sur-
gery, but high-quality evidence on the short- and long-term out-
comes is limited [16–18]. Several studies have shown favourable 
outcomes regarding sphincter preservation and bowel continuity 
for TaTME and R-TME compared with L-TME [11, 12]. An analysis of 
data from the Dutch Colorectal Audit of cohorts between 2015 and 

2018, including patients with a tumour located within 5 cm of the 
anus, showed that the TaTME approach resulted in more restorative 
procedures (66% vs. 28% for L-TME and 40% for R-TME) and also 
remained independently associated with performing a restorative 
procedure in the multivariable analysis [12]. Another study by Hol 
et al., which included patients from Dutch expert centres between 
2015 and 2017, showed more anastomoses after TaTME (62%) and 
R-TME (62%) compared with L-TME (39%) [11]. These results are in 
line with the results from the current study.

It remains difficult to reliably compare the three minimally in-
vasive techniques due to allocation bias and the preference of 
the surgeon for a surgical technique. When correcting for tumour 
characteristics and the use of neoadjuvant treatment, the type of 
minimally invasive technique was not associated with an uninten-
tional permanent stoma after the initial creation of an anastomosis. 

TA B L E  2  Baseline characteristics per type of minimally invasive surgical technique for anterior resection with anastomosis.

Clinical value
Conventional laparoscopy 
(N = 1041), n (%)

Transanal TME 
(N = 136), n (%)

Robot-assisted laparoscopy 
(N = 154), n (%) p-value

Male 661 (64) 101 (74) 102 (66) 0.044

Age at resection (years), mean (SD) 66 (10) 63 (11) 65 (9) 0.041

Previous bowel segment resection 7 (1) 1 (1) 1 (1) 0.996

ASA III/IV 131 (13) 21 (16) 10 (7) 0.044

Distance from the ARJ (cm), mean (SD) 6 (3) 4 (2) 6 (2) <0.001

cT-stage

cT1/T2 351 (34) 37 (27) 53 (34) 0.002

cT3 590 (57) 85 (63) 90 (58)

cT4 26 (3) 11 (8) 6 (4)

cTx 74 (7) 3 (2) 5 (3)

MRF+ 186 (2) 38 (30) 25 (18) 0.023

cN-stage

cN0 456 (44) 64 (47) 75 (49) 0.193

cN1 318 (31) 44 (32) 51 (33)

cN2 201 (19) 25 (18) 24 (16)

cNx 66 (6) 3 (2) 4 (3)

cM1 54 (5) 9 (7) 6 (4) 0.580

Neoadjuvant treatment

None 500 (48) 59 (43) 73 (47) 0.028

5 × 5 short interval 218 (21) 16 (12) 33 (21)

5 × 5 long interval 70 (7) 16 (12) 13 (8)

Chemoradiation 253 (24) 45 (33) 35 (23)

Multivisceral resection 21 (2) 4 (3) 5 (3) 0.537

Diverting stoma 511 (49) 88 (65) 104 (68) <0.001

Conversion to open surgery 49 (5) 1 (1) 3 (2) 0.115

Involved resection margin 21 (2) 5 (4) 9 (6) 0.016

CRM+ 14 (67) 4 (80) 6 (67) 0.602

DRM+ 6 (29) 0 (0) 2 (22)

CRM and DRM + 1 (5) 1 (20) 1 (11)

Abbreviations: ARJ, anorectal junction; ASA, American Society of Anesthesiologists; CRM, circumferential resection margin; DRM, distal resection 
margin; MRF, mesorectal fascia; TME, total mesorectal excision.

 14631318, 2024, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/codi.17015 by C

ochrane N
etherlands, W

iley O
nline L

ibrary on [10/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



1160  |    HAZEN et al.

TA B L E  3  Long-term outcomes per type of minimally invasive surgical technique for anterior resection with anastomosis.

Clinical value
Conventional laparoscopy 
(N = 1041), n (%)

Transanal TME 
(N = 136), n (%)

Robot-assisted laparoscopy 
(N = 154), n (%) p-value

Anastomotic leakage 182 (18) 36 (27) 28 (18) 0.040

ISREC classification B/Ca 151 (83) 30 (83) 25 (89) 0.699

Permanent stoma 121 (12) 32 (24) 22 (14) 0.001

Type of permanent stoma

Stoma created before resection 4 (3) 0 (0) 2 (9) 0.262

Diverting stoma created during resection 32 (26) 10 (31) 5 (23)

Secondary diverting ileostomy 12 (10) 1 (3) 5 (23)

Secondary diverting colostomy 12 (10) 1 (3) 1 (5)

Secondary end ileostomy 6 (5) 2 (6) 0 (0)

Secondary end colostomy 55 (46) 18 (56) 9 (41)

Reason for permanent stoma

Nonhealed anastomotic leakage/presacral abscess 37 (31) 5 (16) 6 (27) 0.076

Patient not fit for surgery 18 (15) 8 (25) 4 (18)

Primary choice 8 (7) 2 (6) 1 (5)

Resection for locoregional recurrence 4 (3) 5 (16) 1 (5)

Palliative stoma for locoregional recurrence 7 (6) 0 (0) 0 (0)

Low anterior resection syndrome 6 (5) 3 (9) 0 (0)

Patient's wish 10 (8) 3 (9) 0 (0)

Stenosis anastomosis 0 (0) 1 (3) 0 (0)

Necrotic colon 4 (3) 0 (0) 0 (0)

Patient has died before planned stoma closure 7 (6) 2 (6) 2 (9)

Other 12 (10) 1 (3) 3 (14)

Unknown 8 (7) 2 (6) 5 (23)

Patients with at least one unplanned reintervention 263 (25) 53 (39) 50 (33) 0.001

Type of reintervention

Adhesiolysis 10 (1) 3 (2) 4 (3) 0.143

Surgical drainage intraabdominal abscess 8 (1) 4 (3) 4 (3) 0.022

Surgical drainage presacral abscess 38 (4) 9 (7) 10 (7) 0.097

Dilatation anastomosis 12 (1) 5 (4) 2 (1) 0.065

Segment resection small bowel 4 (0) 0 (0) 2 (1) 0.203

EndoSponge 32 (3) 6 (4) 6 (4) 0.649

Correction hernia cicatricalis 32 (3) 6 (4) 7 (5) 0.501

Reconstruction anastomosis 9 (1) 4 (3) 3 (2) 0.075

Nefrodrain 1 (0) 0 (0) 2 (1) 0.011

Radiological drainage intraabdominal abscess 6 (1) 2 (2) 0 (0) 0.264

Radiological drainage presacral abscess 26 (2) 3 (2) 3 (2) 0.936

Reintervention for bleeding 5 (1) 1 (1) 0 (0) 0.618

Transanal drainage abscess 8 (1) 1 (1) 0 (0) 0.552

Transanal closure defect anastomosis 7 (1) 1 (1) 0 (0) 0.588

Ureter reconstruction 1 (0) 0 (0) 0 (0) 0.870

Wound toilet or VAC under narcosis 3 (0) 1 (1) 0 (0) 0.515

Resection rectal stump 5 (1) 4 (3) 0 (0) 0.002

Correction parastomal hernia 8 (1) 2 (2) 0 (0) 0.348

Stoma revision 13 (1) 4 (3) 1 (1) 0.199

Unplanned construction stoma 158 (15) 31 (23) 28 (18) 0.062
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The increased permanent stoma rate in the TaTME group during 
follow-up might be caused by the higher complication rate in the 
TaTME group, especially the higher anastomotic leakage rate. The 
anastomotic leakage rate of 25% in the TaTME group in this study 
is also higher than previously reported in other studies (16%–18%) 
[11, 19]. A recently published study which specifically included 
centres with experienced surgeons (those who performed at least 
40 procedures with the specific technique) did show a lower per-
manent stoma rate in the TaTME (15%) and R-TME (11%) groups 
[20]. While the use of R-TME was centralized in a few hospitals, 
TaTME was performed in 27 of the 67 hospitals (40%) without 
proper training; 15 hospitals performed only one to three TaTME 
procedures in this cohort. The learning curve is likely to have influ-
enced these poor outcomes in the TaTME group. Since 2016, a large 
proportion of these hospitals have stopped performing TaTME [21, 
22]. Prospective studies such as the COLOR III trial [23] and the 
VANTAGE trial [24] are being performed to prospectively evaluate 
the outcomes of the different minimally invasive techniques in a 
quality-controlled setting.

Another noticeable difference between the three techniques 
was the higher positive surgical resection margin rate in the R-
TME group (9% for all TME procedures and 6% for the restor-
ative procedures). There were no differences in tumour stage or 
height of the tumour in the R-TME group compared with L-TME 
and TaTME that could have explained this increased rate. This in-
creased risk has not been reported in other studies [11, 12] but 
does require attention.

The permanent stoma rate after a rectal resection is still very 
high at 50%. This is slightly less than in 2011 (57%) [14, 25]. An 
important difference compared with the 2011 cohort and other 
studies is that the definition of sigmoid take-off was used in the 

current study, probably resulting in a higher proportion of distal tu-
mours. Overall, the proportions of APR and HP procedures slightly 
decreased in 2016 compared with 2011 [14]. In the 2016 cohort, 
28% of the TME procedures were APRs and 13% were HPs. This 
was 31% and 19%, respectively, in 2011. The use of a diverting 
stoma decreased from 74% in 2011 to 53% in 2016 but remains 
high. The proportion of HPs in the 2016 cohort is comparable with 
results from population-based studies from Denmark (14%) [26] and 
Sweden (12%) [27], but is still high compared with recent random-
ized controlled trials (4%–6%) [28, 29].

There remains a large IHV in the permanent stoma rate in 
the current study. This can be explained by centralization of 
the difficult tumours, often located more distally in the rectum 
and therefore more often requiring a nonrestorative procedure. 
However, surgeon preference is likely to be an important factor. 
Furthermore, the large proportion of patients with an uninten-
tional permanent stoma after an initial restorative procedure (even 
24% in the TaTME group) accentuates the need for improvement 
in preoperative risk-assessment for complications and functional 
outcomes [25, 30–32].

Limitations

Due to the retrospective design of this study the results should 
be interpreted with caution. Firstly, due to the 4-year oncologi-
cal follow-up period, the patients included in this study received 
their resection in 2016. Meanwhile, surgeons might now be bet-
ter trained in the minimally invasive techniques and implemen-
tation has become stricter due to the first results of the TaTME 
technique [21]. Therefore, results might be more favourable in a 

Clinical value
Conventional laparoscopy 
(N = 1041), n (%)

Transanal TME 
(N = 136), n (%)

Robot-assisted laparoscopy 
(N = 154), n (%) p-value

Other 36 (4) 7 (5) 8 (5) 0.405

Patients with at least ine unplanned readmission 256 (25) 54 (40) 52 (34) <0.001

Cause of readmission

Wound problem 10 (1) 1 (1) 1 (1) 0.908

Dehydration 19 (2) 8 (6) 5 (3) 0.011

Ileus 37 (4) 7 (5) 12 (8) 0.043

Hernia cicatricalis 23 (2) 6 (4) 5 (3) 0.262

Abscess/fistula intra-abdominal or presacral 61 (6) 10 (7) 14 (9) 0.275

Anastomotic leakage 32 (3) 7 (5) 4 (3) 0.391

Stoma related complication 16 (2) 2 (2) 4 (3) 0.619

Unplanned construction stoma 132 (13) 30 (22) 26 (17) 0.007

Other 34 (3) 8 (6) 4 (3) 0.240

Abbreviation: VAC, Vacuum Assisted Closure.
aISREC (International Study Group of Rectal Cancer): Grade B, anastomotic leakage requiring active therapeutic intervention, but manageable 
without relaparotomy; Grade C, anastomotic leakage requiring relaparotomy.

TA B L E  3  (Continued)
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new cohort. However, besides the previously extensive attention 
to local recurrence rates, the results of this study should also be 
used to critically evaluate the different techniques and further 
improve outcomes. Secondly, complications and other details 
might not have been consequently documented in the patient 
files and might therefore have been missed during data collec-
tion. Lastly, the study design did not allow us to collect patient-
reported outcomes, meaning that quality of life and low anterior 
resection syndrome scores are unfortunately unknown, although 
these would be essential during further investigation to aid clinical 
decision-making.

CONCLUSION

This cross-sectional study revealed a nationwide permanent stoma 
rate of 50%. No beneficial effect was observed for TaTME or R-TME 
on the permanent stoma rate after a restorative procedure, although 
this might be due to the surgical learning curve which was still on-
going in this cohort. There was huge IHV for the type of rectal 
cancer resection in 2016 in the Netherlands and consequently the 
permanent stoma rate. Better insight in long-term quality of life is 
needed to guide physicians and patients with rectal cancer towards 
decision-making on restorative procedures.

Variable n

Permanent stoma

Univariable analysis Multivariable analysis

OR 95% CI p-value OR 95% CI p-value

Sex

Male 868 1 0.007

Female 469 0.612 0.428–0.874

Age 1337 1.011 0.994–1.028 0.214

ASA score

I/II 1161 1 0.041 1 0.004

III/IV 163 1.568 1.1018–2.417 1.992 1.250–
3.174

Distance to the 
ARJ

1202 0.836 0.781–0.895 <0.001 0.834 0.778–
0.895

<0.001

cT-stage

cT1/cT2 444 1 0.005

cT3 768 1.755 1.208–2.549

cT4 43 2.534 1.138–5.642

Distance to the MRF

MRF >1 mm 906 1 0.012

MRF ≤1 mm 244 1.609 1.108–2.337

cN-stage

cN0 598 1 0.108

cN1 416 1.267 0.873–1.839

cN2 250 1.548 1.021–2.346

cM-stage

cM0 1267 1 0.006 1 0.018

cM1 70 2.219 2.254–3.928 2.083 1.132–
3.831

Neoadjuvant radiotherapy

No 635 1 <0.001 1 0.016

Yes 702 1.917 1.375–2.671 1.545 1.083–
2.204

Approach

Laparoscopic 1041 1 <0.001

TaTME 136 2.339 1.508–3.630

Robotic 154 1.267 0.777–2.068

Abbreviations: ARJ, anorectal junction; ASA, American Society of Anesthesiologists; MRF, 
mesorectal fascia; OR, odds ratio; TaTME, transanal mesorectal excision.

TA B L E  4  Univariable and multivariable 
binary logistic regression for presence of 
permanent stoma.
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APPENDIX 

INTRAOPERATIVE TECHNIQUE AND COMPLICATIONS FOR 
TRANSANAL TME (A) AND THE ROBOTIC APPROACH (B)

(A) Clinical value
Transanal TME (N = 170), 
n (%)

AirSeal usage 124/166 (81)

Intraoperative complications 23/166 (14)

Bleeding presacral venous plexus 6 (4)

CO2 embolism 2 (1)

Incomplete doughnut 9 (5)

Incomplete anastomosis 5 (3)

Perforation rectum 2 (1)

Purse-string failure 1 (1)

Spill of faeces 1 (1)

Spill of mucus 0 (0)

Urethra damage 4 (2)

Vaginal perforation 0 (0)

Other 1 (1)

(B) Clinical value
Robot-assisted resection 
(N = 235), n (%)

Type of robot

Si 139 (62)

Xi 81 (36)

X 3 (1)

Unknown 12

Is the entire surgery performed with the robot?

Yes 160 (71)
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(B) Clinical value
Robot-assisted resection 
(N = 235), n (%)

No, conventional laparoscopy for 
flexure mobilization

4 (2)

No, conventional laparoscopy for 
pelvic dissection

6 (3)

No, stapling through Pfannenstiel or 
conventional laparoscopy

41 (18)

Unknown 24

Fluorescence 65 (28)
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