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Diverting loop ileostomy has become routine in low anterior resection (LAR) for rectal cancer. The
optimal time for stoma reversal is controversial. The aim of the present study was to compare the
results after planned early (within 8-12 days) versus late (>3 months) stoma reversal. The primary
outcomes were morbidity and mortality, as measured by the Comprehensive Complication Index
(CCI) within 30 days after stoma reversal, and the secondary outcomes were morbidity and mortality
within 90 days after LAR. This was a multicentre trial including all patients scheduled for anterior low
resection for rectal cancer with curative intent. Inclusion period was from April 2011 to December
2018. All patients were randomized 1:1 prior to surgery. Among 257 consecutive and eligible patients,
a total of 214 patients were randomized: 107 patients to early stoma reversal and 107 to late reversal.
A total of 68 patients were excluded for various reasons, and 146 patients completed the study, with
77 in the early reversal group and 69 in the late reversal group. The patients were asked to complete
the Gastrointestinal Quality of Life Index before surgery (baseline) and at 6 and 12 months after LAR.
Ostomy-related complications were evaluated by dedicated ostomy staff using the validated DET
score. ClinicalTrials Identifier: NCT01865071. Fifty-three patients (69%) in the early reversal group
and 60 patients (87%) in the late reversal group received the intended treatment. There were no
significant differences in CCl within 90 days after index surgery with the LAR and within 30 days after
stoma reversal between the two groups. There were no differences in patient-reported quality of life
but significantly more stoma-related complications in the late reversal group. A total of 5 patients
experienced anastomotic leakage (AL) after stoma reversal, 4 in the early reversal group and one in
the late reversal group. Early and late stoma reversal showed similar outcomes in terms of overall
complications and quality of life. The risk of developing anastomotic leakage after early ostomy
reversal is a concern.

A defunctioning stoma significantly reduces the morbidity of anastomotic leakage (AL) in low anterior resection
(LAR) with total mesorectal excision for rectal cancer!. A concern may be stoma-related morbidity and com-
plications to stoma reversal, which has been reported with a frequency of 17.3-20%, with major complications
ranging from 0 to 7.9% and a mortality rate of 0.4 to 1%%°.

There is no clear evidence for the optimal timing of stoma reversal, and the majority of reports recommend
a stoma for approximately 3 months*®. Early reversal has been studied in nine published randomized trials with
conflicting results®’~'*. The explanation may be different study designs with different periods for stoma reversal,
patient selection (benign and malignant conditions or a mixture) and the method of randomization in relation
to time from index surgery. A meta-analysis including seven of the trials concluded that early stoma reversal
was safe and feasible and associated with a reduced risk of bowel obstruction and a lower rate of stoma-related
complications but a higher rate of wound complications'®. Not surprisingly, another meta-analysis based on 7
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of the 9 published studies came to the same conclusion'®. The first meta-analysis did not include the studies by
Elsner et al."® and Gallyamov et al.**, and the later meta-analysis did not include the studies by Shah et al.’> and
Nelson et al.’. The study by Elsner et al.!* found that early stoma reversal was not associated with a better qual-
ity of life up to 4 months after LAR but was afflicted with significantly adverse feasibility and higher morbidity
compared with late reversal.

A consistent feature in the method of randomization in the previous studies was a postsurgical randomization,
which had a risk of patient selection and did not show the feasibility of early stoma reversal in general. Rand-
omization before the index surgery was only used in one study from 2008, which included a mixture of patients
with benign and malignant disease’. Given this background, we decided to conduct a study with randomization
prior to the index surgery to decrease patient selection as a confounder.

The primary outcomes were morbidity and mortality measured by the Comprehensive Complication Index
(CCI)" within 30 days after stoma reversal, and the secondary outcomes were morbidity and mortality (CCI)
within 90 days after LAR, ostomy-related complications until stoma reversal and patient-reported quality of life
at 6 and 12 months after LAR.

Materials and methods

Study design. The trial was designed as a multicentre prospective randomized controlled trial comparing
early (8-12 days) versus late (>3 months) reversal of a diverting loop ileostomy as an intention-to-treat inves-
tigation. Patients were recruited from four Danish surgical departments certified for rectal cancer surgery. The
average annual volume for rectal resection with primary anastomosis with or without a diverting loop-ileostomy
in the 4 centres was a median of 39 (range 11-83) during the inclusion period from April 2011 to December
2018 and with the last follow-up in December 2019. Screening for eligibility, inclusion, and randomization was
performed at the outpatient clinic before surgery.

Important changes to methods after trial commencement. The trial period was prolonged by
2 years, as the inclusion rate was slower than anticipated and due to different times of start-up in the participat-
ing centres. The initial power calculation was based on the assumption of a 5% complication rate in the early
stoma reversal group and 30% in the late stoma reversal group. With a power of 80% and a 5% significance
level, 75 patients in each group would be required (nQuery Advisor 6.01; GraphPad Software DBA Statistical
Solutions, San Diego, USA). As we expected that at least 25% would have to be excluded because of operative
deviation from the planned LAR with a diverting ileostomy or other reasons, at least 200 patients were needed.

An interim analysis (01.11.2015) after inclusion of half of the patients showed no differences in the complica-
tion rates between the two groups and considerably lower than the 30%. By continuing the study by registration
of the complication rate, only, a type 2 error in the interpretation of the results might be a risk. Therefore, CCI
was considered more appropriate to use. With the initial intention to include 150 patients our power calcula-
tion showed that a difference in CCI on 5 between the two groups would be significant. This was considered
clinically relevant, as we would go for only a small difference in the argument to change from a late to an early
stoma reversal in the clinical setting.

Participants. Patients had to be at least 18 years old and have a histologically proven adenocarcinoma of the
rectum at or below 15 cm from the anal verge. All patients underwent a preoperative CT scan of the chest and
abdomen, pelvic MR], and endorectal ultrasound. All patients were preoperatively evaluated at a multidiscipli-
nary team (MDT) conference. Only patients scheduled for LAR with curative intention were considered eligible.

Intervention. LAR was performed with the principles for total mesorectal excision (TME). All anastomoses
were stapled and tested intraoperatively for leakage. Pelvic drainage was performed at the discretion of the sur-
geon. Enhanced Recovery After Surgery (ERAS) principles were not standardized in the centres.

On postoperative Day 7, all patients were scheduled for a CT scan of the abdomen with intravenous contrast
and a water-soluble rectal enema. Patients randomized and scheduled for early stoma reversal also underwent
preoperative endoscopy. Early stoma reversal was cancelled in case of suspicion of an AL at endoscopy and/or CT
scan and in the case of other complications or conditions considered absolute or relative contraindication for early
stoma reversal. The ileostomy reversal technique was not standardized and left to the discretion of the surgeon.

Outcomes. Complications were measured by the CCI'. The CCI is based on grading by the Clavien—Dindo
Classification and includes every complication that occurs after an intervention'®. The overall morbidity is
reflected on a scale from 0 (no complication) to 100 (death).

Ostomy-related complications were evaluated by dedicated ostomy staff using the validated DET score!?
assessing the severity and extent of peristomal skin damage in three areas—discolouration (D), erosion (E) and
tissue overgrowth (T)—at 3, 10, 17, 30, 60, 90, 180, and 240 days after stoma formation or until stoma reversal.
The Gastrointestinal Quality of Life Index (GIQLI) questionnaire*® was completed before surgery (baseline) and
at 6 and 12 months after LAR.

The following preoperative data were collected prospectively: sex, age, body mass index (BMI), smoking
habits, alcohol consumption, preoperative chemoradiation (CRT), and tumour height from the anal verge. Physi-
cal status was assessed by the American Society of Anesthesiologists (ASA) classification and World Health
Organization (WHO) performance status.

Perioperative data collected were the type of surgery (open, laparoscopic, robot-assisted, or laparoscopic
transanal total mesorectal excision), conversion to laparotomy, anastomotic height above the dentate line, number
of cross staples, blood loss and placement of the pelvic drain. Postoperative data on the TNM stage were obtained
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from the histology report. Any complications within 90 days after LAR and within 30 days after stoma reversal
were prospectively registered according to the Clavien—Dindo (CD) classification'® and summarized at the
individual level by the CCI'". Any anastomotic leakage was also categorized according to ISREC classification?'.
Data collected at ostomy reversal were the duration of surgery, intestinal resection, and conversion to laparotomy.

All data were entered prospectively into a Research Electronic Data Capture (REDCap) database hosted by
the Open Patient Data Explorative Network (OPEN). Surgical complications were registered by the surgeons,
and stoma-related complications according to the DET were registered by the stoma nurses.

Randomization. Patients were randomized either to the intervention group with early ostomy reversal
(intended 8-12 days after stoma creation) or to the control group with late reversal (>3 months). Randomiza-
tion was a computer-generated central 1:1 randomization and was performed before the index LAR operation.
Blinding of the intervention for the patient and surgeons was not possible.

Statistical analysis. Univariate analyses were performed on the individual complication types (intestinal
obstruction, AL, etc.) and on the overall complication rate. Fisher’s exact or chi-squared test was used to com-
pare the treatments, depending on the number of observations. Complications as a whole (CCI) were compared
between treatments by linear regression with bootstrapped standard errors.

Patient characteristics were summarized as frequencies and proportions (for categorical variables), as the
mean values *standard deviations for normally distributed continuous variables and as medians with quartiles
and minimum and maximum values for nonnormally distributed continuous variables. Categorical character-
istics were compared using Fisher’s exact test, and continuous characteristics were compared with the Wilcoxon
rank-sum test. The DET scores and GIQLI questionnaire were compared by mixed-effects linear regression,
considering the repeated measurements from the same patient by a random intercept. A P value <0.05 was
considered statistically significant. Statistical calculations were performed using Stata software (StataCorp 2017.
Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC).

Ethics and approvals. This study was performed in line with the principles of the Declaration of Helsinki.
Approval was granted from the Regional Scientific Ethical Committees of Southern Denmark (ID: S-20110026)
and the Danish Data Protection Agency (2008-58-0035). The ClinicalTrails.gov Identifier is NCT01865071 (First
Posted 30.05.2013). Written informed consent was obtained from all patients.

Results

Among a total of 257 eligible and consecutive patients, 214 patients were randomized: 107 patients to early stoma
reversal and 107 to late reversal. A total of 68 patients were excluded: abdomino-perienal rectum excision (29),
no stoma formation (28), withdrawal of consent (3), Hartmann’s procedure (2) and others (6). Thus, a total of
77 patients in the early reversal group and 69 patients in the late reversal group completed the study (Fig. 1).
Baseline demographics and surgical and clinicopathologic characteristics were comparable between the two
groups (Table 1).

In the group randomized to early stoma reversal, only 53 patients (69%) received the intended treatment.
Stoma reversal was postponed by 3 months in 20 patients due to AL (17 patients), stoma complications with
intestinal obstruction (2 patients), and other reasons (1 patient). Four patients did not have stoma reversal. Of
these, two died on postoperative Days 6 and 12 due to complications of AL, and another 2 ended up with divert-
ing loop ileostomy as a permanent stoma for other reasons.

In the late reversal group, 60 patients (87%) received the intended treatment. Eight patients underwent ear-
lier reversal due to ileus in seven and for an unknown reason in one. One patient ended up with diverting loop
ileostomy as a permanent stoma.

The total CCI (surgical + medical) within 30 days after stoma reversal in the early and late reversal groups was
7.58 and 6.66, respectively (P=0.716). The values for the 90-day CCI after LAR were 23.1 and 19.05 (P=0.361).
The severity and type of complications appear in Table 2. A total of 5 patients experienced AL after stoma reversal
at the colorectal anastomosis (all CD grade 3b), with four in the group randomized to early reversal and one
randomized to late reversal. In all 5 cases, the loop ileostomy stoma was reinserted.

The mean time from LAR to stoma reversal was 47 and 154 days in the early and late reversal groups, respec-
tively (P<0.001). In the stoma reversal procedure, there was no significant difference in the duration of surgery,
amount of bleeding, frequency of intestinal resection or laparotomy between the two groups (Table 3).

The overall mean DET score was higher in the late reversal group (0.63; 95% CI 0.08, 1.17; P=0.024).

No significant difference in quality of life was found at the 6- and 12-month follow-ups after LAR (Table 4).

Discussion
The present study showed no significant difference in postoperative complications after early or late reversal of
a diverting loop ileostomy as assessed by CCI within 30 days after stoma reversal and within 90 days after the
LAR. There were no differences in quality of life at the 6- or 12-month follow-up. Most importantly, a total of
5 patients developed clinical anastomotic leakage after stoma reversal, with four randomized to early reversal
and one randomized to late reversal. The patient who developed AL in the late reversal group underwent early
reversal due to stoma complications. In all 5 patients, postoperative CT scanning did not reveal any suspicion
of AL, which may indicate that early stoma reversal may induce AL.

The study also showed that early reversal was feasible in 69% of patients only and that more than 10% rand-
omized to late reversal underwent an earlier reversal primary due to stoma-related complications.
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Death (n=2) Other (n=1)
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Other (n=3)
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Lost to follow-up (n=0) Lost to follow-up (n=0)
Analysis

Analysed (n=77)

Analysed (n=69)

Figure 1. CONSORT flow diagram for enrolment, allocation and follow-up.

The major reason for not undergoing early reversal was anastomotic leakage demonstrated in 17 patients
(22%) at routine postoperative CT scanning and/or endoscopy. Four of these patients developed overt clini-
cal symptoms that needed intervention, and two of them died. In the remaining 13 patients, the leakage was
subclinical.

Seven of the nine previous RCTs showed that early closure was feasible, with similar complication profiles in
patients randomized after index surgery and without clinical, radiological, or endoscopic signs of AL”-'214, Sig-
nificantly fewer postoperative complications at early reversal have been reported in RCTs?, but two other studies
were terminated prematurely due to an increased risk of complications at early reversal>!*. The predefined time
to early closure varied from 8 to 30 days”®!®!!. Eight of the nine RCT studies used randomization after the index
procedure with inclusion of patients with an uneventful recovery, in good general condition, and with normal
rectal enema/computed tomography (CT) and/or endoscopy>®-'2. Two studies included both acute and elective
cases with different diseases and surgical procedures®'%. One study included a mixture of patients with benign
and malignant disease, with randomization before the index surgery’.

Theoretically, there may be several advantages to the early reversal of a diverting ileostomy, as it may relieve
ostomy-related complications. This was also demonstrated in our study, as some of the patients in the late reversal
group underwent early reversal due to stoma complications. Although stoma-related complications may seem less
severe than other surgical and medical complications, they can be bothersome, distressing, and embarrassing for
the patient. In the study by Danielsen et al.%, stoma-related complications were reported in 24% of the patients in
the early reversal group compared to 75% in the late reversal group. In a later publication with the same patient
material, they found no differences in quality of life between early and late reversal measured by the SF36 and
EORTC QLQ-C30 and QLQ-CR29 questionnaires. Another important issue may be health care costs in relation
to ostomy products and outpatient controls'®*?, but this was not an aim of our study.

The development of AL after early reversal in a significant number of patients in our study is a concern,
and it is problematic that neither CT scan nor endoscopy was able to demonstrate any leakage in the patient.
This might be true, although it is hard to believe that an early reversal on postoperative Days 8-12 may cause
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Randomized to early stoma reversal

Randomized to late stoma reversal

Characteristics N=77 N=69
Sex

Male 53 (69%) 52 (75%)
Female 24 (31%) 17 (25%)
Age (years, mean and SD) 66.3 (8.1) 64.5(9.1)
BMI (mean and SD) 26.0 (3.71) 27.2 (5.71)
ASA score

1 28 (36%) 27 (39%)
2 43 (56%) 36 (52%)
3 6 (8%) 6 (9%)
WHO performance status (PS)

PSO 62 (81%) 60 (90%)
PS1 10 (13%) 5(7%)
PS2 2(3%) 0 (0%)
Unknown 3 (4%) 3 (3%)
Smoker

No 59 (77%) 53 (79%)
Yes 15 (19%) 12 (18%)
Unknown 3 (4%) 2 (3%)
Alcohol abuse

No 61 (79%) 61 (88%)
Yes 11 (14%) 6 (9%)
Unknown 5 (6%) 2 (3%)
Cardiopulmonary disease

No 32 (42%) 37 (54%)
Yes 43 (56%) 31 (45%)
Unknown 2 (3%) 1 (1%)
Diabetes

No 63 (82%) 60 (87%)
Yes 10 (13%) 8 (12%)
Unknown 4 (5%) 1(1%)
Neurological disease

No 67 (87%) 65 (94%)
Yes 6 (8%) 3 (4%)
Unknown 4 (5%) 1(1%)
Tumour characteristics and neoadjuvant therapy

pT stage

TO 5(6%) 4(6%)
Tl 5 (6%) 2(3%)
T2 17 (22%) 25 (36%)
T3 48 (62%) 37 (54%)
T4 2 (3%) 1(1%)
PN stage

NO 38 (49%) 34 (49%)
N1 23 (30%) 19 (28%)
N2 14 (18%) 14 (20%)
Nx 2 (3%) 2 (3%)
cM stage

Mo 68 (89%) 64 (94%)
M1 8 (11%) 4 (6%)
Tumour height from anal verge (cm, mean and SD) 8.93(2.22) 8.97 (2.49)
Neoadjuvant treatment

None 56 (73%) 53 (77%)
Radiation 2 (3%) 2 (3%)
Radiation chemotherapy 12 (16%) 9 (13%)
Chemotherapy 7 (9%) 5(7%)

Surgical data from index operation

Continued
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Randomized to early stoma reversal | Randomized to late stoma reversal
Characteristics N=77 N=69
Operation time (min, mean and SD) 274 (71) 257 (70)
Bleeding (ml, mean and SD) 163 (203) 142 (147)
Anastomotic height from anal verge (cm, mean and SD) 4.55 (1.01) 4.64 (0.96)
Drain
No 40 (52%) 37 (54%)
Yes 32 (42%) 28 (41%)
Unknown 5(6%) 3 (4%)
Number of cross stapling
1 12 (16%) 10 (15%)
2 29 (38%) 22 (32%)
3 12 (16%) 14 (21%)
4 2 (3%) 1(1%)
5 1(1%) 0 (0%)
Unknown 21 (27%) 21 (31%)
Type of operation
Open 1(1%) 0 (0%)
Laparoscopic 36 (47%) 39 (57%)
converted 4 (5%) 2 (3%)
Robot assisted 27 (35%) 19 (27%)
converted 1(1%) 3 (4%)
Ta-TME 8 (11%) 6 (9%)

Table 1. Demographic and clinical characteristics of the included patients who underwent early or late
reversal of a diverting loop ileostomy after low anterior resection. BMI, Body mass index; ASA, American
Society of Anesthesiologists; pT, Pathological tumour stage; pN, Pathological lymph node stage; cM, Clinical
metastatic stage; Ta-TME, Transanal total mesorectal excision. *Maximal recommended limits of alcohol
intake (units per week): males= 14 and females =7 (Danish Health Authorities).

anastomotic dehiscence. Another problem in early versus late reversal might be the logistical problems of plan-
ning the “subacute” stoma reversal 8 days after the initial surgery.

Strengths and limitations. The present design with randomization prior to surgery is a strength because
it reduces the risk of patient selection and outlines the problems and shortcomings in early stoma reversal in sur-
gery for rectal cancer. Another strength is the intention-to-treat analysis. No blinding of the randomization for
patients, surgeons or medical staff at index surgery has an inherent bias with respect to decisions on the choice
and preference of surgical procedure.

An obvious limitation was the long inclusion period with the risk of changes in clinical practice over time.
Including only four centres is a strength, which ensures a more homogeneous treatment of patients throughout
the study period. The different surgical approaches (robotic, laparoscopic and transanal total mesorectal exci-
sion) are not considered a limitation because none of them has proven to be superior or inferior with respect to
postoperative complications**** or rates of conversions?®.

An important limitation might be the registration of postoperative complications. In those patients in the
late reversal group who underwent early reversal for various reasons, the postoperative complications of stoma
reversal were included in the 90-day complications. Stoma reversal occurred in only a minority of patients, with
few minor complications. This might explain the trend with a higher CCI in the late reversal group compared to
the early reversal group, but this difference might also be due to stoma-related complications.

Another important limitation or consideration might be the change in the primary outcome form complicate
rates to CCI. The design of the study remained otherwise unchanged, and the change probably decreased the
risk of a type 2 error.

Conclusions
The present study showed that the CCI score was similar after early or late reversal of a diverting ileostomy with
LAR for rectal cancer. A concern was the risk of developing anastomotic leakage after early reversal.

Scientific Reports|  (2023)13:5818 | https://doi.org/10.1038/s41598-023-33006-4 nature portfolio



www.nature.com/scientificreports/

Randomized to early reversal | Randomized to late reversal

Within 90 days after low anterior resection (LAR) N=77 N=69
Clavien—Dindo-classification (worst) N (%) N (%)
1 7 (9%) 5(7%)
2 8 (10%) 4(6%)
3a 8 (10%) 5(7%)
3b 15 (19%) 17 (25%)
4a 5 (6%) 2 (3%)
4b 0 (0%) 0 (0%)
5 2 (3%) 0 (0%)
Type of complication
Bleeding 4 (5%) 1(1%)
Fascial dehiscence 0 (0%) 0 (0%)
Ileus 20 (26%) 21 (30%)
Wound abscess 0(0%) 2 (3%)
Intraabdominal abscess 8 (10%) 6(9%)
Stoma complications 13 (17%) 14 (20%)
Leak (Clavien—Dindo-classification) 28 (36%) 14 (20%)
<3b 12 5
>3b 16 9
Leak (According to ISREC)
A 9 2
B 7 8
C 12 4
1
Other 3 (4%) 3 (4%)

Within 30 days after stoma reversal

Clavien—Dindo-classification (worst)

1 2 (3%) 0 (0%)
2 6 (8%) 3 (4%)
3a 0 (0%) 4 (6%)
3b 6 (8%) 4(6%)
4a 0 (0%) 1(1%)
Type of complication

Bleeding 4 (5%) 0 (0%)
Fascial dehiscence 3 (4%) 1(1%)
Tleus 6 (8%) 2 (3%)
Leakage (Colorectal anastomosis) 4 (5%) 1 (1%)

(Clavien—Dindo-classification)

<3b 0 0
>3b 4 1
Leak (According to ISREC)
A 0 0
B 0 0
C 4 1
Other 4 (5%) 4 (6%)

Table 2. Severity and type of postoperative complications in the two groups. A patient may have more than
one complication.
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Fate of ileostomy Early reversal group | Late reversal group
Never closed 4 1

Closed 73 68

Time with ileostomy (days, mean and 95% CI) € 47 (30-63) 154 (130-178)
Operation time (min, mean and 95% CI) 69 (61-77) 63 (57-69)
Bleeding (ml, mean and 95% CI) 52 (21-83) 31 (17-46)
Intestinal resection

No 32 (44%) 32 (47%)

Yes 39 (54%) 35 (52%)
Unknown 2 (1%) 1(1%)
Laparotomy

Yes 10 (14%) 6 (9%)

No 61 (84%) 62 (91%)
Unknown 2 (3%) 0 (0%)

Table 3. Fate of the loop ileostomy, time to stoma reversal and surgical procedure at reversal in the two
groups. €, missing data; 4 in the early group and 1 in the late group; CI, 95% Confidence Interval.

Time point | Completed | Mean (SD)

Early reversal Late reversal
N=77 N=69

Completed | Mean (SD)

Baseline 50

107.06 (13.65) | 44 105.23 (12.86)

6 months 54

106.07 (13.44) | 46 101.00 (14.12)

12 months 53

107.09 (14.34) |53 105.21 (10.95)

Table 4. Quality of life at baseline and at 6 and 12 months after low anterior resection. SD, standard deviation.

Data availability

Anonymized raw data can be provided on request from the first author by email.

Received: 11 October 2022; Accepted: 5 April 2023
Published online: 10 April 2023

References

1.

Gu, W. & Wu, S. Meta-analysis of defunctioning stoma in low anterior resection with total mesorectal excision for rectal cancer.
Evidencebased on thirteen studies. World J. Surg. Oncol. 13, 9. https://doi.org/10.1186/5s12957-014-0417-1 (2015).

2. Chow, A. et al. The morbidity surrounding reversal of defunctioning ileostomies: A systematic review of 48 studies including 6107
cases. Int. J. Colorectal. Dis. 24, 711-723 (2009).

3. Gessler, B., Haglind, E. & Angenete, E. Loop ileostomies in colorectal cancer patients. Morbidity and risk factors for nonreversal.
J. Surg. Res. 178, 708-714 (2012).

4. Sier, M. E et al. Factors affecting timing of closure and non-reversal of temporary ileostomies. Int. J. Colorectal. Dis. 30,1185-1192
(2015).

5. Bausys, A. et al. Early versus standard closure of temporary ileostomy in patients with rectal cancer: A randomized controlled
trial. J. Surg. Oncol. 120, 294-299 (2019).

6. David, G. G. et al. Loop ileostomy following anterior resection. Is it really temporary?. Colorectal. Dis. 12, 428-432 (2010).

7. Alves, A. et al. Randomized clinical trial of early versus delayed temporary stoma closure after proctectomy. Br. J. Surg. 95, 693-698
(2008).

8. Danielsen, A. K. et al. Early closure of a temporary ileostomy in patients with rectal cancer. A multicenter randomized controlled
trial. Ann. Surg. 265, 284-290 (2017).

9. Nelson, T. et al. Early versus conventional stoma closure following bowel surgery. A randomized controlled trial. Saudi J. Gastro-
enterol. 24, 52-58 (2018).

10. Klek, S. et al. Early closure of the protective ileostomy after rectal resection should become part of the Enhanced Recovery After
Surgery (ERAS) protocol: A randomized, prospective, two-center clinical trial. Wideochir Inne Tech. Maloinwazyjne 13, 435-441
(2018).

11. Lasithiotakis, K., Aghahoseini, A. & Alexander, D. Is early reversal of defunctioning ileostomy a shorter, easier and less expensive
operation?. World J. Surg. 40, 1737-1740 (2016).

12. Shah, N. A. et al. Experience with early versus routine enteric stoma closures. A comparative study. J. Postgrad. Med. Inst. 30,
360-363 (2016).

13. Elsner, A. T. et al. Closure of temporary ileostomy 2 versus 12 weeks after rectal resection for cancer: A word of caution from a
prospective, randomized controlled multicenter trial. Dis. Colon Rectum 64, 1398-1406 (2021).

14. Gallyamov, E. A. et al. Early ileostomy closure in patients with rectal cancer. Primary results of the randomised controlled multi-
center trial. Khirurgiia (Mosk) 6, 35-40 (2019).

15. Guo, Y. et al. Early versus routine stoma closure in patients with colorectal resection: A meta-analysis of 7 randomized controlled

trials. Surg. Innov. 27, 291-298 (2020).

Scientific Reports |

(2023) 13:5818 |

https://doi.org/10.1038/s41598-023-33006-4 nature portfolio


https://doi.org/10.1186/s12957-014-0417-1

www.nature.com/scientificreports/

16. Podda, M. et al. Early versus delayed defunctioning ileostomy closure after low anterior resection for rectal cancer: a meta-analysis
and trial sequential analysis of safety and functional outcomes. Int. J. Colorectal. Dis. 37, 737-756 (2022).

17. Slankamenac, K. et al. The comprehensive complication index. A novel and more sensitive endpoint for assessing outcome and
reducing sample size in randomized controlled trials. Ann. Surg. 260, 757-762 (2014).

18. Dindo, D., Demartines, N. & Clavien, P. A. Classification of surgical complications. A new proposal with evaluation in a cohort
of 6336 patients and results of a survey. Ann. Surg. 240, 205-213 (2004).

19. Martins, L. et al. The ostomy skin tool. Tracking peristomal skin changes. Br. J. Nurs. 19(960), 32-44 (2010).

20. Eypasch, E. et al. Gastrointestinal quality of life index. Development, validation and application of a new instrument. Br. J. Surg.
82, 216-222 (1995).

21. Rahbari, N. N. et al. Definition and grading of anastomotic leakage following anterior resection of the rectum: A proposal by the
International Study Group of Rectal Cancer. Surgery 147(3), 339-351 (2010).

22. Park, ]. et al. Cost analysis in a randomized trial of early closure of a temporary ileostomy after rectal resection for cancer (EASY
trial). Surg. Endosc. 34, 69-76 (2020).

23. Bonjer, H. J. et al. A randomized trial of laparoscopic versus open surgery for rectal cancer. N. Engl. . Med. 372, 1324-1332 (2015).

24. Penna, M. et al. Incidence and risk factors for anastomotic failure in 1594 patiewnts treated by transanal total mesorectal excison.
Results from the international TaTME registry. Ann. Surg. 269, 700-711 (2019).

25. Jayne, D. et al. Effect of robotic assisted vs conventional laparoscopic surgery on risk of conversion to open laparotomy among
patients undergoing resection for rectal cancer. The ROLARR randomized clinical trial. JAMA 318, 1569-1580 (2017).

Author contributions

Project idea and project initiation: M.B.E., S.M., N.Q. Project execution: M.B.E., SX.P, S.S,, S.K,, ] K., ].C.B,,
J.S., N.Q. Data entry: M.B.E,, S.K.P, S.S,, S.K, J.K,, S.M. Statistical analysis: M.B.E., S.M. Writing manuscript:
MBE, SKUP,S.S, SK,JK,SM.,J.CB.,,]JS., N.Q. Approved final manuscript: MBE, SKP, SS, S.K., J.K., S.M.,
J.C.B.,].S., N.Q.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.B.E.

Reprints and permissions information is available at www.nature.com/reprints.

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

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/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:5818 | https://doi.org/10.1038/s41598-023-33006-4 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Early versus late reversal of diverting loop ileostomy in rectal cancer surgery: a multicentre randomized controlled trial
	Materials and methods
	Study design. 
	Important changes to methods after trial commencement. 
	Participants. 
	Intervention. 
	Outcomes. 
	Randomization. 
	Statistical analysis. 
	Ethics and approvals. 

	Results
	Discussion
	Strengths and limitations. 

	Conclusions
	References


