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Background: Data on stoma reversal following restorative rectal resection (RRR) with a diverting stoma
are conflicting. This study investigated a Danish population-based cohort of patients undergoing RRR to
evaluate factors predictive of stoma reversal during 3 years of follow-up.
Methods: Patients from national registries with rectal cancer undergoing RRR or Hartmann’s procedure
with curative intent between May 2001 and April 2012 were included. Patients with a diverting stoma were
followed from the time of primary rectal cancer resection to date of stoma reversal, death, emigration, or
end of 3-year follow-up. The cumulative incidence proportion (CIP) of stoma reversal at 1 and 3 years was
calculated, treating death as a competing risk. Factors predictive of stoma reversal were explored using
Cox regression analysis.
Results: Of 6859 patients included, 35⋅7, 41⋅9 and 22⋅4 per cent respectively had a RRR with a diverting
stoma, RRR without a stoma, and Hartmann’s procedure with an end-colostomy. In patients with a
diverting stoma, the CIP of stoma reversal was 70⋅3 (95 per cent c.i. 68⋅4 to 72⋅1) per cent after 1 year,
and 74⋅3 (72⋅5 to 76⋅0) per cent after 3 years. Neoadjuvant treatment (hazard ratio (HR) 0⋅75, 95 per cent
c.i. 0⋅66 to 0⋅85), blood loss greater than 300 ml (HR 0⋅86, 0⋅76 to 0⋅97), anastomotic leak (HR 0⋅41, 0⋅33
to 0⋅50), T3 category (HR 0⋅63, 0⋅47 to 0⋅83), T4 category (HR 0⋅62, 0⋅42 to 0⋅90) and UICC stage IV
(HR 0⋅57, 0⋅41 to 0⋅80) were possible predictors of delayed stoma reversal.
Conclusion: In one-quarter of the patients the diverting stoma had not been reversed 3 years after the
intended RRR procedure.
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Introduction

In rectal cancer surgery, diverting stomas are created pri-
marily to reduce the consequences of a possible anasto-
motic leak1–6. Danish guidelines recommend a diverting
stoma along with total mesorectal excision (TME) for the
surgical treatment of mid and distal rectal cancer (tumour
located 0–10 cm from the anal verge). A diverting stoma,
however, is not created routinely as part of partial mesorec-
tal excision (PME) for upper rectal cancer7.

Diverting stomas are usually reversed after 3 months, and
possibly even earlier in selected patients with an uneventful
postoperative course8. For patients in need of postopera-
tive oncological treatment, however, stoma reversal can be
postponed8.

Unfortunately, not all patients undergo reversion of the
stoma after surgery. The risk of non-reversal after rectal
resection with an intended temporary diverting stoma
varies between 3 and 32 per cent after 1⋅5–7⋅1 years9–19.
Current literature9–19 suggests a median time to reversal of
1⋅5–5⋅1 years. The consequences of non-reversal may be
grave. Stoma-related complications, ranging from minor
inconvenience (such as leakage from the appliance and
skin rash) to major disabilities (for instance, dehydration
and electrolyte imbalance owing to a high stoma output,
parastomal hernia and stoma prolapse), are common6, and
may be associated with restriction in social activities and
reduced quality of life10,15,20,21.

Many studies have been conducted in a regional
setting11–18; therefore, a nationwide registry-based cohort

© 2020 The Authors. BJS Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd BJS Open 2020; 4: 1162–1171
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

https://orcid.org/0000-0002-9893-2425


Stoma reversal after restorative rectal resection 1163

study of patients with rectal cancer, managed according to
modern treatment regimens, may be important to have a
clear picture of current clinical practice.

The primary aim of this study was to estimate the rever-
sal rate for diverting stoma among patients undergoing
rectal resection. Secondary aims included determining the
characteristics of patients undergoing restorative rectal
resection (RRR) and Hartmann’s procedure, estimating
the proportion of patients receiving a stoma, and exploring
the predictors of diverting stoma reversal.

Methods

This population-based nationwide cohort study was
approved by the National Board of Health (reference 3-
3013-1272/1/), the Scientific Committee of the Dan-
ish Colorectal Cancer Group (DCCG) and the Danish
Data Protection Agency (reference 2007-58-0010). The
study was conducted in the setting of the entire Danish
population22. The National Health Service in Denmark
provides universal, tax-supported healthcare to all citizens,
guaranteeing free access to general practitioners and public
hospitals23.

Data retrieved included clinical and demographic
details, co-morbidities, ASA grade, tumour characteris-
tics (distance from anal verge), neoadjuvant treatment,

pathological status, surgical procedures and approach,
blood loss, postoperative anastomotic leakage and death
within 3 years of the index surgical procedure.

Data sources

Data were obtained from three registries: the DCCG
database, Civil Registration System (CRS) and the Danish
National Registry of Patients (DNRP).

Since May 2001, the DCCG database has been record-
ing information on all patients with colorectal cancer with
a completeness of 96–99 per cent24. The purpose of the
database is to ensure uniform quality in the diagnosis and
treatment of colorectal cancer in Denmark. All surgical
departments across Denmark report prospectively on diag-
nostic staging, treatment and postoperative complications
(occurring within 30 days of surgery)24. For this study, the
DCCG database was used to identify the study cohort, as
described below.

Since 1968, the Danish CRS has assigned a unique
ten-digit personal identification number (CPR number) to
every resident in Denmark. The registry maintains infor-
mation on date of birth, death, sex, residence and vital sta-
tus. The civil registration number permits linkage within
the healthcare system and among registries in Denmark25.

Finally, the DNRP has maintained records on all
non-psychiatric hospital admissions in Denmark since

Fig. 1 Flow diagram of 15 303 patients with first-time rectal cancer diagnosed between 1 May 2001 and 30 April 2012, and treated at 21
hospitals in Denmark

Registrated patients with rectal
cancer in Denmark between

1 May 2001 and 30 April 2012
n= 15 303

Intended RRR
or Hartmann’s operation

n= 6859

Hartmann’s operation
with formation of end

colostomy
n= 1534

Intended RRR
with no diverting stoma

n= 2876

Intended RRR
with diverting stoma

n= 2449

Excluded n= 8444
 No surgery n= 2568
 Surgical procedures other than intended
 RRR or Hartmann’s operation n= 3753
 Emigration before follow-up n= 45
 Surgery outside inclusion period n= 567
 Palliative surgery n= 1272
 No procedure registrated in DNRP n= 239

RRR, restorative rectal resection; DNRP, Danish National Registry of Patients.
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Table 1 Characteristics of 6859 patients who had intended restorative rectal resection or Hartmann’s operation in Denmark, 2001–2012

Rectal resection
with diverting

stoma (n = 2449)

Rectal resection
with no stoma

(n = 2876)

Hartmann
operation
(n = 1534)

Period of surgery
May 2001 to December 2004 677 (29⋅7) 979 (43⋅0) 620 (27⋅2)

January 2005 to December 2008 865 (35⋅4) 1090 (44⋅6) 490 (20⋅0)

January 2009 to April 2012 907 (42⋅4) 807 (37⋅7) 424 (19⋅8)

Age (years)* 65 (20–91) 67 (29–97) 75 (28–94)

Sex
M 1551 (63⋅3) 1571 (54⋅6) 943 (61⋅5)

F 898 (36⋅7) 1305 (45⋅4) 591 (38⋅5)

BMI (kg/m2)
0–19 101 (4⋅1) 155 (5⋅4) 109 (7⋅1)

20–24 853 (34⋅8) 1017 (35⋅4) 447 (29⋅1)

25–29 781 (31⋅9) 878 (30⋅5) 339 (22⋅1)

≥30 277 (11⋅3) 296 (10⋅3) 157 (10⋅2)

Missing 437 (17⋅8) 530 (18⋅4) 482 (31⋅4)

Charlson Co-morbidity Index score
0 2079 (84⋅9) 2390 (83⋅1) 1082 (70⋅5)

1–2 327 (13⋅4) 424 (14⋅7) 363 (23⋅7)

≥3 43 (1⋅8) 62 (2⋅2) 89 (5⋅8)

ASA grade
I 745 (30⋅4) 903 (31⋅4) 178 (11⋅6)

II 1402 (57⋅2) 1567 (54⋅5) 789 (51⋅4)

III 250 (10⋅2) 332 (11⋅5) 466 (30⋅4)

IV 5 (0⋅2) 22 (0⋅8) 52 (3⋅4)

Missing 47 (1⋅9) 52 (1⋅8) 49 (3⋅2)

Distance of primary tumour (lower edge) from anal verge (cm)
0–5 207 (8⋅5) 87 (3⋅0) 173 (11⋅3)

6–10 1515 (61⋅9) 824 (28⋅7) 823 (53⋅7)

11–15 704 (28⋅7) 1924 (66⋅9) 495 (32⋅3)

Missing 23 (0⋅9) 41 (1⋅4) 43 (2⋅8)

Neoadjuvant (chemo)radiotherapy 719 (29⋅4) 274 (9⋅5) 373 (24⋅3)

Surgical approach
Laparotomy† 1887 (77⋅1) 2133 (74⋅2) 1277 (83⋅2)

Laparoscopy 562 (22⋅9) 743 (25⋅8) 256 (16⋅7)

Missing 0 (0) 0 (0) 1 (0⋅1)

Intraoperative blood loss (ml)
0–300 1212 (49⋅5) 1364 (47⋅4) 536 (34⋅9)

>300 1207 (49⋅3) 1443 (50⋅2) 943 (61⋅5)

Missing 30 (1⋅2) 69 (2⋅4) 55 (3⋅6)

Anastomotic leak 286 (11⋅7) 373 (13⋅0) n.a.

(y)pT category
T1 203 (8⋅3) 187 (6⋅5) 46 (3⋅0)

T2 528 (21⋅6) 467 (16⋅2) 259 (16⋅9)

T3 1316 (53⋅7) 1571 (54⋅6) 734 (47⋅9)

T4 97 (4⋅0) 193 (6⋅7) 208 (13⋅6)

Missing 305 (12⋅5) 458 (15⋅9) 287 (18⋅7)

UICC stage
I 655 (26⋅7) 613 (21⋅3) 283 (18⋅4)

II 763 (31⋅2) 1013 (35⋅2) 526 (34⋅3)

III 839 (34⋅3) 943 (32⋅8) 430 (28⋅0)

IV‡ 175 (7⋅1) 277 (9⋅6) 270 (17⋅6)

Missing 17 (0⋅7) 30 (1⋅0) 25 (1⋅6)

Death within 3 years of surgery 394 (16⋅1) 551 (19⋅2) 661 (43⋅1)

Values in parentheses are percentages unless indicated otherwise; *values are median (range). †Includes intended laparoscopic surgery but converted to
open surgery. ‡Patients with UICC stage IV rectal cancer had treatment of distant metastasis with curative intent together with intended restorative rectal
resection or Hartmann’s operation during either the index procedure or an independent procedure done close to the index procedure. n.a., Not applicable.
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Fig. 2 Cumulative incidence of stoma reversal during 3 years of
follow-up
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The cumulative incidence proportion was calculated with death treated as
a competing risk.

1977. These include information on hospital diagnoses
and procedures26. Data are collected for administrative
purposes unrelated to research objectives. For instance,
these data include the CPR number, dates of admission
and discharge, and up to 20 discharge diagnoses, coded by
physicians according to ICD-10 from 1993 and onwards27.
Since 1 January 1996, registration of surgical procedures
in Denmark has been classified according to the Nordic
Medico-Statistical Committee (NOMESCO) classifica-
tion of surgical procedures. DCCG and DNRP data were
linked to obtain information on surgical events (stoma
reversal) during follow-up.

Study cohort

Patients diagnosed with rectal adenocarcinoma (located
15 cm or less from the anal verge), who underwent
intended restorative rectal resection (TME, PME) or
Hartmann’s procedure with curative intent between 1
May 2001 and 30 April 2012, were identified from the
DCCG database. Patients were excluded if they had sur-
gical procedures other than intended RRR or Hartmann’s
operation, emigrated before the start of follow-up, had
palliative surgery, or had no registration of any surgical
procedure in the DNRP despite registration in the DCCG
database.

National guidelines7 recommend neoadjuvant long-
course (chemo)radiotherapy (CRT) (50 Gy in 25–28
fractions combined with 5-fluorouracil) in patients with
locally advanced rectal cancer. Alternatively, short-course
radiotherapy can be offered in some situations. Intended
RRR and Hartmann’s operation, performed as mesorectal

excision, were done 8–10 weeks after completion of CRT.
Short-course radiotherapy with immediate surgery is
not performed routinely in Denmark. All other patients
underwent direct intended RRR or Hartmann’s proce-
dure. Selected patients with UICC stage II rectal cancer
were offered 6 months of adjuvant chemotherapy, as were
patients with UICC stage III disease who had not received
neoadjuvant CRT7.

Stoma reversal

Patients who underwent intended RRR with a divert-
ing stoma were followed from the time of primary
rectal cancer resection (index operation) to the date
of stoma reversal (study endpoint), death, emigration
or end of the 3-year follow-up. Information on stoma
status (reversal or non-reversal of the diverting stoma)
during follow-up was obtained via the DNRP, retriev-
ing surgical procedure codes indicating stoma reversal
according to the NOMESCO classification of surgical
procedures.

The medical records of 9 per cent of patients who had
a diverting stoma at the index operation were reviewed
systemically to validate the stoma status as retrieved from
the DNRP. Deviations from stoma status as retrieved from
the DNRP were registered.

Statistical analysis

Patients were characterized according to rectal resection
procedure (diverting stoma, no stoma, and Hartmann’s
procedure), year of index operation and demographic
details.

The cumulative incidence proportion (CIP) of stoma
reversal at 1 and 3 years after rectal cancer surgery was cal-
culated overall and for various patient- and disease-related
factors, treating death as a competing risk.

A Cox proportional hazards regression model was used
to explore potential predictive factors for stoma reversal:
period of surgery, age at operation, sex, BMI, Charlson
Co-morbidity Index (CCI) score, ASA grade, distance of
primary tumour (lower edge) from anal verge (catego-
rized as low (0–5 cm) versus mid/high (6–10/11–15 cm)),
use of neoadjuvant CRT, surgical approach, intraoper-
ative blood loss, anastomotic leakage, (y)pT category
(according to T category) and UICC stage. Univariable
and multivariable analyses were performed; multivari-
able analysis included all potential predictors for stoma
reversal.

Stata® version 12.0 (StataCorp, College Station, Texas,
USA) was used for statistical analysis.
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Table 2 Cumulative incidence proportions at 1 and 3 years for stoma reversal in patients who had intended restorative rectal cancer
resection with diverting stoma in Denmark, 2001–2012

Cumulative incidence proportion†‡

Patients with rectal
resection and diverting stoma* 1 year 3 years

Overall 2449 0⋅70 (0⋅68, 0⋅72) 0⋅74 (0⋅73, 0⋅76)

Period of surgery

May 2001 to December 2004 677 (27⋅6) 0⋅68 (0⋅65, 0⋅72) 0⋅71 (0⋅67, 0⋅74)

January 2005 to December 2008 865 (35⋅3) 0⋅69 (0⋅66, 0⋅72) 0⋅74 (0⋅70, 0⋅76)

January 2009 to April 2012 907 (37⋅0) 0⋅73 (0⋅70, 0⋅76) 0⋅78 (0⋅75, 0⋅80)

Age (years)

≤65 1240 (50⋅6) 0⋅73 (0⋅70, 0⋅75) 0⋅77 (0⋅74, 0⋅79)

>65 1209 (49⋅4) 0⋅68 (0⋅65, 0⋅71) 0⋅72 (0⋅69, 0⋅74)

Sex

M 1551 (63⋅3) 0⋅72 (0⋅69, 0⋅75) 0⋅75 (0⋅72, 0⋅78)

F 898 (36⋅7) 0⋅69 (0⋅67, 0⋅72) 0⋅74 (0⋅71, 0⋅76)

BMI (kg/m2)

0–19 101 (4⋅1) 0⋅64 (0⋅54, 0⋅73) 0⋅65 (0⋅55, 0⋅74)

20–24 853 (34⋅8) 0⋅72 (0⋅68, 0⋅75) 0⋅75 (0⋅72, 0⋅78)

25–29 781 (31⋅9) 0⋅74 (0⋅71, 0⋅77) 0⋅78 (0⋅75, 0⋅81)

≥30 277 (11⋅3) 0⋅70 (0⋅64, 0⋅75) 0⋅73 (0⋅68, 0⋅78)

Missing 437 (17⋅8) – –

Charlson Co-morbidity Index score

0 2079 (84⋅9) 0⋅71 (0⋅69, 0⋅73) 0⋅75 (0⋅73, 0⋅77)

1–2 327 (13⋅4) 0⋅66 (0⋅61, 0⋅71) 0⋅70 (0⋅64, 0⋅73)

≥3 43 (1⋅8) 0⋅58 (0⋅42, 0⋅71) 0⋅60 (0⋅44, 0⋅73)

ASA grade

I 745 (30⋅4) 0⋅75 (0⋅71, 0⋅77) 0⋅78 (0⋅75, 0⋅81)

II 1402 (57⋅2) 0⋅70 (0⋅67, 0⋅72) 0⋅74 (0⋅71, 0⋅76)

III–IV 255 (10⋅4) 0⋅60 (0⋅54, 0⋅66) 0⋅64 (0⋅58, 0⋅69)

Missing 47 (1⋅9) – –

Distance of primary tumour (lower edge) from anal verge (cm)§
0–5 207 (8⋅5) 0⋅63 (0⋅56, 0⋅69) 0⋅68 (0⋅61, 0⋅74)

6–10 1 515 (61⋅9) 0⋅70 (0⋅68, 0⋅73) 0⋅74 (0⋅72, 0⋅76)

11–15 704 (28⋅7) 0⋅72 (0⋅69, 0⋅75) 0⋅76 (0⋅73, 0⋅79)

Missing 23 (0⋅9) – –

Neoadjuvant (chemo)radiotherapy

No 1730 (70⋅6) 0⋅73 (0⋅71, 0⋅75) 0⋅77 (0⋅75, 0⋅79)

Yes 719 (29⋅4) 0⋅64 (0⋅60, 0⋅67) 0⋅68 (0⋅64, 0⋅71)

Surgical approach

Laparotomy 1887 (77⋅1) 0⋅71 (0⋅67, 0⋅73) 0⋅76 (0⋅72, 0⋅79)

Laparoscopy 562 (22⋅9) 0⋅70 (0⋅68, 0⋅72) 0⋅74 (0⋅72, 0⋅76)

Intraoperative blood loss (ml)

0–300 1212 (49⋅5) 0⋅75 (0⋅72, 0⋅77) 0⋅79 (0⋅76, 0⋅81)

>300 1207 (49⋅3) 0⋅66 (0⋅63, 0⋅69) 0⋅70 (0⋅67, 0⋅73)

Missing 30 (1⋅2) – –

Anastomotic leak

No 2162 (88⋅3) 0⋅75 (0⋅73, 0⋅77) 0⋅78 (0⋅76, 0⋅80)

Yes 286 (11⋅7) 0⋅33 (0⋅29, 0⋅38) 0⋅45 (0⋅39, 0⋅51)

Missing 1 (0⋅0) – –

(y)pT category

T1 203 (8⋅3) 0⋅80 (0⋅74, 0⋅85) 0⋅83 (0⋅77, 0⋅88)

T2 528 (21⋅6) 0⋅75 (0⋅71, 0⋅78) 0⋅79 (0⋅75, 0⋅82)
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Table 2 Continued

Cumulative incidence proportion†‡

Patients with rectal
resection and diverting stoma* 1 year 3 years

T3 1316 (53⋅7) 0⋅68 (0⋅65, 0⋅71) 0⋅73 (0⋅70, 0⋅75)

T4 97 (4⋅0) 0⋅61 (0⋅50, 0⋅70) 0⋅66 (0⋅56, 0⋅74)

Missing 305 (12⋅5) – –

UICC stage

I 655 (26⋅7) 0⋅77 (0⋅74, 0⋅80) 0⋅80 (0⋅77, 0⋅83)

II 763 (31⋅2) 0⋅74 (0⋅71, 0⋅77) 0⋅77 (0⋅73, 0⋅79)

III 839 (34⋅3) 0⋅66 (0⋅63, 0⋅69) 0⋅71 (0⋅68, 0⋅74)

IV 175 (7⋅1) 0⋅50 (0⋅42, 0⋅57) 0⋅57 (0⋅50, 0⋅64)

Missing 17 (0⋅7) – –

Values in parentheses are *percentages and †95 per cent confidence intervals. ‡Calculated treating death as a competing risk. §Measured by rigid
proctoscopy.

Results

Between 1 May 2001 and 30 April 2012, 15 303 patients
with first-time rectal cancer were treated at 21 hospi-
tals in Denmark. Some 6859 of these patients under-
went intended RRR or Hartmann’s procedure with curative
intent, and comprised the study cohort. Selection of the
study cohort is detailed in Fig. 1.

The proportion of patients undergoing intended RRR
with a diverting stoma generally increased over the study
period, from 29⋅7 to 42⋅4 per cent between 2001–2004
and 2009–2012 (Table 1). In comparison, the proportion
that had either RRR with no diverting stoma or Hart-
mann’s procedure diminished gradually over the study
interval.

Patients who had RRR with formation of a diverting
stoma and patients without a stoma were comparable
with respect to age, BMI, co-morbidity, T category,
UICC stage, surgical approach and anastomotic leak
rate (Table 1). However, male sex, tumour location in the
lower or mid rectum, use of neoadjuvant CRT and higher
blood loss were more common in patients with a divert-
ing stoma than in those without. Demographics, tumour
characteristics and treatment regimens are summarized
in Table 1.

A total of 225 medical records were reviewed to validate
stoma status at 3-year follow-up. Discrepancies were found
for seven patients (3⋅1 (95 per cent c.i. 0⋅8 to 5⋅4) per cent)
in comparison with their register-based status. Discrep-
ancies were due to incorrect NOMESCO registration of
stoma reversal during follow-up (both missing registration
of reversal and registration of reversal never mentioned
in medical records) or incorrect registration of the CPR
number.

Cumulative incidence proportion of stoma reversal

The CIP of diverting stoma reversal was 0⋅70 (95 per cent
c.i. 0⋅68 to 0⋅72) after 1 year and 0⋅74 (0⋅73 to 0⋅76) after
3 years (Fig. 2 and Table 2). Median time to stoma reversal
was 173⋅0 (range 1–1075) days.

Patients with an ASA grade above II, neoadjuvant CRT,
blood loss greater than 300 ml, anastomotic leakage, T cat-
egory above T2 and UICC stage greater than II had a par-
ticularly low CIP of stoma reversal at 1 year after the index
operation (Table 2). Similarly, at 3 years after the index
operation, patients aged above 65 years (CIP 0⋅72, 95 per
cent c.i. 0⋅69 to 0⋅74), with ASA grade above II (CIP 0⋅64,
0⋅58 to 0⋅69), neoadjuvant CRT (CIP 0⋅68, 0⋅64 to 0⋅71),
blood loss greater than 300 ml (CIP 0⋅70, 0⋅67 to 0⋅73),
anastomotic leakage (CIP 0⋅45, 0⋅39 to 0⋅51), T3 category
(CIP 0⋅73, 0⋅70 to 0⋅75) or T4 (CIP 0⋅66, 0⋅56 to 0⋅74), and
UICC stage III (CIP 0⋅71, 0⋅68 to 0⋅74) or IV (CIP 0⋅57,
0⋅50 to 0⋅64) had particularly low CIP values (Table 2).

Patients with UICC stage I disease had the highest CIP
of stoma reversal at 3 years after the index operation (0⋅80).
Patients with anastomotic leakage had the lowest CIP of
stoma reversal at 3 years after the index operation (0⋅45).

Factors predictive of delay in stoma reversal

Higher ASA grade (II and III–IV), neoadjuvant CRT,
blood loss greater than 300 ml, anastomotic leakage,
advanced T category (T2, T3 and T4) and more advanced
UICC stage (II, III and IV) were associated with a risk
of delay in time to stoma reversal in univariable analysis
(Table 3).

In multivariable analysis, neoadjuvant CRT (hazard ratio
(HR) 0⋅75, 95 per cent c.i. 0⋅66 to 0⋅85), blood loss greater
than 300 ml (HR 0⋅86, 0⋅76 to 0⋅97), anastomotic leakage
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Table 3 Crude and adjusted hazard ratios (0–3 years) to determine factors predictive of delay in stoma reversal in patients who had
intended restorative rectal cancer resection with diverting stoma in Denmark, 2001–2012

Hazard ratio*

No. of subjects (n = 2449) Crude† Adjusted‡

Period of surgery

May 2001 to December 2004 677 (27⋅6) 1⋅00 (reference) 1⋅00 (reference)

January 2005 to December 2008 865 (35⋅3) 0⋅96 (0⋅85, 1⋅08) 1⋅08 (0⋅91, 1⋅28)

January 2009 to April 2012 907 (37⋅0) 1⋅01 (0⋅90, 1⋅13) 1⋅07 (0⋅90, 1⋅28)

Age (years)

≤65 1240 (50⋅6) 1⋅00 (reference) 1⋅00 (reference)

>65 1209 (49⋅4) 0⋅95 (0⋅87, 1⋅04) 0⋅92 (0⋅82, 1⋅03)

Sex

M 1551 (63⋅3) 0⋅98 (0⋅89, 1⋅08) 1⋅05 (0⋅94, 1⋅19)

F 898 (36⋅7) 1⋅00 (reference) 1⋅00 (reference)

BMI (kg/m2)

0–19 101 (4⋅1) 1⋅00 (reference) 1⋅00 (reference)

20–24 853 (34⋅8) 1⋅13 (0⋅87, 1⋅45) 1⋅12 (0⋅84, 1⋅49)

25–29 781 (31⋅9) 1⋅17 (0⋅91, 1⋅51) 1⋅17 (0⋅87, 1⋅56)

≥30 277 (11⋅3) 1⋅06 (0⋅80, 1⋅39) 1⋅08 (0⋅79, 1⋅48)

Missing 437 (17⋅8) – –

Charlson Co-morbidity Index score

0 2079 (84⋅9) 1⋅00 (reference) 1⋅00 (reference)

1–2 327 (13⋅4) 0⋅93 (0⋅81, 1⋅07) 0⋅99 (0⋅84, 1⋅17)

≥3 43 (1⋅8) 0⋅82 (0⋅56, 1⋅21) 0⋅77 (0⋅49, 1⋅20)

ASA grade

I 745 (30⋅4) 1⋅00 (reference) 1⋅00 (reference)

II 1402 (57⋅2) 0⋅87 (0⋅79, 0⋅96) 0⋅91 (0⋅80, 1⋅03)

III–IV 255 (10⋅4) 0⋅75 (0⋅63, 0⋅89) 0⋅82 (0⋅65, 1⋅02)

Missing 47 (1⋅9) – –

Distance of primary tumour (lower edge) from anal verge (cm)

0–5 207 (8⋅5) 0⋅84 (0⋅69, 1⋅01) 0⋅84 (0⋅66, 1⋅06)

6–10 1515 (61⋅9) 1⋅03 (0⋅93, 1⋅14) 1⋅11 (0⋅97, 1⋅26)

11–15 704 (28⋅7) 1⋅00 (reference) 1⋅00 (reference)

Missing 23 (0⋅9) – –

Neoadjuvant (chemo)radiotherapy

No 719 (29⋅4) 0⋅76 (0⋅69, 0⋅85) 0⋅75 (0⋅66, 0⋅85)

Yes 1730 (70⋅6) 1⋅00 (reference) 1⋅00 (reference)

Surgical approach

Laparoscopy 562 (22⋅9) 1⋅00 (reference) 1⋅00 (reference)

Laparotomy 1887 (77⋅1) 0⋅96 (0⋅86, 1⋅07) 1⋅00 (0⋅87, 1⋅16)

Intraoperative blood loss (ml)

0–300 1212 (49⋅5) 1⋅00 (reference) 1⋅00 (reference)

>300 1207 (49⋅3) 0⋅80 (0⋅73, 0⋅88) 0⋅86 (0⋅76, 0⋅97)

Missing 30 (1⋅2) – –

Anastomotic leak

Yes 286 (11⋅7) 0⋅42 (0⋅35, 0⋅50) 0⋅41 (0⋅33, 0⋅50)

No 2162 (88⋅3) 1⋅00 (reference) 1⋅00 (reference)

Missing 1 (0⋅0) – –

(y)pT category

T1 203 (8⋅3) 1⋅00 (reference) 1⋅00 (reference)

T2 528 (21⋅6) 0⋅83 (0⋅69, 0⋅99) 0⋅86 (0⋅70, 1⋅05)

T3 1316 (53⋅7) 0⋅63 (0⋅53, 0⋅74) 0⋅63 (0⋅47, 0⋅83)
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Table 3 Continued

Hazard ratio*

No. of subjects (n = 2449) Crude† Adjusted‡

T4 97 (4⋅0) 0⋅51 (0⋅39, 0⋅69) 0⋅62 (0⋅42, 0⋅90)

Missing 305 (12⋅5) – –

UICC stage

I 655 (26⋅7) 1⋅00 (reference) 1⋅00 (reference)

II 763 (31⋅2) 0⋅86 (0⋅76, 0⋅97) 1⋅23 (0⋅94, 1⋅63)

III 839 (34⋅3) 0⋅65 (0⋅58, 0⋅73) 0⋅83 (0⋅65, 1⋅05)

IV 175 (7⋅1) 0⋅42 (0⋅34, 0⋅52) 0⋅57 (0⋅41, 0⋅80)

Missing 17 (0⋅7) – –

Values in parentheses are percentages unless otherwise stated; *values in parentheses are 95 per cent confidence intervals. †Cox regression analysis; a hazard
ratio below 1 indicates a reduced ‘risk’ of stoma reversal (early stoma closure). ‡Mutually adjusted.

(HR 0⋅41, 0⋅33 to 0⋅50), T3 category (HR 0⋅63, 0⋅47 to
0⋅83), T4 category (HR 0⋅62, 0⋅42 to 0⋅90) and UICC stage
IV (HR 0⋅57, 0⋅41 to 0⋅80) were found to be independent
predictors of delay in time to stoma reversal (Table 3).

Discussion

The main finding of this nationwide population-based
cohort study was the fact that an unexpectedly low rate
of only 74⋅3 per cent of patients with rectal cancer
and an intended temporary diverting stoma had their
stoma reversed during 3 years of follow-up. As more than
one-third of patients having intended RRR had a diverting
stoma, a substantial number of patients end up with a
permanent stoma.

Previous studies13,19 investigating stoma reversal rates
after anterior resection have shown great variation in
permanent stoma rates. The majority of these studies
were based on smaller patient cohorts (ranging from 50
to 52311–14,16,18), originating from single centres or a local
region.

Multicentre studies including only patients with rectal
cancer9,10,15,17 reported a 17–25 per cent9,10 risk of a per-
manent stoma after intended rectal resection together with
a diverting stoma, similar to findings in the present study.

In this study, the independent predictive factors for
stoma non-reversal within 3 years were anastomotic
leakage, advanced UICC stage IV, T3 and T4 cate-
gory, use of neoadjuvant CRT and perioperative blood
loss greater than 300 ml. These results are in line with
previous studies, which showed that increasing age,
co-morbidity10,12,17,18,20, locally advanced or metastatic
disease11,12,16,17, any postoperative complication11,12,15,17

and anastomotic leakage14,16,18 increased the probability of
a permanent stoma after anterior resection.

A retrospective multicentre English study10 (2001–2003)
of 6582 patients (964 with a diverting stoma) examined
the use of loop ileostomy after low anterior resection,
and found that increasing age and co-morbidity increased
the probability of a permanent stoma. However, only a
relatively small proportion of patients (14⋅6 per cent) had
a diverting stoma at time of primary surgery, and none of
the patients had neoadjuvant CRT. In the present cohort,
neoadjuvant CRT was a significant predictor of stoma
non-reversal. Differences in the baseline characteristics of
the patient cohorts in the two studies may have led to
non-comparable results.

A Swedish retrospective multicentre study9 including
3564 patients undergoing rectal cancer surgery observed
that higher level of education increased the probability of
early stoma reversal. Postoperative complications, adjuvant
chemotherapy, advanced UICC stage and advanced ASA
grade were associated with delay in time to stoma reversal.
This study differed from the present study, as it provided
no information on the proportion of patients who received
a stoma at the index operation. In addition, follow-up was
short (total of 1⋅5 years) and there was no validation of
clinical information from Swedish registries.

Two prospective multicentre studies15,17 examined risk
factors for permanent stoma following TME with for-
mation of either a diverting colostomy (37 per cent15

and 3 per cent17) or ileostomy (63 per cent15 and 97
per cent17). Co-morbidity, metastatic disease, anastomotic
leakage, deteriorated anorectal function, postoperative
complications of any kind, and secondarily constructed
stomas were significant risk factors. However, results from
these studies15,17 cannot be extrapolated directly, as the
risk of a permanent stoma after construction of a diverting
colostomy may be different from that for a diverting
ileostomy.
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Interestingly, the present study shows that an increas-
ing proportion of patients underwent RRR as time
passed. Whereas 29⋅7 per cent had restorative surgery
in 2001–2004, the proportion was 42⋅4 per cent in
2009–2012. This general change in surgical approach
may partly result from the revision of national guide-
lines in 2009 and methodological alignment between
departments.

Changes in surgical approach over time with extended
use of diverting stomas have not been found in other stud-
ies, and suggest that surgeons may be increasingly cau-
tious following RRR. However, recent studies from the
Netherlands28,29 found no difference in short-term post-
operative complication rates between patients undergoing
rectal cancer resection with a diverting stoma routinely
and those in whom a diverting stoma was created only
in highly selected patients. Equally, the findings from the
present study suggest that long-term complications might
be another important issue that requires attention in the
preoperative setting. Selecting specific patient groups for
stoma construction was found to be a key element in opti-
mizing patient outcomes. These findings may change the
tendency towards a more selective approach to construc-
tion of diverting stoma in future.

The strengths of this study are the nationwide prospec-
tive design, the large patient cohort, and the long follow-up
of 3 years. Data were retrieved from three highly reli-
able registries, with prospective sampling of data and
high data completeness25,26,30. Unlike most previous stud-
ies, this study was based on data from the current time
period, where treatment regimens comply with modern
standards.

Although data were retrieved from validated registries,
the validity and methods of data reporting might dif-
fer between hospitals. This is one of the limitations of
the study, as coding errors related to operative proce-
dures may occur. However, discrepancies between medical
records and databases regarding stoma status at the 3-year
follow-up were low in the sample survey of 9⋅2 per cent
of patients who had rectal resection with formation of a
diverting stoma.

This study shows that one-quarter of patients had not
undergone stoma reversal 3 years after restorative rectal
cancer resection in Denmark. This proportion was doubled
where postoperative management was complicated by an
anastomotic leak.
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