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Abstract

Background Evidence on early closure (EC) of defunctioning stoma (DS) after colorectal surgery shows a favorable effect
when patients are carefully selected. Therefore, a clinical pathway adapted to the implementation of an EC strategy was
developed in our center. The aim of this study was to carry out a comparative analysis of time until DS closure and DS-related
morbidity before and after the implementation of an EC protocol (ECP).

Methods This study is a before-and-after comparative analysis. Patients were divided into two cohorts according to the
observational period: patients from the period before the ECP implementation (January 2015-December 2019) [Period 1]
and those from the period after that (January 2020—December 2022) [Period 2]. All consecutive patients subjected to elective
DS closure within both periods were eligible. Early closure was defined as the reversal within 30 days from DS creation.
Patients excluded from EC or those not closed within 30 days since primary surgery were analyzed as late closure (LC).
Baseline characteristics and DS-related morbidity were recorded.

Results A total of 145 patients were analyzed. Median time with DS was shorter in patients after ECP implementation [42
(21-193) days versus 233 (137-382) days, p < 0.001]. This reduction in time to closure did not impact the DS closure mor-
bidity and resulted in less DS morbidity (68.8% versus 49.2%, p=0.017) and fewer stoma nurse visits (p =0.029).
Conclusions The ECP was able to significantly reduce intervals to restoration of bowel continuity in patients with DS, which
in turn resulted in a direct impact on the reduction of DS morbidity without negatively affecting DS closure morbidity.

Keywords Ileostomy closure - Defunctioning stoma - Early stoma closure - Colorectal surgery

Introduction

The creation of a defunctioning stoma (DS), in most cases an
ileostomy, is virtually a routine surgical practice in the con-
text of risky colorectal anastomoses to minimize the adverse
effects and severity of a potential anastomotic leak (AL) [1,
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2]. However, this protective effect has a number of important
drawbacks that must be properly balanced in each patient:
morbidity secondary to the time the patient remains with the
stoma (dermatitis, peristomal hernia, and hydro-electrolyte
disturbances), morbidity attributable to DS reconstruction
surgery [3], worsened functional outcomes after rectal can-
cer surgery with total mesorectal excision (TME) [4], costs
of medical care and care devices [5], and direct impact on
patient’s quality of life [6].

All these deleterious effects of DS may be directly
dependent on the duration the ileostomy remains in place
[7, 8]. Despite this, in many institutions the duration of DS
remains long and most patients end up keeping it for at least
9 months; moreover, it is not uncommon that DS remains
in place beyond 12 months or even becomes permanent
because of progressive patient deterioration [3, 9].

Some of the reasons for this could be the high burden
of care, the fear of delaying the administration of adjuvant
treatments in patients with cancer [10, 11], the absence of
standard definition of early closure (EC) [12], the existence
of controversial data regarding its use, and the absence of
clinical guidelines favorable to its implementation [13, 14].
Nevertheless, an in-depth review of the literature shows
evidence favorable to EC use when patients are carefully
selected and it is applied in centers and units specialized in
colorectal surgery [15, 16].

On the basis of this favorable evidence, a clinical pathway
was designed in our center for the safe implementation of
an EC strategy, the Early Stoma Closure Clinical Protocol
(ECP). ECP was developed to standardize the management
and care of all patients with DS, enabling the safe selection
of candidates for EC, defined as reversal within 30 days after
stoma creation. The aim of this study was to carry out a
comparative analysis of the time until DS closure as well as
DS-related morbidity between the periods before and after
the implementation of this protocol.

Materials and methods
Study design and patients

This study is a before-and-after comparative analysis con-
ducted at a single tertiary hospital. Patients in this obser-
vational study were divided into two cohorts according to
different study periods: the period before the implementa-
tion of the ECP (January 2015-December 2019) [Period 1]
and the period after that (January 2020-December 2022)
[Period 2]. Patients from Period 2 were prospectively col-
lected and compared with patients from Period 1, who were
retrospectively collected as a historical cohort. The local eth-
ics committee approved our protocol and written informed
consent for participation in the study was obtained from all
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prospectively recruited patients. The datasets generated and
analyzed during the current study are available from the cor-
responding author on reasonable request.

All consecutive adult patients subjected to elective DS
closure between January 2015 and December 2022 were
included in the study. Patients who underwent conversion
to end-colostomy/end-ileostomy or abdominoperineal resec-
tion during DS reversal were excluded.

Early stoma closure clinical protocol

ECP is a multidisciplinary protocol implemented in our
center since January 2020 to guide the selection of suit-
able patients for EC and standardize the assessment of colo-
rectal anastomosis before DS closure. This pathway has a
dedicated coordinator to achieve a timely assessment of the
anastomosis and subsequent scheduling of closure in those
patients eligible for EC. In addition, experienced stoma
nurses who provide diligent follow-up and management for
stoma patients were incorporated in our unit. Requirements
for EC according ECP are summarized in Fig. 1

Regarding the primary surgery, an EC procedure was rec-
ommended exclusively for selected patients who underwent
DS due to rectal oncological surgery, diverticular disease, or
Hartmann’s reconstruction. Patients who required DS after
inflammatory bowel disease (IBD) surgery or as manage-
ment for anastomotic leak (AL) were not eligible for EC.

After the selected primary surgery, these patients were
clinically and analytically assessed by a colorectal surgeon
from day 1 to day 7 to ensure that there were no clinical
signs of AL. Laboratory tests, including determination of
white blood cell counts (WBC), C-reactive protein (CRP),
and lactate levels, were performed on postoperative days
(POD) 2 and 4 to assess inflammatory status. Patients were
also non-eligible for EC if the recovery from their index
surgery was complicated by one or more of the following
events: AL, sepsis, or organ failure. All patients without
any adverse event had a rectal examination, and a computed
tomography enema (CTE) was performed from days 7-14
after stoma creation to check the integrity of the anastomo-
sis. This contrast study is usually carried out during admis-
sion for the primary surgery or is scheduled at discharge.
Gastrographin® is instilled by a colorectal surgeon using a
Foley catheter placed in the rectum just below the anastomo-
sis. CTE is always assessed by a radiologist and a colorectal
surgeon. If there was a leak of contrast outside the rectum or
any AL sign, the patient was not selected for EC. Otherwise,
patients were scheduled for DS closure before any clinic
appointments.

Stoma closure was performed under general anesthesia
with a peristomal skin incision. After small bowel mobiliza-
tion, a hand-sewn or stapled anastomosis was performed at
the discretion of the surgeon responsible for the case, on the
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Fig.1 Early closure require- EARLY STOMA CLOSURE PROTOCOL

ments according to Early Clo- Requirements for Early Closure (< 30 days)

sure Protocol. WBC white blood q v ¥

cell count, CRP C-reactive

protein levels, CTE computed 1) Primary surgery:

tomography enema, POD post- o Rectal cancer

operative day, AL anastomotic o Diverticular disease

leak o Hartmann’s intervention reconstruction

2) POD 1 —7: Postoperative surveillance:
o Daily clinical evaluation by any of the members of the colorectal
surgery unit and the stoma nurse.
o Laboratory tests (WBC, CRP and lactate) at POD 2 and 4
o Any of the following conditions:

- Clinical suspicion of AL
- Sepsis
- Organ failure

3) POD 7 — 14: CTE that rules out AL

basis of their own preferences, intraoperative conditions of
the patient, and the bowel limb where the ileostomy was set.
The wound was partially closed with a purse string accord-
ing to current evidence [17].

Patients excluded from EC or not closed within 30 days
since primary surgery were analyzed as late closure (LC).

Outcomes and definitions

Primary outcome was the time until closure before and after
ECP implementation. Secondary outcome was DS-related
morbidity in both periods.

Patient demographic data, comorbidities, primary surgery
details such as emergency indication, postoperative compli-
cations, DS-related morbidity, hospital readmissions, and
visits to stoma nurse consultation were collected.

— Primary surgery was defined as any elective or emergent
colorectal resection that involved the creation of a DS,
either directly after resection or as management of AL
requiring a reintervention.

— DS morbidity: morbidity associated with DS manage-
ment (during and after admission for primary surgery).
Data were collected by a surgeon or stoma nurse.

— DS closure morbidity: morbidity associated with DS
closure (during the first 30 days postoperative or during
admission for stoma reversal). Data were collected by a
surgeon.

— DS-related morbidity: general stoma-related complica-
tions, including DS morbidity and DS closure morbidity.

— Postoperative complications: those occurring after any
surgical procedure (either for primary colorectal surgery
or for DS closure, collected separately). They were cat-
egorized according to the Clavien—Dindo classification
[18]. If multiple complications happened, the highest

grade was used in both groups. Major complications were
defined as those requiring some interventions under gen-
eral anesthesia (Clavien—-Dindo IIIb).

— Ileus: absence of flatus/stool and inability to tolerate an
oral diet for 4 days after the operation.

Statistical methods

Quantitative variables are expressed as mean and standard
deviation (SD) in case of normal distribution, or median and
interquartile range (IQR) for those with non-normal distribu-
tion. Qualitative variables are presented as absolute numbers
and percentages. Contingency tables and y* analysis were
used to determine the association between categorical vari-
ables, and Student’s ¢ test or Mann—Whitney U test was used
for continuous variables. Statistical significance was set at p
value < 0.05. The statistical analysis was carried out with the
IBM SPSS® v.24 software (SPSS®, Chicago, Illinois, USA).

A multivariable linear regression model was used to
assess the effect of different factors on the time to stoma
closure. Results were expressed as regression coefficients
with 95% confidence interval (CI). In addition, a logistic
regression model was used to assess the effect of baseline
variables, primary surgery variables, and time with DS on
the appearance of complications related to DS. Results were
expressed as odds ratio (OR) with 95% CI.

Results
Demographic characteristics
During both periods, a total of 157 consecutive patients

were subjected to DS after colorectal surgery in our insti-
tution. After the application of exclusion criteria, 145 were
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included in this analysis: 80 patients underwent DS closure
in Period 1 (between January 2015 and December 2019)
and 65 patients in Period 2 (between January 2020 and
December 2022) (Fig. 2). Demographic and clinical data,
including the initial indication for DS, are summarized in
Table 1. More than half of the patients were men (n="79;
54.5%) and the median age was 66 (IQR 58-76) years.
TME for rectal cancer was the main indication to perform
a DS in both periods (n=107; 73.8%). No significant base-
line differences were observed between patients of both

groups apart from a higher rate of hypertension and higher
body mass index (BMI) in those of Period 2.

Time from primary surgery and DS closure

Median time from primary surgery to stoma closure was
significantly higher in Period 1 [233 (137-382) days] than
in Period 2 [42 (21-193) days] (p <0.001). During Period
2, 43.1% of patients (n=28) underwent closure within
30 days from DS creation, while the remaining patients
(n=37) underwent LC (Fig. 3A). The main reasons for LC

Assessed for eligibility
DS after colorectal surgery, n = 158

Excluded total n= 13

v

\ 4

e Deaths before DS closure, n =5
e End-colostomy (anastomosis
problems), n=8

Analyzed, n = 145

Period 1, n = 80

Period 2, n = 65

Retrospective period

Prospective period

- Primary surgery indication
IBD surgery, n=4

- CTE with signs of AL, n=3
e Administrative delay, n=13
e SARS-CoV-2 infection, n=2

e Fail to fulfil requirements for EC, n=22
Reoperation for AL, n=5

- Poor postoperative recovery from primary surgery, n=10

Fig.2 Consolidated Standards of Reporting Trials (CONSORT) dia-
gram of the study. DS defunctioning stoma, Period 1 Period before
the implementation of the Early Stoma Closure protocol, Period 2
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Period after the implementation of the Early Stoma Closure protocol,
EC early closure group (<30 days), LC late closure group, CTE com-
puted tomography enema, /BD inflammatory bowel disease
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Table.1 Baseline characteristics Period Period 2 p-Value
of patients of the two study (n=80) (n=65)
periods who underwent DS
closure Age, years® 64 (55-75) 68 (61-77) 0.060
Gender (male), n (%) 47 (58.8) 32 (49.2) 0.315
BMI, (kg/m?)? 24.2 (22.1-27.5) 25.9 (23.6-29.1) 0.029
Smoking, n (%) 14 (17.5) 10 (15.4) 0.824
Hypertension 14 (17.5) 29 (44.6) 0.001
Diabetes, n (%) 8 (10) 14 (21.5) 0.065
Chronic kidney disease, n (%) 1(1.3) 23.1) 0.587
Anticoagulant therapy, n (%) 11 (13.8) 12 (18.5) 0.497
Steroids 11 (13.8) 11 (16.9) 0.646
ASA class HIT+1V, n (%) 27 (33.8) 28 (43.1) 0.302
Elective primary surgery indication, n (%)
Rectal cancer 61 (76.3) 46 (70.8)
IBD 7 (8.8) 4(6.2) 0.569
Diverticular disease 2(2.5) 7 (10.8)
Hartmann’s reconstruction 6(7.5) 3(4.6)
Emergent primary surgery indication, n (%)
Reoperation for AL 4(5) 5(7.7) 0.774
Clavien—Dindo of primary surgery >1IIb, n (%) 9(11.3) 5(7.7) 0.577

p < 0.05 was considered as significant (in bold)

DS diverting stoma, BMI body mass index, ASA American Society of Anesthesiologists, /BD inflammatory

bowel disease, AL anastomotic leak

*Median (interquartile range)

in Period 2 were exclusion criteria for EC in 22 patients
(59.5%), inability to schedule the intervention within the EC
lapse time in 13 patients (35.1%), and severe acute respira-
tory syndrome coronavirus 2 (SARS-Cov-2) infection in 2
patients (5.4%) as shown in Fig. 2.

A subanalysis was performed to assess whether a reduc-
tion in stoma time was achieved in patients who were not
candidates for EC. Median time from primary surgery to
stoma closure in the LC group was 164 (52-223) days in
Period 2, which was also significantly lower compared
with this time in Period 1 [233 (137-382) days], p=0.004)
(Fig. 3B).

Results from the multivariable linear regression analysis
of the effect of different factors on the time to DS closure
are presented in Table 2. ECP implementation (Period 2)
was significantly associated with reduction of time to DS
closure, while primary surgery complications were signifi-
cantly associated with increased time.

Colorectal anastomosis assessment and DS reversal
technique

Colorectal assessment was heterogeneous in Period 1:
21 (27.6%) CTE, 25 (32.9%) contrast enema (CE), 17
(22.4%) endoscopy, and 13 (17.1%) any combination of
those. Meanwhile, in Period 2 all colorectal anastomoses

were investigated radiologically with CTE to ensure cor-
rect assessment of anastomotic integrity according to ECP.
Two patients in this period needed an extra exploration with
endoscopy because of stenosis of the anastomosis, and two
asymptomatic AL were successfully detected. CTE per-
formed from POD 7-14 had a 3.1% false negative rate in
this study. One patient required a reintervention (DS and
endo-sponge®) and the other one a percutaneous drainage
and intravenous antibiotic therapy. Median time from pri-
mary surgery to evaluation of colorectal anastomosis was
lower in Period 2 than in Period 1 [(10 (7-162) days versus
149 (69-298) days, p <0.001].

Median duration of the reversal procedure (including both
the surgical and anesthetic procedures) was shorter in Period
2 than in Period 1 [110 (90-120) min versus 120 (90-147)
min, p=0.018), while no differences in technical anasto-
motic reconstruction were observed between both periods. In
accordance with ECP, the skin closure technique used was a
purse-string in all Period 2 patients, while linear closure was
the main technique in Period 1 (65/80 patients, 81.3%), with
a significant statistical difference (p <0.001).

DS-related morbidity

DS-related complications in each period are presented in
Table 3. During the follow-up between primary surgery

@ Springer
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Fig.3 Comparison of timing to 50% “
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Table 2 Multiple linear

. . Variable B (95% CI) p-Value

regression analysis of factors

associated with time to DS Age —1.81 (=4.36 to 0.763) 0.162

closure in days Male 45.25 (=20.85 to 111.35) 0.178
Chronic kidney disease —68.33 (—293.99 to 160.34) 0.562
Diabetes 16.49 (=77.29 to 110.27) 0.729
ASA class III+1V 56.94 (-12.23 to 126.12) 0.106
Emergent primary surgery indication 42.71 (=57.56 to 142.98) 0.401
Complications from primary surgery 110.13 (43.65-176.68) 0.001
Period 2 —176.31 (—246.57 to —106.05) <0.001

p < 0.05 was considered as significant (in bold)

B regression coefficients, CI confidence interval, DS defunctioning stoma, ASA American Society of Anes-

thesiologists

and reversal, DS morbidity was higher in Period 1 (68.8%
versus 49.2%, p=0.017), including conditions such as skin
irritation (50% versus 32.3%, p=0.032) and parastomal
hernia (17.5% versus 6.2%, p=0.045). Accordingly, the
number of visits to the stoma nurse was also higher in
this period (p =0.029). However, no significant difference
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was detected between the two groups regarding overall
incidence and severity of DS closure complications, rein-
terventions, length of hospital stay, and readmissions. Dur-
ing the 90-day postoperative period after DS closure, no
mortality was recorded in any period.
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Table 3 Comparison of
DS-related complications,
readmissions, and stoma nurse

visits between the periods
before and after implementation
of the EC protocol

Period 1 Period 2 p-Value
(n=280) (n=065)
DS complications
Overall morbidity, n (%) 55 (68.8) 32 (49.2) 0.017
SKin irritation, n (%) 40 (50) 21 (32.3) 0.032
High-volume output (ARF), n (%) 13 (16.3) 10 (15.4) 0.987
Parastomal hernia, n (%) 14 (17.5) 4(6.2) 0.045
Clavien—Dindo IIIb-V, n (%) 5(6.3) 2(3.1) 0.460
Readmission, n (%) 10 (12.5) 6(9.2) 0.562
Stoma nurse visits® 6 (5-14) 4 (2-9) 0.029
Time with DS, days® 233 (137-382) 42 (21-193) <0.001
DS closure complications
Overall morbidity, n (%) 31(38.8) 24 (36.9) 0.864
Wound complications, n (%) 9 (13.8) 4 (20) 0.385
Tleus, n (%) 13 (16.3) 10 (15.4) 0.992
Anastomotic leak, n (%)
Colorectal 6(7.5) 2(3.1) 0.152
Small bowel 7 (8.8) 2(3.1)
Clavien—Dindo IIIb-V, n (%) 9(11.3) 3(4.6) 0.112
Reinterventions, n (%) 9(11.3) 2 (3.1 0.059
Length of hospital stay, days* 5(4-9) 5(4-7) 0.486
Readmission, n (%) 5(6.3) 6(9.2) 0.293

p < 0.05 was considered as significant (in bold)

DS Diverting stomas, ARF acute renal failure

“Median (interquartile range)

Multivariate analysis was performed to identify risk fac-
tors for DS-related morbidity (Table 4). Late closure resulted
as an independent risk factor for DS morbidity. Regarding
past medical history, only patients with ASA scores III-IV
and patients who suffered from complications after primary
surgery were more likely to have complications after DS
closure.

Early closure versus late closure

A subanalysis was performed within Period 2 between EC
and LC patients aiming to evaluate the effectiveness and
safety of implementing our ECP (Table 5).

The overall DS morbidity rate was significantly higher
in the LC group (64.9% versus 28.6%, p <0.001), with skin
irritation as the only DS complication in the EC group.
High-volume output with acute kidney failure was higher in
the LC group (27% versus 0%, p <0.001), leading to read-
missions in the same group (16.2% versus 0%, p=0.002).
In accordance with these results, the EC group had lower
number of stoma nurse visits (p <0.001).

Overall DS closure morbidity rate and severity did not
differ between the EC and LC groups (p =0.073), and nei-
ther were there differences in any type of AL between
both groups. Two patients underwent reoperation in the EC

group. One of them was reoperated due to early bleeding
of the anastomotic mesentery to resolve this complication
and ensure an adequate anastomosis vascularization. The
other one underwent a re-defunctioning ileostomy due to a
late colorectal AL. No significant difference was detected
between the two groups regarding the length of hospital
stay or readmissions.

Oncological patients

A total of 107 patients with TME and DS for rectal can-
cer in both study periods were included in a subanalysis.
Demographic, DS-related morbidity, and chemotherapy
data are summarized in Supplementary Table 1. More
patients received total neoadjuvant therapy (TNT) in
Period 2 (p <0.001). However, there was no statistically
significant difference between the two periods in the time
from primary surgery to the start of adjuvant therapy. In
Period 2, only one patient with LC and another patient
with EC experienced AL complications, which subse-
quently interfered with adjuvant treatment. The remaining
patients who have an indication for adjuvant treatment did
not receive it due to patient’s comorbidities.

@ Springer
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Table 4 Multivariable
regression analysis of factors
associated with DS-related
complications

Multivariable analysis
OR (95% CI) p-Value

DS complications

DS closure complications

Age

Male

Chronic kidney disease
Diabetes

BMI

ASA class III +1V

Elective primary surgery indication

Rectal cancer
IBD
Diverticular disease

Hartmann’s reconstruction

Emergent primary surgery indication
Complications from primary surgery

Period 2
Late closure

DS complications

0.99 (0.96-1.02) 0.49
0.65 (0.39-1.37) 0.25
2.74 (0.22-34.47) 0.43
1.47 (0.47-4.55) 0.52
0.96 (0.89-1.04) 0.31
1.25 (0.53-2.92) 0.61

1

1.34 (0.32-5.55) 0.68
5.13 (0.53-49.79) 0.16
5.77 (0.66-49.93) 0.11
2.08 (0.62-6.98) 0.23
1.14 (0.49-2.63) 0.75
0.56 (0.23-1.35) 0.23
3.89 (1.61-9.04) 0.003

1.01 (0.98-1.04) 0.32
0.76 (0.35-1.62) 0.48
2.29 (0.16-32.98) 0.54
0.58 (0.19-1.73) 0.32
1.02 (0.95-1.01) 0.61
2.12 (1.01-4.44) 0.04

1

0.42 (0.77-2.38) 0.33
2.93(0.51-16.89) 0.23
0.79 (0.17-3.80) 0.77
0.95 (0.31-2.03) 0.93
2.56 (1-13-5.76) 0.02
0.51(0.21-1.22) 0.13
2.34(0.91-4.01) 0.08

- 1.56 (0.71-3.47) 0.27

p < 0.05 was considered as significant (in bold)

CI confidence interval, OR odds ratio, DS diverting stomas, BMI body mass index, ASA American Society
of Anesthesiologists, ARF acute renal failure, Period 2 Period after the implementation of an Early Stoma

Closure protocol

Discussion

The ECP implementation in our unit was associated with
markedly shorter intervals to restoration of bowel continuity
in patients with DS after colorectal surgery (42 days versus
233 days, p<0.001). This outcome was observed not only
in patients selected for EC, but also in those from Period 2
who were not considered eligible (164 days versus 233 days,
p=0.004) (Fig. 3). This reduction in time to closure did not
impact the postoperative morbidity and resulted in fewer
stoma complications and fewer stoma nurse visits.

Time to DS closure varies widely and is not subject to
national targets [14]. The CLOSE-IT study reported that
35% of DS following TME for rectal cancer were not closed
at 18 months in the UK [19]. This result is in line with find-
ings observed during Period 1 in our study, in which 27.5%
of DS have not been closed at 12 months (Fig. 3), mainly due
to patient comorbidity, need for chemotherapy, or extended
waiting list, thus mirroring the outcomes reported in
CLOSE-IT. However, multiple randomized control trials and
meta-analyses conducted in Europe have demonstrated that
EC is safe, cost-effective, and improves functional outcomes
and patients’ quality of life (QoL) in a subset of patients [4,
15, 20-22]. Such an approach appears attractive and has
demonstrated in a recent study to be a priority for both sur-
geons and patients [23]. For this reason, we wanted to apply
it to our clinical practice by developing a multidisciplinary
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protocol encompassing the following essential components:
selection of patients according to their primary surgery and
postoperative recovery, an adequate assessment of the colo-
rectal anastomosis within a target time [24], and according
to other groups [14, 25], a preemptive scheduling of patients
by a dedicated team coordinator for closure immediately
after primary surgery. Furthermore, a driving force of the
reduced DS closure times in the LC group since ECP imple-
mentation was identified in our study; an experienced team
(surgeons and stoma nurses) that provides consistency to the
planning of reversal, which has been suggested to exert an
influence on closure times [13, 23]. Accordingly, our multi-
variable linear regression demonstrated that ECP implemen-
tation (Period 2) was significantly associated with reduction
of time to DS closure, while primary surgery complications
were significantly associated with increased time to DS clo-
sure. These results have important clinical consequences,
since time to stoma reversal can be significantly reduced in a
vast majority of patients with the implementation of an ECP
with strict selection criteria, independently of their primary
diagnosis, ASA score, or other comorbidities.

Patient selection is a crucial part of this approach because
only patients without clinical or radiological signs of adverse
events after some primary colorectal surgery (TME, diver-
ticular disease, or Hartman’s reconstruction) are suitable for
EC (Fig. 1) [26]. Consequently, differences of some vari-
ables were observed between the EC and LC groups prior to
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DS-related complications
between EC and LC after

implementation of an EC
protocol (Period 2)
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Early closure Late closure p-Value
(n=28) (n=37)

Baseline characteristics
Age, years® 67 (62-68) 68 (59-77) 0.542
Gender (male), n (%) 14 (50) 18 (48.6) 0.557
ASA class IIT+1V, n (%) 11 (39.3) 17 (45.9) 0.622
Primary surgery indication, n (%)

Rectal cancer 25 (89.3) 21 (56.8) 0.006
Benign disease” 3(10.7) 16 (43.2)

DS complications
Overall morbidity, n (%) 8 (28.6) 24 (64.9) <0.001
Skin irritation, n (%) 8 (28.6) 13 (35.1) 0.605
High-volume output (ARF), n (%) 0(0) 10 (27) <0.001
Parastomal hernia, n (%) 0(0) 3(8.1) 0.253
Clavien—Dindo IIIb-V, n (%) 0(0) 2(5.4) 0.502
Readmission, n (%) 0(0) 6 (16.2) 0.002
Stoma nurse visits® 1(0-3) 6 (4-12) <0.001
Time with DS, days® 21 (16-23) 164 (52-223) <0.001

DS closure complications
Overall morbidity, n (%) 10 (35.7) 10 (27) 0.073
Wound complications, n (%) 3(10.7) 12.7) 0.307
Tleus, n (%) 517.9) 5(13.5) 0.443
Anastomotic leak, n (%)
Colorectal 1(3.6) 1(2.7) 0.960
Small bowel 1(3.6) 1(2.7)
Clavien—Dindo IIIb-V, n (%) 2(7.1) 2(54) 0.573
Reinterventions, n (%) 2(7.1) 0(0) 0.182
Length of hospital stay, days® 5(4-12) 5 (4-6) 0.218
Readmission, n (%) 2(7.1) 4(10.8) 0.439

p < 0.05 was considered as significant (in bold)

DS diverting stomas, EC early closure, LC late closure, ASA American Society of Anesthesiologists, ARF'

acute renal failure
“Median (interquartile range)

bIncluding patients with diverticular disease, inflammatory bowel disease, Hartmann’s reconstruction, and

anastomotic dehiscence needing DS

stoma closure, as presented in Table 5 in Period 2. In prior
studies, EC exclusion rates have been reported to range from
25% to 33% (27, 28]. In our study, after ECP implementa-
tion (Period 2), 59.5% of the patients did not meet the strict
requirements for EC. However, ECP was an evidence-based
safety measure, and even though only 40% of the patients
of the entire period qualified for EC, the remaining patients
(LC) still benefited from a substantial reduction in the time
to DS closure. This represents a significant improvement for
all patients in this period.

Most would agree that engaging in early reversal of DS
without confidence regarding the integrity of the anastomo-
sis has tremendous implications for patients’ safety [26], as
Elsner et al. showed in their randomized controlled trial [30].
A recent study by Kitaguchiet et al. [31] described that rou-
tine use of CE at POD 7 was insufficient to detect occult AL

and more cases were detected with a following CTE. A 33%
rate of false negative radiological results was determined
for CE in their study, while Danielsen et al. [16] reported no
false negative radiologic results using CTE before EC. In
light of current evidence on EC, CTE from POD 7 onward
was the diagnostic method chosen in our study prior to per-
forming DS closure surgery, with a 3.1% false negative rate.

EC has traditionally been related to two major threats
for patients: the possibility of higher morbidity rates at the
time of DS closure, and the eventual delay or rejection of
chemotherapy administration if major complications happen
after DS closure in patients with rectal cancer.

Morbidity findings of the current study are consistent
with previous studies [16, 28] showing less overall DS mor-
bidity and fewer readmission in EC patients, in particular
relieving patients from high-volume output problems. This
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advantage had an impact on Period 2, in which patients had
less overall DS morbidity compared with Period 1 without
impact on DS closure morbidity. We believe that the reduc-
tion in complications can be explained by the fact that time
is a variable that directly affects these results [7], as shown
in the multivariate analysis.

A subanalysis was conducted in patients with rectal
cancer showing that ECP implementation did not lead to a
delay in the initiation of adjuvant treatment (Supplementary
Table 1). Currently, there is no evidence regarding optimal
timing for DS closure in relation to adjuvant chemotherapy
and its influence on overall survival [11, 32]. Two rand-
omized controlled trials are in progress to clarify this ques-
tion (CoCStom and STOMAD) [33, 34]. Nevertheless, the
emergence of TNT has reduced the concerns regarding the
potential delay in adjuvant therapy caused by DS closure,
thereby facilitating the patients to benefit from the favorable
outcomes associated with EC.

The findings presented in this study, combined with pub-
lished evidence on timing and patient selection for EC, could
be considered as valuable resources for future projects focus-
ing on the development of national pathways to DS closure,
as proposed in other countries [14].

Our study has some limitations. Firstly, the retrospective
nature of Period 1 could determine selection bias and under-
estimate complication rate. Secondly, the participation of
stoma nurses in patient management only in Period 2 could
be a source of observer bias. Thirdly, both periods were
homogeneous in terms of primary surgery indication, and
the recommendation was strong, in most cases, to proceed
with a temporary DS when creating a high-risk anastomo-
sis. Despite this, patient selection and the type of primary
surgery could have been possible sources of bias. Further
comparative research with each primary surgery indication
is necessary. Finally, the SARS-CoV-2 pandemic may have
caused a delay in DS closure due to changes in protocols in
our center during the pandemic. Despite these limitations,
this study has significant strengths, as it provides evidence
that could contribute to improving DS closure in clinical
practice in a tertiary hospital.

In conclusion, the implementation of an ECP with strict
inclusion and exclusion criteria has been very satisfactory
in terms of compliance and safety. This protocol has been
able to reduce intervals to restoration of bowel continuity
in patients with DS after colorectal surgery, which in turn
has resulted in a direct reduction of morbidity attributable
to long intervals.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10151-023-02905-z.
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