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Abstract
Purpose Patients scheduled for stoma closure may also have an incisional hernia. Studies have reported acceptable outcomes 
after contaminated ventral hernia repair, but whether stoma closure and incisional hernia repair should be performed as a 
combined procedure is unknown. This study examined combined stoma closure and incisional hernia repair compared with 
incisional hernia repair only.
Methods This was a nationwide propensity-score matched study. Patients who underwent elective incisional hernia repair 
from 2007–2017 were identified in the Danish Hernia Database. All patients who underwent concurrent stoma closure were 
matched 1:3 with patients who underwent incisional hernia repair only. The primary outcome was reoperation for hernia 
recurrence, whereas secondary outcomes included anastomotic leakage, length of hospital stay, and 30-day reoperation and 
readmission rates.
Results In total, 516 patients were included. The risk of reoperation for recurrence was increased after concurrent stoma 
closure compared with incisional hernia repair only (hazard ratio 1.69, 95% confidence interval 1.01–2.82, p = 0.044). Seven 
(5.4%) patients who underwent incisional hernia repair concurrent to stoma closure were reoperated for anastomotic leakage. 
Length of hospital stay and reoperation rates within 30 days were increased after concurrent stoma closure compared with 
incisional hernia repair only (median 8 versus 3 days, p < 0.001 and 29.5% versus 18.6%, p = 0.013), whereas there was no 
difference in 30-day readmission rates (p = 0.251).
Conclusions Stoma closure and incisional hernia repair should be performed as a dual-stage procedure to decrease the risk 
of hernia recurrence.
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Introduction

A temporary stoma is indicated when a primary anastomosis 
is considered dangerous or to protect a high-risk anastomosis 
[1]. Following laparotomy, up to 22% of patients develop 
an incisional hernia [2]. For patients scheduled for stoma 
closure with a coexisting incisional hernia, concurrent stoma 
closure and hernia repair or a two-stage approach are the 

options. A single-stage concurrent procedure may have the 
advantage of avoiding an additional surgical procedure with 
its inherent risk of complications and added recovery. How-
ever, prolonged operative duration and contamination might 
increase the risk of short-term morbidity and potentially her-
nia recurrence, compared with a dual-stage procedure with 
a delayed definitive hernia repair [3, 4].

This study aimed to examine outcomes following inci-
sional hernia repair with and without concurrent stoma 
closure. The primary outcome of the study was reoperation 
for hernia recurrence, and the secondary outcomes were 
the length of hospital stay (LOS), overall reoperation rates 
within 30 days, reoperation rates for anastomotic leakage, 
and readmission within 30 days.
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Methods

This was a nationwide, propensity-score matched study 
reported according to the STROBE statement [5]. All 
patients who underwent elective incisional hernia repair 
between 1 January 2007 and 31 December 2017 were iden-
tified in the Danish Ventral Hernia Database (DVHD). 
This registry contains prospectively registered data on 
all patients undergoing ventral hernia repair in Denmark 
and includes patient demographics, hernia characteristics, 
and technical aspects of the surgical repair [6]. Data was 
merged with the Danish National Patient Registry (DNPR) 
to identify patients who underwent stoma closure concur-
rent to the incisional hernia repair, using the unique Dan-
ish personal registration number. The DNPR is a complete 
nationwide registry with data on procedures and diagnoses 
from hospitals in Denmark [7]. Concurrent stoma closure 
was defined as registration of a procedure code for stoma 
closure (KJFG00 through KJFG47 [Nordic Medico-Statis-
tical Committee Classification of Surgical Procedures [8]]) 
on the same date as the incisional hernia repair registered 
in the DVHD. Parastomal hernia repair is registered as its 
own entity in the DVHD and was not included in the study. 
Thus, patients who underwent concurrent stoma closure 
had an incisional hernia remote from the stoma site.

The final study cohort included patients who underwent 
stoma closure concurrent to incisional hernia repair and 
a 1:3 propensity-score matched control group of patients 
who underwent incisional hernia repair only. The primary 
outcome was reoperation for hernia recurrence, as regis-
tered in the DVHD. Secondary outcomes included length 
of postoperative hospital stay (LOS), overall reoperation 
rates within 30 days, reoperation rates for anastomotic 
leakage (procedure code KJWF00), and readmission 
within 30 days, as registered in the DNPR.

Statistics

Propensity-score matching was performed with a logistic 
regression model using the nearest neighbor method with-
out replacement and a 0.2 caliper width [9, 10]. Matching 
variables included age, sex, transverse defect size, surgi-
cal approach (open, laparoscopic or converted), and repair 
technique (mesh or suture repair). The DVHD includes 
data on whether any other concurrent procedures were per-
formed (without further specification), and accordingly, 
only patients registered as undergoing nothing but inci-
sional hernia repair, were considered as potential controls. 
Baseline characteristics were compared with the Wilcoxon 
rank-sum test and χ2 test for continuous and categorical 
variables, respectively. The risk of reoperation for hernia 

recurrence was analyzed with Cox proportional hazards 
regression analysis and reported as a hazard ratio (HR) 
with 95% confident intervals (CI). Follow-up was from 
the initial repair until reoperation for hernia recurrence, 
death or 31 December 2018, and calculated as median 
(interquartile range [IQR]) with the reverse Kaplan Meier 
method [11]. LOS was compared between groups with 
Mann Whitney U, whereas the risk of reoperation and 
readmission was compared with χ2 test. Analyses were 
performed with R v. 3.5.2. (R Foundation for Statistical 
Computing, R-project.org). The study was approved by 
the Danish Data Protection Agency (ref. BFH-2012-58-
0004). Ethical approval nor informed consent was required 
according to Danish legislation.

Results

In total, 6,638 patients underwent elective incisional her-
nia repair during the inclusion period. Of these, 129 (1.9%) 
underwent incisional hernia repair concurrent to stoma clo-
sure and were matched with 387 patients who underwent 
incisional hernia repair only (Table 1). The median follow-
up was 6.2 years (IQR 4.3–8.6 years). A mesh repair was 
performed in 393 (76.2%) patients. The median transverse 

Table 1  Baseline characteristics of included patients who underwent 
elective incisional hernia repair with or without concurrent stoma clo-
sure, N = 516

Numbers are median (interquartile range) or N (%)

Variable Concurrent 
stoma closure

Incisional hernia 
repair only

p

N = 129 N = 387

Age, years 62 (52–68) 63 (51–71) 0.180
Sex 0.914
 Female 42 (32.6) 130 (33.6)
 Male 87 (67.4) 257 (66.4)

Hernia defect width, cm 10 (5–12) 8 (4–15) 0.824
Surgical approach 0.850
 Converted 1 (0.8) 4 (1.0)
 Laparoscopic 12 (9.3) 42 (10.9)
 Open 116 (89.9) 341 (88.1)

Use of mesh 94 (72.9) 299 (77.3) 0.371
Type of stoma
 Ileostomy 64 (49.6) –
 Colostomy 65 (50.4) –

Type of anastomosis
 Ileo-ileal 36 (27.9) –
 Ileo-colonic 25 (19.4) –
 Ileo-rectal 3 (2.3) –
 Colo-colonic 28 (21.7) –
 Colo-rectal 37 (28.7) –
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defect size was 10 cm (IQR 6–15 cm) in patients who had 
mesh reinforcement compared with 3 cm (IQR 1–10 cm) in 
patients who underwent a sutured repair (p < 0.001). Sixty-
four (49.6%) patients underwent ileostomy closure and 65 
(50.4%) patients underwent colostomy closure.

Reoperation for hernia recurrence

Twenty-three (17.8%) and 41 (10.6%) patients underwent 
reoperation for hernia recurrence after incisional hernia 
repair concurrent to stoma closure and incisional hernia 
repair only, respectively. The median time to reoperation 
for hernia recurrence was 1.6 years (IQR 0.8–2.6 years). 
The risk of reoperation for hernia recurrence was signifi-
cantly increased after incisional hernia repair concurrent to 
stoma closure compared with incisional hernia repair only 
(HR 1.69, 95% CI 1.01–2.82, p = 0.044). A multivariable 
model adjusting for the matching variables showed similar 
results (HR 1.72, 95% CI 1.03–2.87, p = 0.039). The five-
year cumulative incidence of reoperation for recurrence 
was 15.9% (95% CI 9.5–22.3%) and 9.6% (6.6–12.6%) after 
incisional hernia repair concurrent to stoma closure and 
incisional hernia repair only, respectively. The cumulative 
incidence of reoperation for hernia recurrence is shown in 
Fig. 1. Compared with the full cohort, similar results were 
found in a subgroup univariable analysis of patients who 
had mesh reinforcement (HR for reoperation for hernia 
recurrence after concurrent procedure versus incisional 
hernia repair only 1.54, 95% CI 0.85–2.79, p = 0.159). In 

a subgroup analysis of patients who underwent incisional 
hernia repair concurrent to stoma closure, there was a non-
significant increased risk of reoperation for recurrence fol-
lowing ileostomy vs. colostomy closure (HR 1.89, 95% CI 
0.79–4.55, p = 0.153).

Secondary outcomes

LOS was significantly increased for patients who underwent 
incisional hernia repair concurrent to stoma closure com-
pared with incisional hernia repair only [median 8 days (IQR 
5–12 days) versus 3 days (1–7 days), p < 0.001]. Thirty-eight 
(29.5%) patients underwent reoperation within 30 days after 
incisional hernia repair concurrent to stoma closure com-
pared with 72 (18.6%) patients after incisional hernia repair 
only (p = 0.013, Table 2). In a multivariable analysis, the 
risk of reoperation for hernia recurrence was increased in 
patients who underwent reoperation within 30 days com-
pared to patients who did not (HR 2.04, 95% CI 1.17–3.52, 
p = 0.011). Seven (5.4%) patients who underwent incisional 
hernia repair concurrent to stoma closure were reoperated 
for anastomotic leakage. Of these, two patients subsequently 
underwent reoperation for hernia recurrence. There was no 
difference comparing stoma type and anastomosis type on 
the risk of anastomotic leakage (p = 0.425 and p = 0.610, 
respectively). There was no difference in readmission rates 
within 30 days for patients who underwent incisional hernia 
repair concurrent to stoma closure compared with incisional 
hernia repair only (p = 0.251).

Fig. 1  Cumulative incidence of 
reoperation for hernia recur-
rence after incisional hernia 
repair with and without concur-
rent stoma closure
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Sensitivity analyses

To assess the impact of anastomotic leakage, additional 
analyses were performed excluding the seven patients 
who had anastomotic leakage after a concomitant proce-
dure (122 patients compared with 387 patients with inci-
sional hernia repair only). Compared with incisional hernia 
repair only, LOS was significantly increased after con-
current stoma closure (median 8 and 3 days, p < 0.001). 
There was no significant difference in reoperation rates 
within 30 days (31/122 = 25.4% versus 72/387 = 18.6%, 
p = 0.133). The rates of reoperation for hernia recurrence 
were 21/122 = 17.2% and 41/387 = 10.6%, respectively. In a 
multivariable Cox regression analysis, there was no signifi-
cant difference between the groups (concomitant procedure 
vs incisional hernia repair only HR 1.62 95% CI 0.96–2.75, 
p = 0.074).

Discussion

In the current study, concurrent stoma closure was associ-
ated with an increased risk of reoperation for hernia recur-
rence and increased LOS and risk of reoperation within 
30 days after incisional hernia repair. This is the first study to 
examine hernia-related outcomes following incisional hernia 
repair with or without concurrent stoma closure.

Studies have reported acceptable outcomes following the 
repair of contaminated ventral hernias [12–14]. However, the 
risk of wound morbidity and hernia recurrence increase with 
the severity of contamination, in particular dirty/infected 
wounds (CDC wound class 4) [15–18]. The results of the 
current study indicate that the risk of hernia recurrence is 
significantly increased after incisional hernia repair with a 
clean-contaminated versus clean wound (CDC wound class 

1 versus 2), representing the common circumstances for 
elective incisional hernia repair concurrent to stoma closure 
and elective incisional hernia repair only. Apart from the 
associated wound class, other factors reflecting the increased 
complexity of a concurrent procedure might also affect the 
risk of recurrence.

Consistent with the present findings, increased financial 
costs for combined ventral hernia repair and stoma closure 
compared with two separate procedures have been reported, 
thus advocating for a dual-stage approach from an economi-
cal point-of-view [19]. In the present study, data on a stoma 
closure prior to an incisional hernia repair was not included. 
Thus, more studies are needed to grasp all clinical conse-
quences of a single- versus dual-stage procedure for the 
management of a temporal stoma and coexistent incisional 
hernia. Not surprisingly, the combined procedure was asso-
ciated with an increased LOS. For a combined procedure, 
the limiting factor for discharge will typically be the assur-
ance of anastomosis viability. LOS after a compared proce-
dure should ideally be compared with both hospital stays of 
a staged procedure. A previous study examined concurrent 
incisional hernia repair and stoma closure compared with 
stoma closure only [20]. The study found an increased risk 
of anastomotic leakage requiring surgery in patients under-
going concurrent incisional hernia repair (22% versus 2.4% 
after stoma closure only, p = 0.002). Contrary, in this larger 
study, only 5.4% of patients who underwent incisional hernia 
repair concurrent to stoma closure underwent reoperation for 
anastomotic leakage. Thus, adding incisional hernia repair 
to stoma closure does not seem to have a substantial impact 
on anastomotic failure rates.

Some patients undergoing a combined stoma closure and 
hernia repair may have been reoperated for hernia recur-
rence at the stoma closure site, as the precise location of the 
operated incisional hernia is not registered in the DHDB. 

Table 2  Short-term outcomes 
after elective incisional 
hernia repair with or without 
concurrent stoma closure, 
N = 516

Numbers are median (interquartile range) or N (%)
a  Including reoperation for anastomotic leakage

Variable Concomitant stoma 
reversal

Incisional hernia repair 
alone

p

N = 129 N = 387

Length of stay, days 8 (5–12) 3 (1–7)  < 0.001
30-day reoperation rate 38 (29.5) 72 (18.6) 0.013
 Explorative laparotomy 1 (0.8) 3 (0.8)
 Superficial surgical site infection 12 (9.3) 30 (7.8)
 Deep surgical site  infectiona 7 (5.4) 4 (1.0)
 Deep bleeding 3 (2.3) 2 (0.5)
 Bowel resection 3 (2.3) 0 (0.0)
 Small bowel obstruction 0 (0.0) 2 (0.5)
 Other 12 (9.3) 31 (8.0)

30-day readmission rate 40 (31.0) 98 (25.3) 0.251
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Incisional hernia formation at the stoma closure site is 
reported in up to 36% of patients [21, 22]. Prophylactic 
mesh-reinforcement at the stoma closure site is an option 
for a single-stage procedure, to decrease the risk of a stoma 
closure-site hernia [23].

In this study, 27.1% of the patients with a concurrent pro-
cedure underwent a sutured incisional hernia repair. Suture 
repair was performed for small defects (median 3 cm trans-
verse defect size); however, a mesh is recommended for inci-
sional hernia repair, irrespective of defect size, to reduce 
the risk of recurrence [24]. Reasons for omitting mesh rein-
forcement in the current study were not available. Although 
all patients were registered as undergoing incisional hernia 
repair in the DHDB, a concurrent procedure without mesh 
might not have been considered a devoted single-stage pro-
cedure by the operating surgeon. This might have biased the 
results, albeit mesh or suture repair was one of the matching 
variables. However, compared with the full cohort, similar 
results were found in a subgroup analysis of mesh repairs 
only, although without reaching statistical significance. If the 
hernia does not recur, the patient is spared from additional 
surgery. In case of recurrence, reoperation after a suture 
repair is typically not more complicated compared with the 
previous repair. However, if a more extensive hernia repair 
was performed concomitant to stoma closure, e.g. including 
component separation, a reoperation for hernia recurrence 
might be overly complicated as the intended surgical planes 
may be difficult to enter, i.e., “burned bridge” [4].

This study had several limitations. Although propensity-
score matching was performed, there was a risk of selection 
bias due to the retrospective observational study design. 
Data on important predictors of hernia recurrence and anas-
tomotic leakages such as body mass index, use of tobacco 
and diabetes mellitus was not available. The incisional her-
nia was not registered according to the European Hernia 
Society classification, as this information was not part of 
the Danish Hernia Database at the time of our study [25]. 
In the current study, only surgical site occurrences requir-
ing surgical reintervention were included since conserva-
tively managed complications are not part of the Danish 
Hernia Database. Thus, the true incidence of surgical site 
occurrences after incisional hernia repair with and without 
concomitant stoma closure in this study remains unknown. 
Further, the Danish Hernia Database has no data on symp-
toms related to the incisional hernia or quality of life, neither 
pre- or postoperatively. Therefore, we have no information 
about any hypothetical differences in patient-reported out-
comes after incisional hernia repair with or without con-
comitant stoma closure. For patients undergoing concurrent 
stoma closure and incisional hernia repair, the time from 
stoma creation was not available. Furthermore, mesh type 
and placement and reasons for readmission within 30 days 
were not uniformly registered and thus not available for 

analysis. Strengths of the study include the use of nationwide 
data with a complete follow-up, constituting high external 
validity.

Concurrent incisional hernia repair and stoma closure led 
to worse outcomes compared with incisional hernia repair 
only. It seems that anastomotic leakage was a substantial fac-
tor for worse outcomes in the concomitant procedure group. 
The decision to perform a single- or dual-stage approach 
should be carefully evaluated and discussed with each indi-
vidual patient. In patients with a low risk of anastomotic 
leakage and other complications, a single-stage approach 
might be preferred, as an additional surgical procedure 
seems avoidable in a majority of patients. However, based 
on these findings, it is suggested that stoma closure and 
incisional hernia repair should be performed as a dual-stage 
procedure to decrease the risk of hernia recurrence.

Data availability Disaggregated data used in this study are available 
on request.
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