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Abstract

Purpose Standardization of abdominal wall closure is suggested to improve quality and reduce the risk for late abdomi-
nal wall complications. The purpose of this study was to explore the impact of a structured introduction of guidelines for
abdominal wall closure on the rates of incisional hernia and wound dehiscence.

Methods All procedures performed via a midline incision in 2010-2011 and 20162017 at Capio St Goran’s Hospital were
identified and assessed for complications and risk factors.

Results Six hundred two procedures were registered in 2010-2011, and 518 in 2016-2017. Four years after the implemen-
tation of new guidelines, 93% of procedures were performed using the standardized technique. There was no significant
difference in the incidence of incisional hernia or wound dehiscence between the groups. In multivariate Cox proportional
hazard analysis, BMI > 25, wound dehiscence, and postoperative wound infection were found to be independent risk factors
for incisional hernia (all p <0.05). In multivariate logistic regression analysis, male gender and chronic obstructive pulmonary
disease were risk factors for wound dehiscence (both p < 0.05).

Conclusions The present study failed to show a significant improvement in rates of incisional hernia and wound dehiscence
after the introduction of Small Stitch Small Bites. When introducing a new standardized technique for closing the abdomen,
education and structural implementation of guidelines may have an impact in the long run. The risk factors identified should
be taken into consideration when closing a midline incision to identify patients with high risk.
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Introduction

The midline abdominal incision is widely used in abdominal
surgery since it enables access to the whole abdominal cav-
ity, spares nerves, and vessels [1, 2], and is an efficient way
to open and close the abdomen [3-5]. The midline incision,
however, entails a higher rate of complications compared
to other abdominal incisions [3, 4, 6-8]. It is well-known
that the surgical technique used for closing midline incisions
affects the risk for wound complications. In 2011, Milbourn
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et al. presented a study favouring a technique named the
Small Stitch Small Bite (SSSB) technique that dramatically
decreased the incidence of incisional hernia [9]. No risk
factor for incisional hernia besides the surgical technique
used was found. These results were later corroborated by
Deerenberg et al. [10]. SSSB is the technique recommended
by the European Hernia Society for closing midline abdomi-
nal incisions since 2014 [11]. However, even when using
SSSB, there is a small risk for incisional hernia and wound
dehiscence. To identify patients that require more extensive
measures than SSSB alone to prevent wound dehiscence and
incisional hernia, risk factors for these complications must
be explored.

In this study, we intended to investigate how the introduc-
tion of SSSB in 2012 as standard surgical technique influ-
enced the rate of midline incision complications in a real-life
material. We chose to include acute surgery in the study as
our hospital has a profile of acute surgery. All cases per-
formed in 20162017 were included in the study, to compare
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complications, and risk factors with cases performed prior
to introduction in 2010-2011 were chosen as controls. The
primary aim was to investigate the difference in incisional
hernia and wound dehiscence rates between the cohorts. A
secondary aim was to investigate any significant risk factors
for incisional hernia and wound dehiscence.

Methods

Based on the evidence presented by Milbourn et al. [9],
Capio St Goran’s Hospital implemented SSSB as the stand-
ard technique for midline incision closure. Before the new
guidelines were introduced, closing the abdominal wall was
done at the surgeon’s choice. The predominating technique
for closing the abdomen was a running polydioxanone (PDS)
0 loop suture, using a large needle, no notation of layers
included or suture length to wound length quote. In the
local guidelines (Attachment 1) revised in June 2012, the
full SSSB technique is described step by step. The surgeon is
instructed to use a 2—0 PDS suture on a small needle, to take
small bites of only aponeurosis, to measure wound length
and suture length, and to analyze the suture length to wound
length ratio. The suture length, wound length, and ratio are
noted in the medical record in a separate notation. To obtain
a deep organizational learning of the new technique, we used
a double loop learning process [12]. Before the implementa-
tion, all surgeons were educated in the new technique and
got the chance to present their thoughts through local semi-
nars where the technique was discussed. There were guest
lectures by experts of the SSSB technique, and organized
self-studies. During the first 6 months, the surgical technique
used was monitored closely so that all surgeons cohered.

Fig. 1 Flowchart of the study
assembly
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In this follow-up, all abdominal procedures performed in
2010-2011 and 20162017 were identified through a search
for ICD10 codes in the Cambio COSMIC medical records
database [13]. Assuming a difference of 5% of the prevalence
of incisional hernia between the groups, the power calcula-
tion predicted that 400 patients had to be included in each
group. The time frames for the study were chosen to include
sufficient number of patients. Laparoscopic cholecystec-
tomy, laparoscopic appendectomy, anal and perianal surgery,
and bariatric surgeries were excluded from the search. The
list was then cleared of all remaining laparoscopic surgeries
and surgeries not performed through a midline incision. In
a last step, patients not fitting the study, for example, where
the abdomen was left open, were excluded. Figure 1 shows
a flowchart of the study assembly. All remaining cases were
then reviewed by two examiners. In the review, each patient
record was scanned, starting at the index operation where we
extracted data on potential patient-related risk factors and
verified that the procedure was performed through a midline
incision. The surgery records were reviewed to determine
whether the study criteria were completed. A case was con-
sidered to fulfil the criteria of SSSB if an appropriate suture
was used and the suture length, wound length, and ratio over
4:1 were correctly noted in the operation records. All patient
records were reviewed until the end of the study period to
find postoperative complications, and date of death. The
endpoint “incisional hernia” was defined as either a clini-
cally evident hernia noted on routine follow-up radiology or
visits, incisional hernia accidently diagnosed clinically or by
radiology on other visits to the hospital where the abdomen
was examined, or surgery for incisional hernia during the
follow-up period. There was no standardized protocol for
follow-up for all laparotomies. Patients have been followed
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according to the protocols for each disease. The present
follow-up of patients includes medical records and radiol-
ogy reports from all contacts to the hospital until 31 March
2020. “Wound dehiscence” was defined as a clinically evi-
dent fascial dehiscence noted and treated conservatively in
the postoperative period, or an acute reoperation for wound
dehiscence. End of follow-up for patients in the study was
defined as date of death registered in Cambio COSMIC soft-
ware, 31 December the year the patient died in cases where
the exact date of death was not known, or 31 March 2020.
Follow-up time was set to a maximum of 3 years for all
patients to make the groups more conform. Events occurring
after 3 years were censored.

Statistical analyses were performed using SPSS 26.0.
Analyses were performed to estimate incisional hernia and
wound dehiscence rates and to assess the impact of poten-
tial risk factors. In the intention to treat analysis, patients
undergoing surgery in 2016-2017 were compared to controls
undergoing surgery in 2010-2011. We also performed per
protocol analysis where all patients sutured with appropri-
ate SSSB technique, with the ratio noted in the operation
records, were compared to controls sutured at the surgeon’s
choice. Risk factors for wound dehiscence were analyzed in
uni- and multivariate logistic regression analysis; variables
assumed to be risk factors at the beginning of the study were
included in the multivariate analysis. Risk factors for inci-
sional hernia were analyzed in uni- and multivariate Cox
proportional hazard analysis [14]; adjustment was made for
all covariates assumed to increase the risk for development
of incisional hernia. Subgroup analyses were performed to
investigate risk factors in each group. And potential risk fac-
tors were also analyzed for the two groups combined. All
analyses were performed with an intention to treat approach
comparing the early and late cohort.

Fig.2 Cumulative incidence
of incisional hernia related to
surgical technique

10%

8%

Results

Altogether, 1120 midline laparotomies were included in
the study, 518 in the 2016-2017 study cohort and 602 in
the 2010-2011 control cohort. Mean follow-up time was
32 and 73 months in the study and control groups, respec-
tively. The rate of emergency surgery was approximately
60% in both groups. In the study cohort, 481 (93%) appro-
priate SSSB suturing was applied and a sufficient suture
length to wound length ratio (>4:1) was noted in the pro-
cedure notes compared to 7 (1%) in the control cohort.
Altogether, 31 procedures in the study cohort and 593 pro-
cedures in the control cohort were closed at the surgeon’s
choice. No significant differences in wound dehiscence
rates and incisional hernia rates were seen between the
two cohorts. In a per protocol analysis, cases sutured with
SSSB were compared to procedures closed according to
surgeon’s choice. There was no significant differences in
incisional hernia or wound dehiscence between the groups
in the per protocol analysis.

A total of 51 patients developed wound dehiscence,
17 (3.5%) in the SSSB group and 33 (5.3%) of surgeon’s
choice closure group (p =0.15). Of these, 44 required
emergency reoperation, 15 in the SSSB group and 29 in
the surgeon’s choice group. Nine patients (18%) with a
documented wound dehiscence later developed an inci-
sional hernia.

In the SSSB group, 21 (4.3%) and, in the surgeon’s
choice group, 32 (5.1%) developed incisional hernias
(p=0.52). There was no significant difference in sur-
vival analysis between the groups. Figure 2 shows
Kaplan—Meier curves for the incidence of incisional her-
nia between the groups (p =0.40 log rank). Surgical site
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infection (SSI) that required antibiotic treatment was seen
in 15 patients (3.1%) in the SSSB group and 23 (3.7%) in
the surgeon’s choice group. This difference was not statis-
tically significant.

Table 1 shows background data and a comparison of
the two study cohorts. In the subgroup multivariate anal-
ysis of the SSSB cohort, male gender (p =0.03) and SSI
(p=0.03) were significant risk factors for wound dehiscence.
BMI > 25 (p=0.002), SSI (p <0.001), and wound dehis-
cence (p=0.009) proved to be risk factors for incisional her-
nia. Acute surgery, high age, chronic obstructive pulmonary
disease (COPD), and previous midline incision did not show
significant association in this group.

Tables 2 and 3 present the results of univariable and mul-
tivariable analyses of potential risk factors for incisional
hernia and wound dehiscence in the two cohorts combined.

Male gender (p=0.003) and COPD (p =0.022) were
significant risk factors for wound dehiscence. History of a
previous midline incision (p =0.051) and SSI (p =0.053)

showed tendencies to increased risk of wound dehiscence,
although not significant at the p < 0.05 limit.

Cox proportional hazard regression analysis identified
BMI>25 (p=0.004), SSI (p=0.01), and wound dehiscence
(»<0.001) as independent risk factors for incisional hernia.
Figures 3, 4, and 5 show Kaplan—Meier curves for incisional
hernia related to the significant risk factors.

Discussion

In the present study, no significant differences in incisional
hernia, wound dehiscence, or surgical site infection rates
before and after the introduction of SSSB for abdominal
closure were found.

Of the patients included, 60% underwent acute surgery.
This may have affected the outcome as the SSSB technique
is yet to be evaluated for emergency surgery. Tolstrup et al.
[15] showed that there was a significant decrease in wound

Table 1 Background data and

. Background data Closure method Total  Sig
a comparison of the two study
cohorts Surgeons SSSB
choice
N % N % % p
Sex Female 325 52% 266 55% 53% 0.44
Male 298  48% 222 45% 47%
Age <70 276 44% 223 46% 45% 0.63
>70 348 56% 265  54% 55%
ASA 1 68 14% 50 32% 12% 0.36
2 198  40% 173 38% 39%
3 193 39% 193 42% 41%
4 32 6.5% 41 9.0% 7.7%
5 1 02% 1 02% 0.2%
BMI <25 287  46% 250  51% 48% 0.08
>25 337 54% 238 49% 52%
Acute surgery Acute 372 60% 289 59% 59% 0.89
Elective 252 40% 199 41% 41%
Serum albumin <30 71 11% 64 13% 12% 0.37
Diabetes 70 11% 56 11% 11% 0.91
COPD 62 99% 47 9.6%  9.8%
Previous midline incision 175 28% 128 26% 27% 0.45
Postop wound infection Ja 23 37% 15 31% 34%  0.56
Type of surgery Appendectomy 20 32% 17 35% 33%  0.07
Bile ducts, liver 5 08% 0 0.4%
Explorative laparotomy 102 16% 72 15% 16%
Hernia 3 0.5% 1 02% 0.4%
Miscellaneous 9 14% 2 0.4% 1%
Rectal cancer 53 8.5% 18 37%  6.4%
Small intestine and colon 408  65% 361 74% 69%
Splenectomy 4 0.6% 2 04%  0.5%
Stomach and duodenum 20 32% 15 31% 3.1%
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T.able 2 .Wopnd dehiscen.ce . Univariate analysis P Multivariate analysis )4
risk. Univariate and multivariate . .
analysis Odds ratio (95% con- Odds ratio (95% confi-
fidence interval) dence interval)
Primary procedure 2016-2017 (refer-  0.70 (0.39-1.26) 0.231 0.72 (0.40-1.31) 0.283
ence category 2010-2011)
Male (ref women) 1.94 (1.08-3.47) 0.027 2.57 (1.39-4.76) 0.003
Age>70 years (ref age <70 years) 1.78 (0.97-3.26) 0.063 1.02 (0.99-1.03) 0.130
Acute surgery (ref elective surgery) 1.21 (0.67-2.18) 0.526 1.30 (0.71-2.38) 0.399
BMI > 25 (ref BMI<25) 0.78 (0.44-1.37) 0.385 0.76 (0.43-1.36) 0.361
COPD 2.36 (1.15-4.87) 0.020 2.40 (1.13-5.10) 0.022
Previous midline incision 1.82 (1.02-3.26) 0.043 1.82 (0.999-3.32) 0.051
Postoperative wound infection 2.56 (0.87-7.51) 0.087 2.98 (0.988-8.96) 0.053
Tab.Ie 3, Incisional h.erni.a risk. Univariate analysis P Multivariate analysis p
Univariate and multivariate ) .
analysis Hazard ratio (95% Hazard ratio (95%
confidence interval) confidence interval)
SSSB (ref surgeons choice) 0.790 (0.455-1.370) 0.401 0.782 (0.442-1.424) 0.432
Male (ref women) 1.58 (0.92-2.72) 0.100 1.120 (0.583-2.15) 0.734
Age >70 years (ref age <70 years) 0.79 (0.46-1.36) 0.391 0.994 (0.530-1.862) 0.984
Acute surgery (ref elective surgery) 0.57 (0.33-0.98) 0.041 0.601 (0.322-1.123) 0.984
BMI >25 (ref BMI<25) 2.38 (1.31-4.33) 0.004 2.404 (1.315-4.394) 0.004
COPD 0.84 (0.30-2.32) 0.731 0.836 (0.293-2.38) 0.737
Previous midline incision 1.49 (0.85-2.61) 0.165 1.420 (0.799-2.53) 0.232
Postoperative wound infection 3.61 (1.54-8.46) 0.003 3.463 (1.46-8.23) 0.01
Wound dehiscence 4.49 (2.68-11.26) 0.000 5.99 (2.82-12.75) 0.000
Fig.3 Cumulative incidence
of incisional hernia in different 10%
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dehiscence rates after implementation of the SSSB in emer-
gency surgery. This was not confirmed by this study. There
is, however, still a need for more data on how the SSSB
affects complications after emergency surgery.

The suegeon’s choice cohort had a low incisional hernia
rate compared to literature. Since this study is retrospective,
only incisional hernias that were clinically evident on fol-
low-up visits or CT scans were registered. It is well-known
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that about 50% of insicional hernias are asymptomatic and
only found on focused examination or radiology [10, 16, 17].
Karlsson et al. report an incisional hernia incidence of 25%
after colorectal cancer surgery in a study using postopera-
tive CT scans for the diagnosis [18]. In their study, 12% of
patients needed incisional hernia surgery. By extrapolating
this ratio to our study, the true incisional hernia rate in our
cohorts could be expected to be at least 10%, a level that is
generally considered acceptable in terms of patient safety. In
the prospective studies on the SSSB [9, 10], SSSB was com-
pared to a strict large bite technique. Since the findings of
Millbourn et al. [19] were well-known in 2010, the technique
diffused into clinical routine. The low rate of incisional her-
nia in the surgeons choice group could be due to the practice
of updated techniques already prior to the introduction of
SSSB as standard in 2012.

@ Springer
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The present study failed to show a significant reduction
of wound dehiscence following the introduction of SSSB.
Although wound dehiscence was not an endpoint in previous
studies on abdominal wall closure [9, 10], the rate was low
(1% of midline laparotomies). In a recently published similar
study, Albertsmeier et al. report an incident of wound dehis-
cence of 3.1% (1.40% in the small bite group and 4.76% in
the large bite group) [20].

In the study by Milbourn, emergency as well as elective
surgery was included [9]; in the studies by Deerenberg and
Albertsmeier, only planned procedures were included [10,
20]. In a retrospective study, Walming et al. report a wound
dehiscence rate of <4% (3.3% in the study group and 4% in
the control group) after midline laparotomy in a Swedish
population that included emergency as well as planned sur-
gery [21]. In a study on emergency laparotomies, Tolstrup



Langenbeck's Archives of Surgery (2022) 407:2527-2535

2533

et al. reduced the wound dehiscence rate from 6.6 to 3.8%
after the implementation of SSSB as a standard technique
[15]. The present study reports a 3.7% rate of wound dehis-
cence in a cohort with 60% acute surgery and where 30% of
patients were previously operated through a midline inci-
sion. This finding is coherent with the findings of Walm-
ing and Tolstrup [15, 21]. Millbourn reports a significantly
lower rate of wound dehiscence. In their cohort, patients
with previous midline incision were excluded. As was noted
by de Baux [22], comparing results is difficult due to the
these differences in inclusion and exclusion criteria that
affect the results.

In this study, surgical site infection rate was very low
compared to the study by de Vries [23]. Albertsmeier on the
other hand reports an incidence of 3.26% SSI in the small
bite group [20] witch is more congruent with the present
study. These differences might be due to diverging criteria
for surgical site infections. In this retrospective review, only
SSI that required specific antibiotic treatment was registered.
There may have been several cases of SSI in patients that
were already on antibiotic treatment that were not registered,
which may thus have biased the outcome.

Male gender, BMI > 25, and surgical site infection proved
to be significant risk factors for complication after midline
incision even when the SSSB was used.

When combining the groups, male gender, COPD, pre-
vious midline incision, and postoperative wound infection
were risk factors for wound dehiscence, while high BMI,
postoperative wound infection, and wound dehiscence were
risk factors for incisional hernia. These findings are in
accordance with findings from population-based studies on
patients undergoing surgery for colorectal cancer [24, 25].
Awareness of these risk factors when closing the abdomen
is an important step in the prevention of midline incision
complications.

There are some limitations to this study. We could not
retrieve data on all relevant risk factors, e.g. information
about tobacco use. There was no standardized follow-up
protocol and many patients only occasionally visited the
hospital in the follow-up period. Although all patients have
been followed for the whole study period, there is risk for
loss to follow-up as patients may have migrated, or been
diagnosed with an incisional hernia at other units. However,
these effects should not differ between the two groups and
cannot explain why there was no difference between groups.
At Capio St Goran’s hospital, there was a great focus on the
SSSB in 2012. This could have led to a Hawthorne effect,
i.e. of over diagnosing incisional hernia during this year, and
an overestimation of the difference in incidence of incisional
hernia between the surgeon’s choice and SSSB groups.

There is, as is pointed out by Garcia-Urea et al. [26], a
lack of intuitive understanding of the association between
meticulous care when closing the abdomen and the risk

for late incisional hernia. In the present study, SSSB was
applied in 93% of the procedures. In comparison, Tolstrup
et al. reported 73% [15]. Bluesmen et al. conducted a ques-
tionnaire study in 2019 where Dutch surgeons were asked
about the technique they used for closing midline inci-
sions, and found that very few followed the latest guide-
lines [27]. This suggests that structural implementation
and education using the principles of organizational learn-
ing are important and may have a long-lasting effect.

Conclusion

The present study failed to show a significant improvement
in rates of incisional hernia and wound dehiscence after
the introduction of SSSB.

Results show that 4 years after the structured introduc-
tion, there was still a very good compliance to the guide-
lines on surgical technique.

Incidence of wound dehiscence after midline incision in
a mixed population of acute and elective surgery is approx-
imately 3.7%, and the incidence of incisional hernia in the
same population is approximately 4.3%.

The present study showed that Male gender and
BMI > 25 are independent risk factors for complications
after midline incision, even when an SSSB technique is
used. Taking these risk factors in consideration may help
to identify high-risk patients where further prophylactics
are indicated.
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