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Abstract

Background: Burst abdomen (BA) is a severe complication after abdominal surgery, which often requires urgent
repair. However, evidence on surgical techniques to prevent burst abdomen recurrence (BAR) is scarce.

Methods: We conducted a retrospective analysis of patients with BA comparing them to patients with superficial
surgical site infections from the years 2015 to 2018. The data was retrieved from the institutional wound register. We
analyzed risk factors for BA occurrence as well as its recurrence after BA repair and surgical closure techniques that
would best prevent BAR.

Results: We included 504 patients in the analysis, 111 of those suffered from BA. We found intestinal resection (OR
172.510; 22.195-1340.796, p < 0.001), liver cirrhosis (OR 4.788; 2.034-11.269, p < 0.001) and emergency surgery (OR
1.658; 1.050-2.617; p=0.03) as well as postoperative delirium (OR 5.058; 1.349-18.965, p =0.016) as the main predic-
tor for developing BA. The main reason for BA was superficial surgical site infection (40.7%). 110 patients received
operative revision of the abdominal fascial dehiscence and 108 were eligible for BAR analysis with 14 cases of BAR.
Again, post-operative delirium was the patient-related predictor for BAR (OR 13.73; 95% Cl 1.812-104-023, p=0.011).
The surgical technique of using interrupted sutures opposed to continuous sutures showed a preventive effect on
BAR (OR 0.143, 95% Cl 0.026-0,784, p =0.025). The implantation of an absorbable IPOM mesh did not reduce BAR, but
it did reduce the necessity of BAR revision significantly.

Conclusion: The use of interrupted sutures together with the implantation of an intraabdominal mesh in burst abdo-
men repair helps to reduce BAR and the need for additional revision surgeries.

Keywords: Burst abdomen, Abdominal fascial dehiscence, Burst abdomen recurrence, Interrupted sutures, IPOM
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Background

Burst abdomen (BA), or abdominal fascial dehiscence,
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even higher frequency after emergency surgery [3]. The
occurrence of fascial dehiscence represents a risk factor
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for increased mortality rates of up to 25% [4, 5]. It is char-
acterized by a breakdown of all abdominal layers [6, 7]. In
the early postoperative phase with non-adherent bowel
urgent repair of the abdominal wall is mandatory to pre-
vent evisceration and infection of the abdominal cavity
[6, 7] as a delayed closure might increase morbidity [6].
Only small fascial defects, adherent bowel or poor patient
conditions might favor a conservative approach [7].

Risk factors for abdominal fascial dehiscence have been
studied in the past. As most important risk factors, surgi-
cal site infections [4, 5, 8—10], coughing or chronic lung
disease [5, 8, 10] and hypoalbuminemia have been men-
tioned [9, 10]. Other risk factors have been suggested
but were significantly predominant in certain cohorts,
i.e. chronic steroid use [4, 5], diabetes mellitus [9] or
hypertension [5]. Combining several common risk fac-
tors has been used to establish risk stratification scores
for the preoperative risk assessment of BA development
in the US [11] and the Netherlands [5]. Diagnostic accu-
racy has been validated to be acceptable [4] (sensitivity
and specificity of 94% and 48% [11] and 98% and 20% [5],
respectively).

There have been multiple studies on the best modali-
ties of fascial closure after elective abdominal surgery
procedures, comparing continuous to interrupted or
absorbable to non-absorbable sutures. In the end, no sig-
nificant differences have been found with regard to burst
abdomen or incisional hernia in meta-analyses [12, 13].
Generally, the risk of incisional hernia after abdominal
surgery ranges from 12 to 25% [1, 14] and reaches inci-
dences as high as 83% after burst abdomen [15].

So far, previous studies and existing data mainly focus
on primary abdominal closure after surgery with the
aforementioned outcome parameters. Nevertheless, evi-
dence is scarce on how to close burst abdomen to pre-
vent its recurrence. Past studies have raised evidence that
retention sutures should not be used in abdominal fascial
dehiscence repair [16, 17]. Recently, Jensen et al. stated
that the introduction of a small-bites technique with con-
tinuous slowly absorbable suture reduced the recurrence
of burst abdomen remarkably [18]. This reflects the cur-
rent recommendations of the European Hernia society
(EHS) to use slowly absorbable monofilamentous con-
tinuous sutures in burst abdomen repair. Those recom-
mendations are, nonetheless, based on clinical expertise
but not on study data [19].

Although, implanting a prosthetic, non-absorbable
mesh during burst abdomen repair surgery seemed to
prevent recurrence of fascial dehiscence and did reduce
incisional hernia [20-22], significant morbidity due to
mesh infections has been reported. It appears that even
the use of absorbable meshes results in relevant mesh
related complications [23].
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Thus, the question remains, which strategy might be
the best to avoid recurrence of burst abdomen in accord-
ance with its respective etiology, taking into account
suture techniques and techniques for abdominal wall
reinforcement.

We therefore conducted an analysis of our prospective
clinical wound register, with the aim to find out the risk
factors for BA and its recurrence and if a certain suturing
technique or the implantation of meshes would prevent
burst abdomen recurrence (BAR).

Methods

Patient inclusion and stratification

We implemented an institutional wound register in our
hospital, a tertiary referral hospital, for abdominal super-
ficial surgical site infections (SSSIs) in 2019. In this study,
we report the results for the time span from 2015 to 2018
of our retrospective cohort.

For patient inclusion, we sought the electronic patient
charts for ICD-codes of infectious complications (T81.3,
T81.4, T81.8) and OPS codes for wound debridement or
V.A.C. therapy. We included all abdominal procedures of
general and abdominal surgery. Patients with abdominal
vascular procedures, i.e. abdominal aortic repair, were
excluded due to the low case-load of open opposed to
endovascular procedures in our institution. Furthermore,
abdominal closure in these operations was not performed
by abdominal surgeons. We also excluded patients with
organ space abscesses with no need for surgical interven-
tion, if this was their only SSI. Patients who were referred
to our department after primary surgery elsewhere, were
excluded to ensure data quality. Follow-up is based on
the electronic patient charts.

The analyzed groups and subgroups are presented in
Fig. 1.

Surgical site infections (SSI)

According to the definition of the American “Center for
Disease Control” (CDC), a postoperative superficial sur-
gical site infection (SSSI) is when: (1) the surgical wound
shows signs of local inflammation (swelling, tenderness,
purulent secretion, erythema, pain), (2) the treating phy-
sician opens the wound or (3) a pathogen can be isolated
from the wound within 30 days from surgery. For the def-
inition of burst abdomen, we refer to the definition given
in the introductory paragraph.

In our department, we have a specialized group of
nurses, who are dedicated to wound care of complex
wounds. All wounds are documented in the electronic
patient chart with the respective measures and the
applied dressings.
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Fig. 1 Algorithm of included patients and subgroups. S5/ surgical site infections; BA burst abdomen; Of 111 patients one received a conservative
treatment, two were excluded from further analysis as they were operated on for other causes than recurrent BA

We administer cefuroxime and metronidazole as sin-
gle shot antibiotics preoperatively or cefuroxime only in
cases of upper GI surgery for SSI prevention.

Surgical technique

In our department, all median laparotomies are
closed with 2 looped number 1 PDS sutures (Ethicon,
Johnson&Johnson, Norderstedt, Germany) in a mass
suturing technique. Oblique incisions are closed with
two separate running PDS sutures for anterior and pos-
terior rectus sheath. BA is diagnosed clinically during
wound inspection on the surgical ward or occasionally
during revision laparotomy. Generally, a thorough explo-
ration of the abdominal cavity is performed during revi-
sion surgery to check for intra-abdominal pathologies or
other underlying causes for BA. Depending on the fascial
quality, the fascial defect will be closed either with con-
tinuous looped number 1 PDS or interrupted number 2
Vicryl sutures (Ethicon, Johnson&Johnson, Norderstedt,
Germany) according to the surgeon’s discretion. If the
fascial quality seems insufficient for primary fascial clo-
sure or would be closed with tension, a Vicryl mesh can
be placed in IPOM position before the fascia is closed. If
closure of the fascial defect is impossible due to extensive
fascial necrosis or intestinal edema, a Vicryl mesh will be
placed in the inlay position to prevent evisceration and,

subsequently, a V.A.C. dressing (KCI, Acelity, Wiesbaden,
Germany) will be installed to create a laparostomy.

Clinical parameters

Of all patients, the following patient inherent and pro-
cedure specific parameters were assembled in our data-
base: primary procedure, main diagnosis, comorbidities
and data of their postoperative course, including general
complications and length of stay (LOS). Additionally, we
recorded data about the operative setting, such as emer-
gent or elective procedure, type of laparotomy, surgical
approach (laparoscopic or open), duration of primary
surgery (DOS), wound contamination class according to
CDC and postoperative ICU stay. Albumin levels at the
time of SSI development were recorded if available.

We collected further information for the patients who
developed a BA: condition of abdominal fascia as reason
for BA, total number of revisions, type of BA closure,
implantation of mesh and its respective position within
the abdominal wall (intraperitoneal onlay mesh=IPOM,
fascial bridging =inlay), recurrence of BA, postoperative
enteroatmospheric fistula and if skin closure was possi-
ble during the course of treatment. The data on reason
for BA and technical features of BA closure as well as the
presence of intraabdominal abscesses were taken from
the operation report of the BA closure procedure. The
reason for BA is classified as technical with unimpaired
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fascial quality (i.e. breaking of suture material), superfi-
cial infection (if a subcutaneous wound infection existed
with simultaneous fascial dehiscence) or fascial necrosis
(if fascia mainly was necrotic with a vital non-infected
subcuticular layer).

Statistical analysis

We calculated frequencies of all dichotomous variables.
For continuous variables we tested for normal distri-
bution and calculated means with standard deviation
(£ SD) or median with interquartile range (IQR).

In the univariate analysis, the unpaired t-test or Mann—
Whitney-U-test was applied when testing for variance
of continuous variables as well as the Chi-Test or exact
Fisher Test for dichotomous or categorical variables. Sig-
nificance levels were set at p=0.05.

We used the binary logistic regression model with
backward stepwise selection to test for specific risk
factors of BA. We included all factors from the uni-
variate analysis that had reached a p-value of<0.1 and
considered results statistically significant in the multivar-
iate analysis if the p-value was <0.05. All risk factors are
expressed as odds ratio (OR) with their respective 95%
confidence interval (95% CI).

For data acquisition, we used Excel 2016 (Microsoft,
Miinchen, Germany) and SPSS 25 for data analysis (IBM
statistics, Ehningen, Germany).

The study is reported adhering to the STROCCSS 2019
statement on reporting of cohort studies in surgery [24].

Table 1 Patient comorbidities
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Results

Patients’ characteristics

In total, 504 patients with abdominal surgical site infec-
tions were enrolled in the study between 2015 and 2018.
There were 207 (41.1%) females and 297 (58.9%) males.
Of those, a total of 111 patients had BA, of which 69.4%
were male, compared to 56% males in the superficial sur-
gical site infections group (SSSI, p=0.011). The demo-
graphic and procedure specific data of the whole cohort
and the respective subgroups (BA group and SSSI group)
are shown in Tables 1 and 2, whereas Table 3 displays the
relevant postoperative complications of those groups.

All in all, patients with abdominal fascial dehis-
cence stayed approximately 6.5 days longer in hospital
compared to the SSSI group (32.50 days (IQR 18) and
26.00 days (IQR 22); p<0.001).

Univariate analysis of risk factors for burst abdomen (BA)
There was no difference between BA group and SSSI
group with regard to wound contamination class
(p=0.713), duration of surgery (0.745), and surgical
approach (p=0.524). But most of the SSI occurred after
open surgery (>90%).

Sex, intestinal resections, emergency setting and liver
cirrhosis reached the significance level in the univariate
analysis und have been entered into multivariate analysis
(Tables 1 and 2).

Chronic inflammatory disease as risk factor did
not reach significance levels (p=0.065) but will be

All patients Burst abdomen Superficial SSI other p value
(n=504) (n=111) than burst abdomen
(n=393)
Sex: male/female (%) 589/41.1 69.4/30.6 56/44 0.011*
Age in years 62.18 (£14.76) 63.59 (£14.58) 61.786 (£14.811) 0.254
Patient comorbidities (%)
Hypertension 62.1 64.9 61.3 0497
Peripheral artery disease 38 36 38 0917
Congestive heart failure/coronary artery 246 26.1 242 0673
disease

Liver cirrhosis 1.7 18.7 9.7 0.007*
Terminal renal insufficiency 54 6.3 5.1 0.619
Diabetes mellitus 254 20.7 26.7 0.200
Dementia 12 1.8 1.0 0.501
Past or present malignant disease 583 577 588 0.870
Past or present chemotherapy 244 243 244 0.982
Immunosuppressants 18.3 216 17.3 0.298
Chronic inflammatory disease 11.3 16.2 99 0.065
BMIin kg/m? 25.75 (IQR 48.3) 2635 (IQR 7.6) 25.7 (IQR 6.5) 0.542

All values are given as percentage or median (interquartile range)
*Significance level was set at p < 0.05

BMI body mass index
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All patients (n=504) Burst abdomen (n=111) Superficial SSI other than p value
burst abdomen (n=393)
Most frequent pathologies (> 5%)(%)
Malignancy lower Gl 16.7 11.7 18.1
Malignancy liver 133 189 11.7
Lower Gl inflammation 12.7 144 122
lleus 83 8.1 84
Abdominal wall hernia 83 36 9.7
Liver transplantation 7.3 9 6.9
Malignancy pancreas 6 54 6.1
Malignancy upper Gl 52 54 5.1
Mesenteric ischemia 1.6 54 0.5
Surgical approach (%)
Open/Laparoscopic 93.3/6.7 94.6/54 92.9/7.1 0.524
Most common types of laparotomy (%)
Median laparotomy 50 532 49.1
Transverse abdominal incision 12.3 13.5 120
Transverse abdominal incision with median 139 20.7 12.0
epigastric incision
Median laparotomy with subcostal incision 54 36 59
Pfannenstiel’s incision 26 36 23
Wound contamination class (%)
Clean 7.1 6.3 74 0.713
Clean-contaminated 46.6 46.8 46.3
Contaminated 19.2 225 183
Dirty 272 243 280
Duration of surgery in min 244.50 (£ 144.109) 248.70 (£ 148.715) 24232 (£142.32) 0.745
Intestinal resection (%) 226 423 17.0 <0.001*
Emergency surgery (%) 36.5 495 328 0.001*
All values are given as percentage or mean (& standard deviation)
*Significance level was set at p < 0.05
SSI surgical site infection, Gl gastrointestinal tract, BA burst abdomen
Table 3 Post-operative course and complications
All patients (n=504) Burst abdomen SSl other than burst p value
(n=111) abdomen (n=393)
ICU stay (%) 754 83.8 73 0.022*
Length of ICU stay in days 3 (IQR 70) 4,00 (IQR9) 3.00 (IQR 5) 0.131
Total length of stay in days 28 (IQR 20) 3250 (IQR 18) 26.00 (IQR 22) <0.001*
Postoperative complications (%)
Cardioembolic 8.7 135 74 0.043*
Pneumonia 7.5 9.0 7.1 0.507
Delirium 5.8 10.8 43 0.010*
Bleeding 6.2 1.7 46 0.058
Acute renal failure 355 459 326 0.010%
Death 4.8 9.9 33 0.004*
Albumin at time of SSI 27.39 (£5.96) 28.01 (£5.97) 2530 (£5.46) 0.002*

All values are given as percentage or mean (% standard deviation)

*Significance level was set at p < 0.05

V.A.C. vacuum assisted closure



Mehdorn et al. BMC Surg (2021) 21:208

considered for further analysis according to our criteria
mentioned above.

Patients with burst abdomen suffered more often from
acute renal failure (p=0.01), delirium (p=0.01) and had
higher mortality rates (9.9% vs 3.3%; p = 0.004). Addition-
ally, the plasma albumin levels at time of SSI were lower
in the BA group compared to the SSSI group (p =0.002).

Multivariate analysis of risk factors for BA

The multivariate analysis revealed the following parame-
ters as significant risk factors for BA: Intestinal resection
(OR 4.006; 2.456-6.535, p<0.001), liver cirrhosis (OR
2.568; 1.355-4.866, p=0.004) and emergency surgery
(OR 1.658; 1.050-2.617, p=0.03). Sex turned out to be
an important risk factor as well but failed to reach signifi-
cance levels (p=0.08).

Adding the postoperative complications to the regres-
sion model (acute renal failure, delirium and bleed-
ing) eliminated emergency surgery from the regression
model and included delirium (OR 5.058; 1.349-18.965,
p=0.016). Furthermore, in this newly calculated regres-
sion model, the odds ratios of the previously considered
risk factors for the development of an abdominal fascial
dehiscence also increased, especially for intestinal resec-
tion (OR 172.510; 22.195-1340.796, p<0.001) and to a
lesser extent for liver cirrhosis (OR 4.788; 2.034—11.269,
p<0.001).

Albumin levels at time of SSI were a significant risk fac-
tor (OR 0.911; 0.861-0.986, p=0.001). As this parameter
was only available in 270 patients, we disregarded it in
the final analysis, although it hints at low albumin levels
as risk factor for BA.

Table 4 Technical aspects of burst abdomen und its closure
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Characteristics of patients with burst abdomen (BA group)
Of all burst abdomen patients (n=111), 110 (99.1%) had
an operative revision. One patient (0.9%) was treated
conservatively, which was due to a palliative situation and
a limited fascial dehiscence.

Abdominal fascial dehiscence was mostly caused by
superficial infections (40.7%), fascial necrosis (20.4%) or
technical issues (13.9%). An intrabdominal abscess was
present in 12.7% of the revision laparotomies.

Technical details of BA closure can be found in Table 4.
During BA repair, complete fascial closure was achieved
in 69.4%, in the rest of the cases no fascial closure was
possible and subsequently an absorbable mesh was
implanted in inlay position for fascial bridging. No sig-
nificant tendency could be found as preferred method
of fascial closure (type of suture with or without IPOM
mesh, p=0.381).

Two patients developed enteroatmospheric fistula, one
after IPOM mesh implantation, the other after complete
fascial closure.

Univariate analysis of risk factors of burst abdomen
recurrence (BAR)

For the evaluation of burst abdomen recurrence (BAR),
two additional patients had to be excluded from the anal-
ysis as they were reoperated on for other reasons than
recurrent abdominal fascial dehiscence.

The patient comorbidities and post-operative compli-
cations for the comparison of BA and BAR groups can
be found in Tables 4 and 5. A recurrence of abdominal
fascial dehiscence took place in 14 cases (13%). From that
data, no significant differences between those two groups

Overall burst abdomen group  BA revision group Recurrent BA group p value
(n:108) (n:94) (n:14)
Fascial condition/reason for BA
(absolute number/relative frequency)
Unimpaired fascia/technical 15(13.9) 13(13.8) 2(143) 047
Superficial SSI 44 (40.7) 40 (42.6) 4 (28.6)
Fascial necrosis 22 (20.4) 17 (18.1) 5(35.7)
Not indicated 27 (25) 24 (25.5) 3(21.4)
Surgical techniques in patients with complete fascial closure at BA revision
Suture type and technique (n =69)
PDS continuous 25(36.2) 18 (31) 7 (63.6) 0.039*
Vicryl interrupted 44 (63.8) 40 (69) 4(36.4)
Vicryl mesh augmentation (n=75)
No mesh 51 (68) 43 (67.2) 8(72.7) 0.716
IPOM mesh 24(32) 21(32.8) 3(273)

All values are given as absolute numbers (relative frequencies). Fascial condition was lacking in two patients. The data for the type and technique of suture was lacking

in six patients
*Significance level was set at p < 0.05

BA burst abdomen, SS/ surgical site infection, PDS polydioxanone, IPOM intraperitoneal onlay mesh
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Table 5 Risk factors for recurrent BA

BA revision group (n=94) Recurrent BA group (n=14) p value
Sex: male /female (%) 65/29 10/4 0.863
Age (mean£SD) 63.227 (+14.487) 64.294 (+16.403) 0.785
Surgery related factors
(absolute number/relative frequency)
Intestinal resection 41 (43.6) 3(214) 0.115
Emergency 48 (51.1 4(28.6) 0.116
Comorbidities
(absolute number/relative frequency)
Hypertension 57 (60.6) 12 (85.7) 0.068
Peripheral artery disease 3(3.2) 1(7.1) 0465
Congestive heart failure/coronary artery disease 21(22.3) 6(42.9) 0.098
Liver cirrhosis 19 (20.2) 2(143) 0.601
Diabetes mellitus 18 (19.1) 5(35.7) 0.158
Dementia 1(1.1) 1(7.1) 0.115
Past or present malignant disease 53 (564) 19(71.4) 0.287
Past or present chemotherapy 23 (24.5) 4(28.6) 0.741
Immunosuppressants 22 (234) 2(14.3) 0.444
Chronic inflammatory disease 16 (17) 2(143) 0.798
BMIin kg/m2 (median +1QR) 26.2 (6.9) 302 (11.3) 0.537
Postoperative complications
(absolute number/relative frequency)
Cardioembolic event 1101.7) 2(14.3) 0.782
Pneumonia 9(9.6) 1(7.1) 0.770
Acute renal failure 41 (43.6) 8(57.1) 0.343
Delirium 8(8.5) 4(28.6) 0.026*
Bleeding 10(17.2) 2 (40) 0.233
Intraabdominal abscess 1101.7) 2(143) 0.782

All values are given as absolute numbers (relative frequency) or median (interquartile range)

*Significance level was set at p < 0.05

can be deduced with regards to comorbidities or surgical
techniques. The only significant difference was the type
and technique of suture that was used for BA closure
(p=0.039). Interrupted Vicryl sutures were more com-
monly used in the BA group without recurrence.

Although the implantation of an IPOM mesh did not
reduce BAR (p=0.678), the patients who had received an
IPOM mesh during revision laparotomy, needed signifi-
cantly fewer operative revisions for BAR (0/3=0% versus
8/8=100%, p=0.001).

Multivariate analysis of risk factors for BAR

All risk factors with a p<0.1 in the univariate analysis
were included in the stepwise binary logistic regression
modell: CAD/CHE, hypertension, type of suture, postop-
erative delirium. Finally, postoperative delirium was the
strongest predictor for developing BAR (OR 13.73; 95%
CI1.812-104-023, p=0.011). Whereas, using interrupted
Vicryl stitches as fascial closure technique confirmed to

be a preventive factor of BAR in the multivariate analysis
(OR 0.143, 95% CI 0.026-0,784, p=0.025).

Discussion

In this analysis of our institutional wound register, we
evaluated the risk factors for BA and RBA and the best
surgical treatment options of burst abdomen after
abdominal operations with an emphasis on burst abdo-
men recurrence.

The overall number of patients included in this study
is among the largest studies in this field [18, 20, 22, 25].
First and foremost, the reference group in our study is
not a standard control group of healthy individuals with
uneventful postoperative recoveries, but patients suffer-
ing from postoperative superficial surgical site infections
of all kinds. Therefore, it represents a selected collec-
tive which may over-represent risk factors for infectious
complications or burst abdomen rates. Still, the burst
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abdomen patients showed several specific characteristics
compared to the control group.

Risk factors for BA

Of all comorbidities and procedure-specific parameters,
liver cirrhosis was an important risk factor for BA, which
has not been reported by other studies that have evalu-
ated scores for the occurrence of BA [4]. So far, Ram-
shorst et al. found an impaired liver function (jaundice,
ascites) to be associated with burst abdomen [5]. In that
study, even less severe comorbidities, such as hyperten-
sion, were significantly increased in the BA group, which
is contradictory to our findings. That variance may be
due to the aforementioned preselection in our register.
Tolstrup et al. described liver cirrhosis in emergency sur-
geries as a main risk factor for the development of burst
abdomen [3].

Furthermore, emergency surgery was a risk factor for
BA in our analysis as well as in literature [3, 18]. But
the most important risk factor for the development of
abdominal wall dehiscence was, nonetheless, intestinal
resection with an OR of 4 in the regression analysis of
preoperative risk factors and an OR of 172 in the com-
bined regression model of preoperative and postopera-
tive risk factors including liver cirrhosis and emergency
surgery. An accidental contamination of the surgical
wound with intestinal flora might explain the high rate
of SSI and BA in that group. With that in mind, preop-
erative selective intestinal decontamination might be
immensely important to reduce harmful intestinal bacte-
rial flora. Though, such an approach would not have been
possible for the 30% of patients who underwent emer-
gency surgery.

Additionally, according to preoperative and postop-
erative findings, delirium was an important predictor for
BA. To our knowledge, no other reports mention delir-
ium as a risk factor. Nevertheless, it seems plausible, on
one hand, that a patient with an active delirium, marked
by fierce agitation, would not adhere to nursing instruc-
tions and applies strong forces to his abdominal wall put-
ting it at risk for dehiscence. Or, on the other hand, that
a patient with a prolonged stay, due to burst abdomen,
would be more vulnerable to developing a delirium. The
same thoughts and reasons might apply to the develop-
ment of RBA. So, if a patient with a prolonged stay and
an additional surgical procedure for BA develops a delir-
ium the already weakened abdominal wall (i.e. necrotic
fascial layers) does not resist agitation forces and thus is
prone to reburst.

In conclusion, patients with liver cirrhosis who under-
went emergency surgery that included intestinal resec-
tion and who developed a post-operative delirium had
the highest risk of BA development.
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The patients in our BA group had higher mortality
rates compared to the SSI group. Although, regression
analysis did not prove BA to be an independent risk fac-
tor for mortality, as neither of the complications did. As
the BA group had more overall complications, a longer
ICU stay and a longer in-hospital stay, mortality rates are
a surrogate variable for that complication prone group of
patients. But overall, our mortality rate of 9.9% is compa-
rably low to other studies that showed mortality rates of
up to 35% in patients with BA [25].

Intraoperative findings during BA revision surgery

Only few studies have analyzed causes of BA during revi-
sion surgery for abdominal wall dehiscence. Graham
reported that intraabdominal abscesses were diagnosed
as primary reason for BA in about 50% of the revision
laparotomies for BA and thus advocated for aggressive
decision making towards revision laparotomies instead
of conservative treatment of BA [25]. However, we found
intraabdominal abscesses in only 12% of the revision
laparotomies for BA repair. This lower number might
be due to the availability of interventional radiology for
abscess drainage nowadays so that a solitary intraabdom-
inal abscess rather would not cause an abdominal fascial
dehiscence.

We classified the underlying cause of BA according
to fascial quality in three groups: superficial infection
(40.7%), fascial necrosis (20.4%) and technical with unim-
paired fascia (13.9%). Mékeld et al. and Ramshorst et al.
identified the cutting out of sutures through the tissues
as main cause for BA [5, 10]. The major problem might
be the exact definition of “cutting of the sutures through
the tissues” [10] as that same phenomenon occurs in
fascial necrosis or in tissue lysis due to superficial infec-
tion. Overall, in our cohort, only the smaller part of the
BAs occurred when the fascia was unaffected, i.e. techni-
cal failure. Moreover, our classification of the BA causes
is based on tissue quality but does not exclude the sur-
geon or surgical technique of primary fascial closure as
reason for abdominal wall break down. There is evidence
that the necessity of multiple laparotomies increases the
risk of burst abdomen [26], maybe another factor for
decreased fascial tissue stability. Our data does not sup-
port those findings, as for most patients, BA repair was
the first revision laparotomy. Furthermore, decreased
plasma albumin levels were a risk factor for BA develop-
ment compared to patients with superficial SSI. Hence,
decreased protein plasma levels also lead to an impaired
wound healing and decreased fascial stability.
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Suture techniques for BA repair

The findings of impaired fascial tissue quality as main
reason for BA lead to the central question of what would
be the best closure technique for BA repair to prevent
repeated fascial dehiscence.

A recurrence of BA occurred in 12.9%, which is in the
middle of the reported frequencies of RBA [15, 18, 25,
27]. The vast difference in RBA frequency is probably
due to cohort selection bias, i.e. emergency surgery com-
pared to elective surgery. Jensen et al. recently stated that
the use of small bites PDS running sutures would reduce
recurrent abdominal wound dehiscence by the factor of
3 [18]. In contrast to their findings, our study points out
the running suture with PDS as the major surgical risk
factor of BAR with a superiority of interrupted Vicryl
sutures. Our BA recurrences were diagnosed within four-
teen days from the initial BA repair. Therefore, we would
attribute the difference in BAR not to the suture material
itself but the technique of continuous versus interrupted
stitches, as both suture materials obtain similar tensile
strength in that period. The BAR group had a slightly
higher frequency of fascial necrosis and was more often
closed with continuous sutures. Hence, we conclude, that
a continuous suture should not be used in case of poor
fascial quality. Lopez-Cano et al. recommended the use
of continuous monofilamentous sutures (i.e. PDS) in their
European Hernia Society (EHS) guidelines for the closure
of BA [19], with the main focus on incisional hernias
but not on BAR or SSI. They also pointed out the lack
of appropriate data to support their recommendation.
Underlined by our data, we cannot support that recom-
mendation with regard to BAR. Instead, we suggest the
closure of abdominal fascial dehiscence with interrupted
sutures to best prevent its recurrence, as its main cause
seems to be necrosis and destruction of the fascial layers.

The incidence of incisional hernias that can be attrib-
uted to a certain suture type has been subject to fierce
discussion in the surgical literature and was summed up
by a recently published Cochrane review. The authors
could not draw an evidence-based conclusion with regard
to the most suitable suture materials which prevents all
adverse events most effectively [13]. In our cohort, we
currently do not provide any data on incisional hernias
but further follow-up will clarify that issue.

Mesh implantation in BA repair

The implantation of meshes during primary BA repair
has been reported to reduce incisional hernia incidence
and even burst abdomen recurrence [22]. In regards to
mesh implantation, current knowledge advocates the use
of a non-absorbable mesh during definitive BA repair to
prevent further incisional hernias. Nevertheless, a sig-
nificant rate of SSI has been reported by multiple studies
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after the use of non-absorbable meshes [19-21], and even
after the implantation of absorbable meshes [23]. The
exact position of the mesh (i.e. IPOM or sublay) was not
specified in most studies. We found no significant ben-
efit of IPOM Vicryl mesh implantation to reduce the
incidence of recurrent BA, but our data clearly shows a
reduced revision rate for recurrent burst abdomen (0%
versus 100% revision rate), because the mesh prevents
evisceration. This could save the patient an additional
surgical procedure without significantly increasing the
risk for incisional hernias as it is up to 83% for burst
abdomen patients anyways [15]. This might be especially
important in critically ill patients who would suffer a
severe setback by repetitive surgical procedures. None of
our patients had to be reoperated on due to mesh related
complications (migration, stricture, sinus). Yet, one of
them developed an enterocutaneous fistula. On the other
hand, one patient without a mesh also showed fistula
formation. Similar findings have been reported before
[22], so we consider the implantation of a Vicryl mesh
in IPOM position safe and feasible and recommend it to
reduce the need of revision laparotomy in case of BAR.

Study limitations
Our study has several limitations that are mostly based on
its retrospective nature. We tried to obtain the best data
quality possible by only including patients who were pri-
marily treated in our department so that complete data
sets were available. Data quality was also assured by the
continuity of our wound care specialists over the whole
period of the study. Our cohort is within the range of the
largest burst abdomen studies published and, although
the subgroup analyses rely on comparably large numbers,
the absolute number of patients per subgroup remains
limited. Thus, completing the retrospective cohort with a
relevant number of patients from the prospective cohort
will provide extra information. Further research could
focus on prospective comparison of different suture types
with regard to BAR.

Further follow-up of our cohort will clarify the relation
between suture techniques, BAR and incisional hernia.

Conclusion

We could add further evidence to the risk factors of
developing a BA by stressing the importance of intestinal
resection, liver cirrhosis and emergency surgery as well
es post-operative delirium. Furthermore, we found delir-
ium to be the only patient related predictor for recurrent
BA. With regard to surgical technique, we could show
the superiority of interrupted sutures in BA repair to best
prevent its recurrence when considering BA etiology. The
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additional implantation of an absorbable mesh in IPOM
position reduces operative revision rates after BAR.

In our opinion, abdominal closure with interrupted
sutures and implantation of an absorbable mesh in IPOM
position is recommended in patients with BA.
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