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BACKGROUND: Open abdomens (OA) remain a major source of morbidity and mortality in trauma and emergency general surgery 
(EGS). Fascial traction has been shown to improve primary closure of the OA. However, reports on the incidence 
of incisional hernias (IH) after OA closure are scarce. The purpose of this study was to evaluate factors associated 
with primary fascial closure and the development of IH in OA managed with two different methods.

METHODS: A retrospective cohort study of all OA patients with midline laparotomies for trauma and EGS (January 2019 to 
October 2024) in a level 1 trauma center. Patients were divided into two groups, those treated with a noninvasive 
fascial traction device in conjunction with negative pressure wound therapy (NPWT) system (AbClo + AbThera) 
and those treated only with NPWT system. Outcomes included fascial width at closure attempt, primary closure 
(fascia-to-fascia), and incidence of IH. Univariate regression models were performed to identify factors associated 
with IH.

RESULTS: A total of 143 patients met inclusion criteria, 85 (59.4%) used AbClo + AbThera and 58 (40.6%) AbThera only. 
Primary closures were 94.1% (AbClo + AbThera) versus 72.4% (AbThera only); absolute risk difference 21.7% 
(95% CI: 9.5-34.8) and relative risk 1.30. Fascial widths were narrower in successful closures 6.0 versus 11.9 cm and 
in AbClo + AbThera (4.0 cm) versus AbThera alone (10.2 cm); 61.3% reduction in gap size; (all P < 0.001). IH 
cumulative incidences were 28.8% (12-mo), 36.4% (24-mo). The 12-month incidence was lower with AbClo + 
AbThera (14.1%) versus AbThera alone (63.1%), P < 0.0001. Fascia width ≥ 10 cm increased hernia risk (hazard 
ratio = 3.71). The relative risk reduction in hernia risk was 60.7% with AbClo + AbThera; absolute risk reduc
tion 24.8.

CONCLUSIONS: Management of OA with AbClo + AbThera improved fascial closure and reduced incisional hernias compared 
AbThera alone. (J Trauma Acute Care Surg. 2026;00: 000–000. Copyright © 2026 The Author(s). Published by 
Wolters Kluwer Health, Inc. on behalf of the American Association for the Surgery of Trauma.)

LEVEL OF EVIDENCE: Retrospective Comparative Study; Level IV.
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I ncisional hernias are a common complication after 
emergency general surgery (EGS) and trauma 

laparotomies.1–3 It is estimated that between 10% and 
20% of EGS patients will develop incisional hernias, de
pending on patient-related risk factors, closure technique, 
and postoperative complications.1–6 Incisional hernias 
(IH) are associated with long-term complications such as 
bowel obstruction, additional surgical interventions, 
prolonged recovery, and escalating health care costs.4,5,7

Previous studies have shown that IH are sig
nificantly more common in patients who have the ab
dominal wall fascia intentionally left open for delayed 
closure compared with those patients closed at the index 
laparotomy in both trauma and EGS.8–11 Accordingly, 

the incidence of incisional hernias linked to that approach 
is between 25% and 50%.1,5,12–14 The high incidence of IH 
in that setting can be attributed to the retraction of the 
abdominal wall and the progressive increase of the width 
of the fascial gap caused by unloading of the myofascial 
layers in open abdomens (OA).1,2,4,6,13,15 Moreover, 
multiple takebacks to the operating room contribute to 
fascial damage and surgical site complications related to 
attempts at fascial reapproximation and abdominal 
procedures.8,9,11,12,14–17 Conversely, several studies have 
demonstrated that primary fascial closure with fewer 
takebacks can reduce complications related to the 
OA.8,9,11,15–17

Higher rates of fascial closure have been achieved 
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when temporary abdominal coverage systems are utilized 
in conjunction with fascial traction methods that help 
reduce fascial retraction.1,9,16,18–20 Typically, fascial trac
tion may be achieved by several approaches including 
utilizing retention sutures and synthetic polymer sheets, 
mesh mediated traction, and elastomers transpierced 
through the abdominal wall.1,16,21–27 These methods 
promote gradual midline myofascial traction, but they 
have inherent important drawbacks. Invasive traction 
methods invariably entail some degree of damage to the 
skin, muscle, and or fascia at the fixation sites on the 
abdominal wall.1,16,18,19,21–27 Moreover, these methods 
generally require multiple takebacks to the operating 
room for traction adjustments and compromise the seal of 
negative pressure wound therapy (NPWT) systems, 
leading to vacuum leakage. Therefore, they are seldom 
used early in the management of the OA. That delay 
could lead to progressive fascial retraction, wider fascial 
gaps, and higher tension during fascial closure, adding to 
the complications including IH.1,7,8,15

It has been shown that the use of a noninvasive 
fascial reapproximation device in conjunction with a 
NPWT system resulted in smaller fascial gaps during 
closure and higher primary fascial closure rates compared 
with a NPWT system used alone.28,29 However, the in
cidence of IH associated with that approach has not been 
investigated. Therefore, the purpose of this study was to 
identify factors associated with primary fascial closure 
and the development of IH in OA patients.

METHODS

This retrospective cohort study included adult patients 
(aged ≥ 18 y) with an OA, in a tertiary care hospital (level 1 
trauma center), after a midline laparotomy for trauma and 
EGS between January 1, 2019, and October 31, 2024. The 
institution’s research ethics board approved this study. The 
strengthening the reporting of observational studies in 
epidemiology (STROBE) guidelines was used to ensure proper 
reporting of methods, results and discussion (SDC 2, Sup
plemental Digital Content 2, http://links.lww.com/TA/F280).

Eligible patients were those who had an OA managed 
with negative pressure wound therapy (NPWT) system 
(AbThera, Solventum, Maplewood, MN) with or without 
the noninvasive abdominal fascia reapproximation device 
(AbClo, InventoRR MD Inc., Markham, Canada). Pa
tients who died before an attempt at fascial closure were 
excluded from the study. Patients who did not survive for 
at least 30 days after an attempt at primary fascial closure 
and those with insufficient data after 30 days of attempted 
closure were excluded from the hernia analysis. In addition, 
patients with abdominal wall destruction caused by trauma 
(traumatic hernias, seatbelt injuries) or infection were also 
excluded from the hernia assessment.

Primary fascial closure was defined as same hospital 
stay fascial closure (SHSFC) through direct suture (fascia-to- 
fascia) without mesh, relaxation incisions, and component 
separation. Moreover, the entire fascial defect was closed 

during a specific takeback, our workflow did not include se
rial attempts to suture the fascia during multiple takebacks. 
The measurements of the fascial gap were taken at the widest 
point of the abdominal wall defect using a sterile ruler (Car
dinal Health, Waukegan, IL) at the level of the fascia during 
the final takeback operation for each patient.

Patient follow-up was conducted through a combi
nation of in-person clinic visits, physical examination com
puted tomography (CT) scan imaging, and telephone 
interviews. Incisional hernias were defined as any abdominal 
wall defect at the level of the previous midline laparotomy 
confirmed by physical examination and/or abdominal CT 
scan. All CT scans were reviewed and reported by a staff 
radiologist, blinded as to whether AbClo was used or not, to 
ascertain whether an IH was present. Clinical records were 
reviewed by an attending surgeon to assess for IH.

Temporary Abdominal Coverage Methods
The NPWT AbThera system was applied to the OA 

of all patients. The indications for use and application of 
the NPWT system were strictly followed as per the man
ufacturer’s instructions. In some patients, at the discretion 
of the primary surgeons, the noninvasive device (AbClo), 
was applied to the abdominal wall in conjunction with the 
NPWT AbThera system (Fig. 1A and B).

The (AbClo) device was applied according to man
ufacturer’s instructions at the bedside (Figs. 1A and B). In 
brief, 2 rectus muscle splints were positioned 5 cm lateral to 
the fascial edges external to the NPWT dressing using a 
circumferential elastic abdominal binder.28 The edges of 
the fascia were gradually re-approximated by rotating the 
reels on the splints to tighten the cables daily at the bedside. 
A balloon, inserted underneath the cables, monitored the 
tension created on the abdominal. The nursing team as
sessed the position of the splints and the pressure in the 
balloon (35 to 65 mmHg) every 6 hours at the bedside.

Takebacks to the operating room for additional surgical 
procedures and AbThera changes were at the discretion of the 
primary surgeons. In those cases, the AbClo device was re
moved from the patient’s abdomen by simply releasing the reel 
systems. The same AbClo device was reused on the patient if 
the abdomen remained open after each takeback.

Data Collection
Data were obtained from a prospective trauma and 

EGS database and supplemented through manual chart 
review. Collected variables included age, sex, body mass 
index (BMI), indication for surgery (trauma vs. EGS), use 
of the AbClo device, fascial gap width, OA duration, 
number of takebacks, closure status, and IH.

Statistical Analysis
Continuous variables were summarized as medians 

with interquartile ranges (IQR), whereas categorical var
iables were presented as frequencies and percentages. To 
evaluate demographic and clinical characteristics asso
ciated with achieving primary fascial closure, the Mann- 
Whitney U test was used for continuous variables, and 
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Pearson χ2 test was used for categorical variables. The 
Newcombe-Wilson score method was used to calculate 
the confidence intervals.

To identify factors associated with incisional hernia 
development, univariate Cox-proportional hazards re
gression models were constructed. Results were reported 
as hazard ratios (HR) with 95% CI. The cumulative in
cidence of incisional hernias over time was evaluated us
ing Kaplan-Meier survival analysis, and differences 
between groups (AbClo + AbThera vs. AbThera system 
alone) were assessed using the log-rank test. A two-sided 
P value of < 0.05 was considered statistically significant. 
Statistical analyses were performed using R version 4.2.3 
and Python 3.8+.

RESULTS

In total, 651 patients underwent laparotomies due 
to trauma or EGS. Of these patients, 159 (24.4%) had 
their abdomen intentionally left open during the study 
period, 66 were managed only with NPWT AbThera 
system, and 93 patients were managed with the fascial 
traction device (AbClo) in conjunction with the NPWT 
system (AbClo + AbThera). A total of 16 patients did not 
meet the inclusion criteria; two were excluded because of 
insufficient data and 14 patients were excluded because of 
death or withdrawal of care. Patients in the latter group 
had no attempt at fascial closure and succumbed while in 
hospital. Therefore, the study cohort to assess factors 
associated with SHSFC included 143 patients who un

Figure 1. (A) Photograph of an open abdomen with negative pressure wound therapy (AbThera) before placement of the 
noninvasive device for progressive fascial traction (AbClo). Protective dressing was applied to the skin for additional protection 
(Mepilex Border Flex, Mölnlycke Healthcare, Gothenburg, Sweden). (B) Photograph of the noninvasive fascial traction device 
(AbClo) applied externally over negative pressure wound therapy (AbThera). Star (☆) depicts the pressure balloon. Triangle (Δ) 
depicts the pressure gauge.

TABLE 1. Patient Demographics and Clinical Characteristics 
by Primary Fascial Closure Status

Characteristic Level
No Closure 

(n = 21)

Primary 
Closure 
(n = 122) P

Sex Female 10 (47.6) 29 (23.8) 0.023*
Male 11 (52.4) 93 (76.2)

Age (y) < 60 12 (57.1) 90 (73.8) 0.120
≥ 60 9 (42.9) 32 (26.2)

BMI (kg/m²) < 35 17 (81.0) 95 (77.9) 1.000
≥ 35 4 (19.0) 27 (22.1)

Patient type EGS 9 (42.9) 38 (31.1) 0.291
Trauma 12 (57.1) 84 (68.9)

AbClo Status AbThera 
Only

16 (76.2) 42 (34.4) < 0.001*

AbClo + 
AbThera

5 (23.8) 80 (65.6)

Fascial gap (cm) < 10 7 (33.3) 92 (78.0) < 0.001*
≥ 10 14 (66.7) 26 (22.0)

Days of open 
abdomen

1 1 (4.8) 9 (7.4) 1.000

≥ 2 20 (95.2) 113 (92.6)
No. takebacks < 4 17 (81.0) 116 (95.1) 0.040*

≥ 4 4 (19.0) 6 (4.9)

*Statistical significance set at P ≤ 0.05.
Values are n (%). P values from χ² tests (Fisher exact when expected cell < 5). 

Age and BMI are categorical ( < 60 vs. ≥ 60 y; < 35 vs. ≥ 35 kg/m²). Fascia gap 
analysis includes only those subjects with measurements (N = 139; 4 missing). Two- 
sided tests; no multiple-comparison adjustment. *Statistical significance set at p 
≤ 0.05.

AbClo, noninvasive abdominal fascia traction device; AbThera, negative 
pressure wound therapy system.
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derwent an attempt at primary fascial closure during the 
study period. Demographic data are shown in Table 1. 
There were no significant differences in age, sex, BMI, or 
reason for OA. The majority of patients (96 patients; 
67%) underwent an OA for trauma-related laparotomies. 
The median duration of OA management was 4 days 
(IQR: 3 to 6). A total of 85 patients (59.4%) were man
aged with the AbClo device in conjunction with NPWT 
AbThera system, whereas 58 patients (40.6%) were man
aged only with the NPWT AbThera system (Table 1). Our 
findings showed a positive fluid balance of 8.0 L, IQR 5.6 
to 12.7 in the group treated with the traction device 
(AbClo + AbThera) versus a positive fluid balance of 7.9 
L, IQR 5.6 to 12.4 in the group without traction (Ab
Thera system only) at the index laparotomy, P = 0.7. The 
positive fluid balance at closure attempt was 10.7 L, IQR 
8.9 to 12.3 (AbClo + AbThera) versus 9.0 L, IQR 5.4 to 
12.0 (AbThera system only), P = 0.13. Blood products 
were used in 64% of the patients in the (AbClo + Ab
Thera) group versus 59% in the group (AbThera system 
only), P = 0.087. The Sequential Organ Failure Assess
ment (SOFA) scores of in groups were, 11, IQR 7 to 12.5 
(AbClo + AbThera) vs. 9.8, IQR 8 to 11 (AbThera system 
only), P = 0.741.

Same hospital stay primary fascial closure was 
achieved in 122 patients; of those, 65.6% (80/122) were 
managed with AbClo in conjunction with AbThera, and 
34.4% (42/122) with AbThera alone. The rates of SHSFC 
were 94.1% in patients managed with AbClo device in 
conjunction with NPWT AbThera system (80/85; 95% CI: 
87.0-97.5) versus 72.4% in patients managed with the 
NPWT AbThera system only (42/58; 95% CI: 59.8-82.2). 
This corresponded to an absolute risk difference of 21.7% 
(95% CI: 9.5-34.8) and a relative risk of 1.30 (ie, a 30% 
relative increase in primary closure with AbClo + Ab
Thera; Fisher exact test P < 0.001).

Among the remaining 21 patients, 9 had planned 
ventral hernias (PVH) treated with non-absorbable mesh 
bridging the fascial defects (2/5 AbClo + AbThera; and 7/ 
16 AbThera system only).

Among all patients with a recorded fascial gap at 
time of closure (n = 139; 4 missing fascial gap data), those 
who achieved primary fascial closure had a significantly 
smaller median fascial gap than those patients who did 
not achieve closure [primary closure 6.0 cm, IQR: 3.0 to 
9.6 (n = 118) vs. no closure 11.9 cm, IQR: 8.7 to 13.8 
(n = 21), P < 0.001; Figure 2A]. In addition, in patients 
who achieved SHSFC, the median fascial gap was sig
nificantly smaller in those managed with AbClo in con
junction with AbThera than those patients managed only 
with AbThera [AbClo + AbThera 4.0 cm, IQR: 3.0 to 
6.49 (n = 80) vs. AbThera alone 10.2 cm, IQR: 8.4 to 12.2 
(n = 38), P < 0.001; Figure 2B].

Adjusted effects were estimated using two regression 
models among patients who achieved primary fascial 
closure (n = 118). The first model used ordinary least 
squares linear regression for the adjusted mean difference. 
The second used a log-linear model (linear regression on 
log-transformed fascial gap width) for the adjusted geo

metric-mean ratio. Both models adjusted for age, BMI, 
sex, and trauma classification, and used robust hetero
skedasticity-consistent-3 (HC3) standard error estimator 
to account for potential non-constant variance in fascial 
gap measurements across treatment groups. AbClo use 
was associated with an adjusted mean difference of 
5.52 cm reduction in fascial gap width (95% CI: −6.97 to 
−4.06, P < 0.001) and a 61.3% reduction in fascial gap size 
(geometric-mean ratio: 0.387, 95% CI: 0.312-0.481, 
P < 0.001).

The number of takebacks was significantly different 
between patients who achieved SHSFC and those who did 
not. Specifically, same hospital stay primary fascial clo
sure was more common in patients who had < 4 takebacks 
compared with patients who had ≥ 4 takebacks (P = 0.04; 
Table 1). Age, BMI, patient type (EGS vs. Trauma), and 
days of open abdomen were similar between treatment 
groups (P > 0.05). In contrast, the SHSFC group had a 
higher proportion of males (76.2% vs. 52.4%, P = 0.023), 
greater AbClo use (65.6% vs. 23.8%, P < 0.001), and a 
larger share of patients with fascial gaps < 10 cm at fas
cial closure attempt (78.0% vs. 33.3%, P < 0.001; Table 1).

Incisional Hernia Assessment
Among the 143 patients who underwent an attempt 

at fascial closure, 13 patients were excluded from the IH 
assessment: 4 patients did not have sufficient data cap
tured beyond 30 days since they underwent PVH, and 5 
PVH patients were excluded from the incisional hernia 
assessment those patients died within 30 days. An addi
tional four patients were excluded because of abdominal 
wall injury (traumatic hernias, seatbelt injuries). There
fore, 130 patients who underwent an attempt at fascial 
closure were included in the cohort for assessment of 
factors associated with the development of incisional 
hernias.

Among patients who underwent an attempt at fas
cial closure (n = 130), the cumulative incidence of inci
sional hernias was 28.8% at 12 months (95% CI: 18.3- 
39.3) and 36.4% at 24 months (95% CI: 24.0-48.7; Fig. 3). 
At 12 months, the incidence of incisional hernias was 
significantly lower in patients managed with AbClo in 
conjunction with AbThera compared with patients man
aged with AbThera alone (14.1% vs. 63.1%. log-rank 
P < 0.0001; Fig. 4). Specifically, among patients managed 
with AbClo in conjunction with AbThera, the 12-month 
and the 24-month cumulative incidences of incisional 
hernias were respectively 14.1% (95% CI: 5.0-23.1) and 
21.3% (95% CI: 8.6-33.9) (Fig. 4). The 24-month cumu
lative incidence of incisional hernias in patients managed 
only with AbThera was imprecise due to the low number 
of patients at that follow-up period. Four patients were 
followed for more than 24 months. Two of those patients 
were managed with AbThera only and developed IH at 29 
and 30 months after the attempt at fascial closure. The 
other 2 patients were managed with AbClo in conjunction 
with AbThera and developed IH at 30 and 33 months 
after the attempt at fascial closure.
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Factors Associated With Incisional Hernia
In the incisional hernia assessment cohort (n = 130), 

univariate Cox regression analysis showed that patients 
managed with AbClo in conjunction with AbThera had a 
significantly lower risk of incisional hernia compared with 
those managed with AbThera alone (HR for AbClo in 
conjunction with AbThera vs. AbThera alone = 0.22, 95% 
CI: 0.10-0.45, P < 0.001; Table 2). Correspondingly, pa
tients managed without AbClo had a 4.6-fold higher risk 
of hernia compared with those managed with AbClo 
(inverse HR = 4.55, 95% CI: 2.22-10.0). Fascia gap width 
≥ 10 cm at fascial closure attempt was also significantly 
associated with increased hernia risk (HR = 3.71, 95% CI: 
1.87-7.38, P < 0.001). Other covariates including male sex, 
age older than or equal to 60 years, BMI ≥ 35 kg/m², 
trauma classification, ≥ 2 days of open abdomen, and ≥ 4 
takebacks were not significantly associated with IH on 
univariate analysis (P > 0.05). Because of the small num
ber of events (incisional hernias) per variable, a multi
variate Cox regression analysis was not performed in this 
study, as the multivariate model would be prone to 
overfitting, and consequently, would not yield reliable 
parameter estimates.

The use of the AbClo device in conjunction with 

AbThera was associated with a 60.7% relative reduction 
in hernia risk (16.0% vs. 40.8%) and absolute risk re
duction of 24.8 percentage points (95% CI: 9.0-40.1). The 
number needed to treat to prevent one incisional hernia 
was 5 patients (≈4.04, 95% CI: 3-12, P < 0.003).

All patients tolerated the traction device. Six pa
tients (6.5%) developed skin complications related to the 
usage of the device (stage 1 and 2 pressure ulcers), all 
lesions were treated conservatively with saline dressing. 
There were no complications related to abdominal com
partment syndrome.

DISCUSSION

In the past decade, the indications for the OA have 
been revisited and its use has decreased in both trauma 
and EGS.10,11,30–33 However, intentionally leaving the 
abdominal wall open after a laparotomy remains a major 
source of morbidity and mortality.10,11,30–33

In the present study, the use of a noninvasive fascial 
reapproximation device (AbClo) in conjunction with the 
NPWT system (AbThera) resulted in primary fascial 
closure of rate of 94.1% compared with 72.4% closure 

Figure 2. (A) Fascial gap width (cm) of patients who failed primary fascial closure and those who underwent successful primary 
fascial closure. (B) Fascial gap width of patients managed with the negative pressure wound therapy system (Abthera) and those 
managed with noninvasive fascial traction (AbClo) in combination with the (Abthera) system.
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with the NPWT system used alone. This finding repre
sented an absolute risk difference of 21.7% and a 30% 
increase in primary closure with the device for gradual 
fascial traction in conjunction with the NPWT system in 
OA for trauma and EGS.

Previous reports on the usage of NPWT without 
fascial traction showed a wide variation in fascial closure 
rates, between 41% and 89% in both trauma and 
EGS.1,8,9,12,15,16,18–20,34–36 This finding confirms the no
tion that other factors besides the method of temporary 
abdominal coverage determine successful fascial closure. 
Nonetheless, despite the lack of high-quality studies, the 
advantages of NPWT systems have been demonstrated in 
systematic reviews and evidence-based recommendations 
that call for the use of that technology in OA 
management.1,8,9,12,16,34,36–38 However, fascial re
approximation may not be achieved as effectively with 
NPWT alone.4,12,24,39,40 In our study, patients who ach
ieved successful primary fascial closure had higher usage 
of the fascial reapproximation method (AbClo) in con
junction with the AbThera system (65.6%) compared with 
those not using that approach (23.8%). Most likely, 
NPWT used alone does not generate enough force to 
overcome myofascial contraction and lateralization 
caused by the unloading of the abdominal wall in 
OA.4,12,24,39,40 This is demonstrated in our study where 
the addition of AbClo to AbThera usage was associated 
with a mean difference of 5.52 cm reduction in fascial gap 
width. In a prospective observational study with more 
than 550 trauma and EGS OA patients, the use of NPWT 
resulted in a lower rate of fascial closure (41.1%) com

pared with other methods (60.1%).41 Other studies also 
reported Higher rates of primary closure with fascial 
traction compared with NPWT alone.1,12,16,18–20,24,35

Those findings underscore the advantages of a smaller 
fascial gap at closure attempt obtained through methods 
of fascial reapproximation.1,12,16,18–20,24,35

In our study, the use of the AbClo device in con
junction with the AbThera system resulted in a 61.3% 
reduction of the fascial gap size at closure attempt, after 
adjusting for age, BMI, and trauma classification. In 
particular, those results were obtained noninvasively, at 
the bedside, simplifying the management of the OA.

Those findings are significant because major fascial 
retraction takes place in just 3 days from the index lapa
rotomy, and loss of domain can present within 8 to 10 days 
in OA.15,28–30,35,42,43 Consistent with this, previous studies 
showed a 30% to 60% reduction in primary fascial closure 
with delayed application of fascial traction.15,16,18,24,34 That 
outcome could be due to wider fascial gaps and possibly 
higher tension during closure which could result in long- 
term complications including incisional hernias.1,4,7,8,15,44–46

Accordingly, previous research indicated that changing the 
care path of the open abdomen from reactive to pre
ventative, by initiating fascial traction (Abclo + Abthera) 
within 24 hours of the index laparotomy resulted in 22% 
higher fascial reapproximation compared with delaying the 
use of that approach beyond 24 hours, after adjusting for 
BMI and number of takebacks.28

The structural changes of the abdominal wall in OA 
share similarities to those seen in ventral/incisional hernias, 
and the width of the hernia defect is an important pa

Figure 3. Cumulative incidence of incisional hernias in open abdomen patients who had successful primary fascial closure; 12- 
month cumulative incidence = 28.8% (95% CI: 18.3-39.3), 24-month cumulative incidence = 36.4% (95% CI: 24.0-48.7).
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rameter for hernia closure.44,45 Therefore, it is reasonable 
to extrapolate concepts from abdominal wall re
construction to OA management. According to the Euro
pean Hernia Society, fascial widths > 10 cm (W3) have a 
greater association with surgical complications and re
currence compared with fascial widths < 4 cm (W1) and 4 
to 10 cm (W2).44 Moreover, widths ≥ 10 cm led to four-fold 
increase in bridged repairs.44,45 Concerning the fascial gap, 
our findings showed a favorable association between a 
fascial gap width < 10 cm and successful fascial closure.

Regarding tension at the fascial edges, previous re
search indicated higher tensions (36N) during ventral 
hernia repairs compared with closure of intact abdominal 
wall.42,46 There is scarce information pertaining to the 
tension at the fascial edges in patients with OA during 
closure. A single study showed a mean tension of 52.2 N 
with a mean fascial width of 10.8 cm in OA for EGS.47

Those numbers are indicative of a potential risk for in
cisional hernias with large fascial width and high-tension 
closure of OA. Consistent with this, our results showed 
that fascial gaps ≥ 10 cm, at closure attempt, were sig
nificantly associated with an increased risk for incisional 
hernia. Furthermore, the incidence of incisional hernias 
was significantly lower, at both 12 and 24 months, in 
patients managed with facial reapproximation (AbClo) in 
conjunction with the Abthera system compared with 
those managed only with that system. Patients managed 
without fascial traction had a 4.6-fold higher risk of in

cisional hernia. Those findings indicate that a narrower 
fascial width at closure attempt along with an intact 
myofascial layer could lower the incidence of incisional 
hernias. Specifically, there was a 60.7% relative risk re
duction in incisional hernias and absolute risk reduction 
of 24.8 percentage points. Our findings suggest that one 
incisional hernia could be prevented for every 5 patients 
treated with the combined approach (AbClo + Abthera).

The incidence of incisional hernias with the use of 
AbClo + Abthera (14.1% at 12 mo and 21.3% at 24 mo) 
seems to be less than that reported in other studies. Ag
gregate data on roughly 210 trauma and EGS OA patients, 
from 6 different studies, showed an incidence of incisional 
hernias of ~31.5% at 12 months after primary fascial 
closure.1,13,14,48–50 Moreover, combined data on nearly 300 
patients showed an incidence of incisional hernias of 
~46.5% at 24 months.1,13,14,18,43,49 Notably, those results 
were achieved with the usage of invasive fascial traction 
methods. Therefore, it is reasonable to extrapolate that the 
lower incidence of incisional hernias in our study could be 
related to the preservation of myofascial integrity with the 
noninvasive approach combined with fascial width reduc
tion at closure attempt. However, an adequate assessment 
of this outcome would require a comparative study be
tween SHSFC with invasive techniques versus the non
invasive method described herein.

Our results are comparable to those in other studies 
regarding the unfavorable association between the num

Figure 4. Cumulative incidence of incisional hernias after attempt at primary fascial closure. Patients managed with the AbClo 
device plus AbThera versus those managed with AbThera only. Solid line (—) AbThera only; dotted line (—) AbClo device plus 
AbThera.
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ber of takebacks and successful primary fascial closure of 
the OA.8,9,11,15–17,28,30 Furthermore, the median duration 
of the OA in our study was comparable to previous 
reports.1,9,17,20,30,41,47

The present study has significant limitations, most im
portantly the lack of randomization. Although we included 
variables that impact primary closure and incisional hernias in 
the univariate analysis a multivariate Cox regression analysis 
was not performed due to the low incidence of incisional 
hernias. The multivariate model would be prone to overfitting, 
and consequently, would result in unreliable parameter esti
mates. The multivariate assessment would be of interest as the 
interaction of multiple variables has been shown to negatively 
impact both fascial closure and incisional hernias. The 24- 
month estimate of IH in the group AbThera only, was im
precise due the small number of patients at risk late in follow- 
up. Moreover, previous research indicated that the median 
time to incisional hernias after trauma laparotomies, un
specified for OA, was 1.4 years and 90.6% of the hernias 
occurred within 5 years.5 Therefore, a longer follow-up spe
cifically in trauma laparotomies would be useful inasmuch as 
every additional operation at the index admission results in a 
28% increased risk for incisional hernias.5 As multiple take
backs are common in OA, a longer follow-up would be par

ticularly important despite the challenges due to high 
mortality (12.3 to 24.8%).8,30 Nevertheless, evolving incisional 
hernias were detectable on abdominal CT imaging as early as 
1 month after laparotomy closure based on a distance 
> 25 mm between the medial edges of the rectus abdominis 
muscles.4 Another limitation of our study was the lack of strict 
control over the fascial suture technique, which has been 
shown to affect hernia rates in emergency laparotomies.20

In conclusion, our findings showed that the noninvasive 
fascial traction system (AbClo) used in conjunction with the 
AbThera NPWT system significantly increased primary fas
cial closure of OA in trauma and EGS patients compared 
with the use of AbThera NPWT system alone. In addition, 
the incidence of incisional hernias in patients managed with 
Abclo + Abthera was also significantly lower, suggesting a 
protective effect of the combined approach. The data suggest 
that the fascial traction device in conjunction with the NPWT 
system further reduces the fascial gap at the time of closure 
and thus contributes to this beneficial effect.

AUTHORSHIP

D.N., O.R., J.B.R.N.: conception and study design. T.K.F., D.N., J.B.R. 
N.: literature Review. T.K.F., D.N., J.B.R.N.: data acquisition. T.K.F., 
D.N., O.R., J.B.R.N.: data analysis and interpretation. T.K.F., D.N., 
O.R., J.B.R.N.: drafting of the manuscript. T.K.F., D.N., O.R., J.B.R.N.: 
critical revision.

ACKNOWLEDGMENTS

The authors thank Peter Kupchak, PhD, Statistical Consultant.

DISCLOSURE

The authors declare no conflicts of interest. All JTACS Disclosure forms 
have been supplied and are provided as Supplemental Digital Con
tent, http://links.lww.com/TA/F279.

REFERENCES
1. Berrevoet F. Prevention of incisional hernias after open abdomen 

treatment. Front Surg. 2018;5:11.
2. Goodenough CJ, Ko TC, Kao LS, Nguyen MT, Holihan JL, 

Alawadi Z, et al. Development and validation of a risk stratification 
score for ventral incisional hernia after abdominal surgery: hernia 
expectation rates in intra-abdominal surgery (the HERNIA 
Project). J Am Coll Surg. 2015;220(4):405–413.

3. Moas V, Eskridge S, Clouser M, Kurapaty S, Dyke C, Souza J. 
Incisional hernia incidence following laparotomy for combat 
trauma: Investigating 15 years of US war surgery. J Trauma Acute 
Care Surg. 2020;89(2S Suppl 2):S200–S206.

4. Burger JW, Lange JF, Halm JA, Kleinrensink GJ, Jeekel H. 
Incisional hernia: early complication of abdominal surgery. World J 
Surg. 2005;29(12):1608–1613.

5. Rios-Diaz AJ, Cunning J, Hsu JY, Elfanagely O, Marks JA, Grenda 
TR, et al. Incidence, burden on the health care system, and factors 
associated with incisional hernia after trauma laparotomy. JAMA 
Surg. 2021;156(9):e213104.

6. Xing L, Culbertson EJ, Wen Y, Franz MG. Early laparotomy 
wound failure as the mechanism for incisional hernia formation. J 
Surg Res. 2013;182(1):e35–e42.

7. Bhardwaj P, Huayllani MT, Olson MA, Janis JE. Year-over-year 
ventral hernia recurrence rates and risk factors. JAMA Surg. 2024; 
159(6):651–658.

8. Chen Y, Ye J, Song W, Chen J, Yuan Y, Ren J. Comparison of 
outcomes between early fascial closure and delayed abdominal 
closure in patients with open abdomen: A systematic review and 
meta-analysis. Gastroenterol Res Pract. 2014;2014:784056.

9. Dubose JJ, Scalea TM, Holcomb JB, Shrestha B, Okoye O, Inaba 
K, et al. Open abdominal management after damage-control 

TABLE 2. Risk of Incisional Hernia Assessed With Cox- 
Proportional Hazards Regression Analysis (Univariate)

Characteristics N = 130 HR (95% CI) P

Sex
Female 33 (25.4) Reference
Male 97 (74.6) 0.70 (0.33-1.48) 0.345

Age (y)
< 60 97 (74.6) Reference
≥ 60 33 (25.4) 1.45 (0.70-3.02) 0.319

BMI (kg/m²)
< 35 102 (78.5) Reference
≥ 35 28 (21.5) 1.21 (0.57-2.57) 0.619

Classification
EGS 44 (33.8) Reference
Trauma 86 (66.2) 0.87 (0.43-1.77) 0.696

AbClo Status
AbThera Only 49 (37.7) Reference
AbClo + AbThera 81 (62.3) 0.22 (0.10-0.45) < 0.001*

Fascial gap (cm)
< 10 92 (73.0) Reference
≥ 10 34 (27.0) 3.71 (1.87-7.38) < 0.001*

Days of open abdomen
1 9 (6.9) Reference
≥ 2 121 (93.1) 0.77 (0.18-3.26) 0.718

No. takebacks
< 4 120 (92.3) Reference
≥ 4 10 (7.7) 1.46 (0.51-4.18) 0.482

*Statistical significance set at P ≤ 0.05.
Univariate Cox-proportional hazards regression. Cohort n = 130 patients 

(fascial gap n = 126 due to 4 missing measurements). Categorical variables shown 
as n (%).

AbClo, noninvasive abdominal fascia traction device; AbThera, negative 
pressure wound therapy system.

Fellows et al. 
J Trauma Acute Care Surg 

Volume 00, Issue 00

8 © 2026 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Association for the Surgery of Trauma. 



laparotomy for trauma: a prospective observational American 
Association for the Surgery of Trauma multicenter study. J Trauma 
Acute Care Surg. 2013;74(1):113–120.

10. Harvin JA, Sharpe JP, Croce MA, Goodman MD, Pritts TA, Dauer 
ED, et al. Effect of damage control laparotomy on major abdominal 
complications and lengths of stay: a propensity score matching and 
Bayesian analysis. J Trauma Acute Care Surg. 2019;87(2):282–288.

11. Hatch QM, Osterhout LM, Podbielski J, Kozar RA, Wade CE, 
Holcomb JB, et al. Impact of closure at the first take back: 
complication burden and potential overutilization of damage 
control laparotomy. J Trauma. 2011;71(6):1503–1511.

12. Boele van Hensbroek P, Wind J, Dijkgraaf MG, Busch OR, 
Goslings JC. Temporary closure of the open abdomen: a systematic 
review on delayed primary fascial closure in patients with an open 
abdomen. World J Surg. 2009;33(2):199–207.

13. Brandl A, Laimer E, Perathoner A, Zitt M, Pratschke J, Kafka- 
Ritsch R. Incisional hernia rate after open abdomen treatment with 
negative pressure and delayed primary fascia closure. Hernia. 2014; 
18(1):105–111.

14. Patel NY, Cogbill TH, Kallies KJ, Mathiason MA. Temporary 
abdominal closure: long-term outcomes. J Trauma. 2011;70(4): 
769–774.

15. Kwon E, Krause C, Luo-Owen X, McArthur K, Cochran-Yu M, 
Swentek L, et al. Time is domain: factors affection primary fascial 
closure after trauma and non-trauma damage control laparotomy 
(data from the EAST SLEEP-TIME multicenter registry). Eur J 
Trauma Emerg Surg. 2022;48(3):2107–2116.

16. Mahoney EJ, Bugaev N, Applebaum R, Goldenberg-Sandau A, 
Baltazar GA, Posluszny J, et al. Management of the open abdomen: 
a systematic review with meta-analysis and practice management 
guideline from the Eastern Association for the Surgery of Trauma. J 
Trauma Acute Care Surg. 2022;93(3):e110–e118.

17. Pommerning MJ, DuBose JJ, Zielinski MD, Phelan HA, Scalea 
TM, Inaba K, et al. Time to first take-back operation predicts 
successful primary fascial closure in patients undergoing damage 
control laparotomy. Surgery. 2014;156(2):431–438.

18. Berrevoet F, Lampaert S, Singh K, Jakipbayeva K, van Cleven S, 
Vanlander A. Early initiation of a standardized open abdomen 
treatment with vacuum assisted mesh-mediated fascial traction 
achieves best results. Front Surg. 2021;7:606539.

19. Rasilainen S, Mentula P, Salminen P, Koivukangas V, Hyoty M, 
Mamtymaki L, et al. Superior primary fascial closure rate and lower 
mortality after open abdomen using negative pressure wound 
therapy with continuous fascial traction. J Trauma Acute Care 
Surg. 2020;89(6):1136–1142.

20. Willms AG, Schwab R, von Websky MW, Berrevoet F, Tartaglia D, 
Sörelius K, et al. EURAHS Open Abdomen Group. Factors 
influencing the fascial closure rate after open abdomen treatment: 
Results from the European Hernia Society (EuraHS) Registry : 
Surgical technique matters. Hernia. 2022;26(1):61–73.

21. Kao AM, Cetrulo LN, Baimas-George MR, Prasad T, Heniford 
BT, Davis BR, et al. Outcomes of open abdomen versus primary 
closure following emergent laparotomy for suspected secondary 
peritonitis: a propensity-matched analysis. J Trauma Acute Care 
Surg. 2019;87(3):623–629.

22. Long KL, Hamilton DA, Davenport DL, Bernard AC, Kearney 
PA, Chang PK. A prospective, controlled evaluation of the 
abdominal reapproximation anchor abdominal wall closure system 
in combination with VAC therapy compared with VAC alone in the 
management of an open abdomen. Am Surg. 2014;80(6):567–571.

23. Pliakos I, Papavramidis TS, Mihalopoulos N, Koulouris H, 
Kesisoglou I, Sapalidis K, et al. Vacuum-assisted closure in severe 
abdominal sepsis with or without retention sutured sequential 
fascial closure: a clinical trial. Surgery. 2010;148(5):947–953.

24. Poortmans N, Berrevoet F. Dynamic closure techniques for treatment 
of an open abdomen: an update. Hernia. 2020;24(2):325–331.

25. Salamone G, Licari L, Guercio G, Comelli A, Mangiapane M, 
Falco N, et al. Vacuum-assisted wound closure with mesh-mediated 
fascial traction achieves better outcomes than vacuum-assisted 
wound closure alone: a comparative study. World J Surg. 2018;42 
(6):1679–1686.

26. Wang Y, Alnumay A, Paradis T, Beckett A, Fata P, Khwaja K, 
et al. Management of open abdomen after trauma laparotomy: a 
comparative analysis of dynamic fascial traction and negative 
pressure wound therapy systems. World J Surg. 2019;43(12): 
3044–3050.

27. Weinberg JA, George RL, Griffin RL, Stewart AH, Reiff DA, 
Kerby JD, et al. Closing the open abdomen: improved success with 
Wittmann Patch staged abdominal closure. J Trauma. 2008;65(2): 
345–348.

28. Naveed A, Martin ND, Bawazeer M, Jastaniah A, Rezende-Neto 
JB. Early placement of a non-invasive, pressure-regulated, fascial 
reapproximation device improves reduction of the fascial gap in 
open abdomens: a retrospective cohort study. Trauma Surg Acute 
Care Open. 2024;9(1):e001529.

29. Rezende-Neto JB, Camilotti BG. New non-invasive device to 
promote primary closure of the fascia and prevent loss of domain 
in the open abdomen: a pilot study. Trauma Surg Acute Care Open. 
2020;5(1):e000523.

30. Farach S, Ghneim MH, Bruns B, Mowery NT, Diaz JJ. 
Complications of damage-control abdominal surgery: what you 
need to know. J Trauma Acute Care Surg. 2025;99(6):819–827.

31. Higa G, Friese R, O’Keeffe T, Wynne J, Bowlby P, Ziemba M, et al. 
Damage control laparotomy: a vital tool once overused. J Trauma. 
2010;69(1):53–59.

32. van Ruler O, Mahler CW, Boer KR, Reuland EA, Gooszen HG, 
Opmeer BC, et al. Dutch Peritonitis Study Group. Comparison of 
on-demand vs planned relaparotomy strategy in patients with severe 
peritonitis: a randomized trial. JAMA. 2007;298(8):865–872.

33. Watson JJ, Nielsen J, Hart K, Srikanth P, Yonge JD, Connelly CR, 
et al. Damage control laparotomy utilization rates are highly 
variable among Level I trauma centers: pragmatic, randomized 
optimal platelet and plasma ratios findings. J Trauma Acute Care 
Surg. 2017;82(3):481–488.

34. Bruhin A, Ferreira F, Chariker M, Smith J, Runkel N. Systematic 
review and evidence-based recommendations for the use of negative 
pressure wound therapy in the open abdomen. Int J Surg. 2014;12 
(10):1105–1114.

35. Dennis A, Vizinas TA, Joseph K, Kingsley S, Bokhari F, Starr F, 
et al. Not so fast to skin graft: transabdominal wall traction closes 
most “domain loss” abdomens in the acute setting. J Trauma Acute 
Care Surg. 2013;74(6):1486–1492.

36. Frazee RC, Abernathy SW, Jupiter DC, Hendricks JC, Davis M, 
Regner JL, et al. Are commercial negative pressure systems worth 
the cost in open abdomen management? J Am Coll Surg. 2013;216 
(4):730–733.

37. Cheatham ML, Demetriades D, Fabian TC, Kaplan MJ, Miles WS, 
Schreiber MA, et al. Prospective study examining clinical outcomes 
associated with a negative pressure wound therapy system and 
Barker’s vacuum packing technique. World J Surg. 2013;37(9): 
2018–2030.

38. Cirocchi R, Birindelli A, Biffl WL, Mutafchiyski V, Popivanov G, 
Chiara O, et al. What is the effectiveness of the negative pressure 
wound therapy (NPWT) in patients treated with open abdomen 
technique? A systematic review and meta-analysis. J Trauma Acute 
Care Surg. 2016;81(3):575–584.

39. Culbertson EJ, Xing L, Wen Y, Franz MG. Reversibility of 
abdominal wall atrophy and fibrosis after primary or mesh 
herniorrhaphy. Ann Surg. 2013;257(1):142–149.

40. Elstner KE, Read JW, Saunders J, Cosman PH, Rodriguez-Acevedo 
O, Jacombs ASW, et al. Selective muscle botulinum toxin A 
component paralysis in complex ventral hernia repair. Hernia. 2020; 
24(2):287–293.

41. Carlson GL, Patrick H, Amin Al, McPherson G, MacLennan G, 
Afolabi E, et al. Management of the open abdomen: a national 
study of clinical outcome and safety of negative pressure wound 
therapy. Ann Surg. 2013;257(6):1154–1159.

42. Miller BT, Ellis RC, Walsh RM, Joyce D, Simon R, Almassi N, 
et al. Physiologic tension of the abdominal wall. Surg Endosc. 2023; 
37(12):9347–9350.

43. Willms A, Schaaf S, Schwab R, Richardsen I, Bieler D, Wagner B, 
et al. Abdominal wall integrity after open abdomen: long-term 

J Trauma Acute Care Surg 
Volume 00, Issue 00 Fellows et al.

© 2026 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Association for the Surgery of Trauma. 9 



results of vacuum-assisted wound closure and mesh-mediated fascial 
traction (VAWCM). Hernia. 2016;20(6):849–858.

44. Köckerling F, Hoffmann H, Adolf D, Reinpold W, Kirchhoff P, 
Mayer F, et al. Potential influencing factors on the outcome in 
incisional hernia repair: a registry-based multivariable analysis of 
22,895 patients. Hernia. 2021;25(1):33–49.

45. Muysoms FE, Miserez M, Berrevoet F, Campanelli G, Champault 
GG, Chelala E, et al. Classification of primary and incisional 
abdominal wall hernias. Hernia. 2009;13(4):407–414.

46. Levy AS, Bernstein JL, Celie KB, Spector JA. Quantifying fascial 
tension in ventral hernia repair and component separation. Hernia. 
2021;25(1):107–114.

47. Maskal SM, Ellis RC, Remulla D, Woo K, Simon R, Corcelles R, 
et al. Closure of the open abdominal cavity as a function of tension 

at the fascial edges: a prospective cohort trial. Surgery. 2025;190: 
109863.

48. Bjarnason T, Montgomery A, Ekberg O, Acosta S, Svensson M, 
Wanhainen A, et al. One-year follow-up after open abdomen 
therapy with vacuum-assisted wound closure and mesh-mediated 
fascial traction. World J Surg. 2013;37(9):2031–2038.

49. Jakob MO, Schwarz C, Haltmeier T, Zindel J, Pinworasarn T, 
Candinas D, et al. Mesh-augmented versus direct abdominal closure 
in patients undergoing open abdomen treatment. Hernia. 2018;22 
(5):785–792.

50. Verdam FJ, Dolmans DE, Loos MJ, Raber MH, de Wit RJ, 
Charbon JA, et al. Delayed primary closure of the septic open 
abdomen with a dynamic closure system. World J Surg. 2011;35(10): 
2348–2355.

Fellows et al. 
J Trauma Acute Care Surg 

Volume 00, Issue 00

10 © 2026 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Association for the Surgery of Trauma. 


	Noninvasive fascial traction improves primary fascial closure and reduces the incidence of incisional hernia in open abdomens
	METHODS
	Temporary Abdominal Coverage Methods
	Data Collection
	Statistical Analysis

	RESULTS
	Incisional Hernia Assessment
	Factors Associated With Incisional Hernia

	DISCUSSION
	REFERENCES




