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Abstract
Background.

To evaluate whether initial open-abdomen management with negative-pressure wound therapy (OA-
NPWT) was associated with 30-day mortality compared with primary fascial closure in patients
undergoing urgent surgery for abdominal septic shock, while accounting for confounding by indication.

Methods.

We conducted a retrospective single-center cohort study of consecutive adults undergoing urgent
source-control laparotomy between May 2021 and April 2026. Propensity-score overlap weighting was
used to balance pre-decision clinical and operative characteristics. The primary outcome was 30-day
mortality. Exploratory analyses assessed factors associated with OA-NPWT selection and treatment-
effect heterogeneity.

Results.

Among 128 patients, 52 (40.6%) received OA-NPWT and 76 (59.4%) underwent primary fascial closure.
After overlap weighting, estimated 30-day mortality was 24.8% with OA-NPWT and 23.9% with primary
closure (risk difference, 0.9 percentage points; 95% Cl, -18.4 to 20.2; RR, 1.04; 95% Cl, 0.47-2.29).
Sensitivity and time-to-event analyses were concordant. OA-NPWT was associated with longer
mechanical ventilation. Its selection was associated mainly with shorter operative duration, second-
vasoconstrictor use, and procedure type. No reproducible clinical or baseline-risk subgroup showed a
differential mortality effect.

Conclusions.

Initial OA-NPWT management was not associated with a detectable difference in 30-day mortality after
adjustment for confounding by indication, although clinically important benefit or harm could not be
excluded. These findings support selective rather than routine open-abdomen use in abdominal septic
shock.

Clinical trial registration

Not applicable. This was a retrospective observational cohort study.

Background
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Severe intra-abdominal sepsis complicated by septic shock remains a major challenge in emergency
surgery. Although timely source control is essential, the optimal abdominal management after
laparotomy is uncertain. In selected patients, primary fascial closure may be undesirable because of
profound physiological derangement, bowel edema, concern for intra-abdominal hypertension, the need
for deferred anastomosis or planned re-exploration, or uncertainty regarding source control. Accordingly,
international guidelines recognize the open abdomen (OA) as a potential damage-control strategy in
carefully selected patients [1, 2].

Negative-pressure wound therapy (NPWT) is widely used for temporary abdominal closure. The
ABThera™ system has been specifically described for OA-NPWT management in septic patients and may
facilitate evacuation of contaminated fluid, reduce visceral edema, limit fascial retraction, and allow
rapid re-entry for staged procedures [2, 3]. Recent clinical reports have illustrated its use in septic shock
following intestinal perforation, permitting delayed reconstruction after physiological stabilization [4].
Experimental data also suggest that negative peritoneal pressure may reduce the burden of
inflammatory mediators, although this biological effect remains unproven in humans [5, 6].

Observational studies have reported improved survival with OA and NPWT compared with primary
closure or alternative temporary closure methods [7, 8], while standardized OA protocols have achieved
favorable survival and high delayed fascial closure rates in selected patients [9, 10]. However, these
findings are difficult to interpret because OA is preferentially used in patients with greater physiological
instability and more complex intra-abdominal disease, creating substantial confounding by indication.
Moreover, OA carries important potential harms, including repeated operations, fluid and protein losses,
prolonged ventilation, enteroatmospheric fistula, and failure of definitive fascial closure [1, 2].
Comparative evidence remains inconsistent, and randomized evidence is still limited [5, 11].

Given this uncertainty, the primary aim of this study was to evaluate the association between an initial
OA-NPWT strategy using and 30-day mortality compared with primary fascial closure, using propensity-
score overlap weighting. Two exploratory aims were to identify preoperative and intraoperative factors
associated with OA-NPWT use and to investigate whether its association with mortality varied according
to selected clinical characteristics or baseline predicted risk.

Methods
Study design and setting

We conducted a retrospective, single-center observational cohort study at a university tertiary-care
hospital serving as a regional referral center for emergency and complex abdominal surgery. The study
was conducted in accordance with the Declaration of Helsinki and approved by the local ethics
committee (AOP60652). The requirement for written informed consent was managed according to local
regulations. Reporting followed the STROBE statement (Supplementary Table 1).
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Study population

We included consecutive adults (=18 years) with abdominal septic shock undergoing urgent surgery for
source control between May 1, 2021, and April 30, 2026. Septic shock was defined according to the
Sepsis-3/Surviving Sepsis Campaign criteria [12]. We excluded patients with abdominal sepsis without
septic shock, patients undergoing abdominal source control for trauma, and patients in whom an open
abdomen was instituted after an initial elective operation.

Objectives and outcomes

The primary objective was to estimate the association between an initial open-abdomen negative-
pressure wound therapy (OA-NPWT) strategy and 30-day mortality compared with primary fascial
closure, accounting for confounding by indication. Secondary outcomes included duration of mechanical
ventilation, tracheostomy, 28-day ventilator-free days (VFDs), continuous renal replacement therapy,
abdominal reinterventions, abdominal wound dehiscence, multidrug-resistant organism (MDRO)
infection, and ICU and hospital length of stay. Exploratory analyses investigated factors associated with
OA-NPWT use and potential heterogeneity of its association with mortality.

Exposure and data collection

Exposure was defined according to the strategy selected at the index source-control laparotomy: OA-
NPWT or primary fascial closure, irrespective of subsequent reoperations or delayed closure. OA-NPWT
was performed using the ABThera™ Open Abdomen Negative Pressure Therapy System at -100 mmHg.

Demographic, clinical, laboratory, physiological, and operative variables were retrospectively extracted
from electronic medical records, anesthesia charts, operative reports, and ICU records using a
predefined database. Variables included comorbidities, preoperative severity and inflammatory markers,
Mannheim Peritonitis Index, timing and type of surgery, intraoperative hemodynamic support, blood loss
and transfusions, and postoperative outcomes. Detailed variable definitions, including VFDs, abdominal
reintervention, wound dehiscence, MDRO infection, second vasoconstrictor use, and OA-NPWT duration,
are provided in the Supplementary Methods.

Statistical analysis

Continuous variables were summarized as mean (SD) or median (IQR), and categorical variables as
counts and percentages. For the primary analysis, the propensity score for OA-NPWT use was estimated
using logistic regression including prespecified variables available before or at the time of the decision
for open-abdomen management. Overlap weighting was used to target patients with the greatest clinical
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equipoise [15]. Covariate balance was assessed using standardized mean differences, with [SMD|<0.10
considered adequate.

The adjusted 30-day mortality risk ratio (RR) was estimated using overlap-weighted modified Poisson
regression with robust variance [16]. Adjusted risks and risk differences were obtained by marginal
standardization with 95% confidence intervals. Complementary time-to-event analyses included
weighted Kaplan—Meier estimates, restricted mean survival time, and weighted Cox regression.
Secondary outcomes were analyzed using weighted regression models appropriate to outcome type.

Missing covariates included in the primary propensity-score model were handled using multiple
imputation by chained equations (10 datasets) [19]; outcomes were not imputed. Prespecified sensitivity
analyses evaluated the robustness of the primary findings using alternative confounding-control
strategies, common-support restriction, complete-case analysis, inclusion of procalcitonin, and E-values
[18].

Exploratory analyses of predictors of OA-NPWT use, treatment-effect modification, and baseline
mortality risk used penalized regression and bootstrap resampling.

All tests were two-sided, with P<0.05 considered statistically significant for the primary analysis.
Analyses were performed using R version 4.5.2.

Additional methodological details are provided in the Supplementary Methods.

Results

Study population and covariate balance

During the study period, 179 patients were assessed for eligibility. After excluding 10 patients with
abdominal sepsis without septic shock, 38 undergoing abdominal source control for trauma, and 3 in
whom an open abdomen was instituted after an initial elective operation, 128 patients comprised the
final cohort (Figure 1). Of these, 52 (40.6%) received initial open-abdomen management with OA-NPWT
and 76 (59.4%) underwent primary fascial closure. Thirty-one deaths occurred within 30 days. Day-30
vital status was known for 120 patients; 8 patients last known alive before day 30 were excluded from
the binary mortality analysis but retained in time-to-event analyses with censoring.

The causal framework used to select covariates for adjustment is shown in Supplementary Figure 1.
Relevant baseline imbalances were present before weighting (Table 1; Figure 2), whereas overlap
weighting achieved adequate balance across propensity-score covariates. The effective sample size was
37.4 for OA-NPWT and 44.1 for primary closure. No OA-NPWT patient underwent an upper-
gastrointestinal procedure, resulting in negligible contribution of this stratum to the overlap estimand.
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Association between initial OA-NPWT and clinical
outcomes

In the primary overlap-weighted analysis, 30-day mortality was 24.8% with OA-NPWT and 23.9% with
primary fascial closure, corresponding to a risk difference of 0.9 percentage points (95% Cl,-18.4 to
20.2) and an adjusted RR of 1.04 (95% Cl, 0.47-2.29) (Table 2).

The time-to-event analyses were concordant. Overlap-weighted cumulative 30-day mortality was 23.9%
with OA-NPWT and 22.8% with primary fascial closure. Restricted mean survival time through day 30
was 25.09 versus 25.42 days, corresponding to a difference of -0.33 days (95% bootstrap Cl, -4.44 to
3.61). The weighted Cox analysis yielded an HR of 1.05 (95% bootstrap Cl, 0.38-2.62), with no evidence
of proportional-hazards violation (weighted Schoenfeld-residual test, P=0.379). Among the 52 patients
initially managed with OA-NPWT, recorded device-placement duration was a median of 47.3 hours (IQR,
38.0-95.3 hours; range, 18-250 hours), equivalent to 1.97 days (IQR, 1.58-3.97 days). The recorded OA-
NPWT treatment period had ended by day 2 in 28 of 52 patients (53.8%) and by day 5 in 47 of 52 (90.4%)
(Figure 3).

Among secondary outcomes, OA-NPWT was associated with more abdominal reinterventions and longer
mechanical ventilation, whereas wound dehiscence was less frequent; estimates for the remaining
secondary outcomes were imprecise (Table 2).

Prespecified sensitivity analyses yielded results consistent with the primary estimate, including
conventional multivariable adjustment, propensity-score matching, common-support restriction,
complete-case analysis, and reintroduction of procalcitonin (Supplementary Figure 2). The E-value for
the primary adjusted RR was 1.24; because its 95% CI crossed the null, the E-value for the confidence-
limit closest to the null was 1.00.

Factors associated with initial OA-NPWT selection

In the exploratory ridge-penalized model, OA-NPWT use was associated mainly with shorter operative
duration, use of a second vasoconstrictor, surgical procedure type, and, more weakly, higher
intraoperative norepinephrine requirements (Figure 4; Supplementary Table 2). Other severity,
inflammatory, transfusion, and physiological variables showed weaker associations.

Exploratory treatment-effect heterogeneity

No prespecified modifier showed convincing evidence of treatment-effect heterogeneity (Table 3;
Supplementary Figure 3). Similarly, treatment effects across quartiles of predicted baseline mortality
risk were imprecise and showed no consistent trend (Table 3; Supplementary Figure 4); the continuous
treatment-by-risk interaction was not significant. Overall, no reproducible clinical characteristic or
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baseline-risk subgroup was identified in which OA-NPWT was associated with a clearly different 30-day
mortality effect.

Missing data are fully reported in Supplementary Table 3.

Discussion

In this cohort of patients undergoing urgent laparotomy for abdominal septic shock, initial open-
abdomen management with OA-NPWT was associated with no detectable difference in 30-day mortality
compared with primary fascial closure after adjustment for confounding by indication. Secondary
analyses suggested a more intensive postoperative course with open-abdomen management, including
more subsequent abdominal procedures and longer mechanical ventilation and critical-care exposure.
Exploratory analyses indicated that OA-NPWT was preferentially selected in specific operative settings
and in patients with greater hemodynamic instability, whereas no reproducible subgroup was identified in
which it was associated with superior survival.

The principal finding was the absence of a detectable mortality advantage with an initial open-abdomen
strategy. However, the wide confidence intervals remained compatible with clinically important benefit or
harm and therefore preclude any conclusion of equivalence. Our findings do not support routinely leaving
the abdomen open with the expectation of improving survival, but neither do they exclude a clinically
relevant benefit or harm in appropriately selected patients.

This finding differs from several observational studies reporting lower mortality with open-abdomen
negative-pressure therapy. Bleszynski et al. found lower adjusted mortality with open abdomen and VAC
than with primary closure in severe abdominal sepsis [7], while Poillucci et al. reported lower 30-day
mortality with NPWT compared with alternative temporary closure techniques [8]. A meta-analysis of
observational studies similarly suggested lower mortality among patients managed with NPWT [20].
These studies, however, differed substantially in comparators, indications, case mix, and methods used
to address baseline severity. Most importantly, the decision to leave the abdomen open is closely linked
to physiological instability, operative findings, and anticipated need for staged source control, making
observational comparisons particularly vulnerable to confounding by indication. Our use of overlap
weighting specifically targeted patients in whom either initial strategy was clinically plausible and may
partly explain the difference from previous unweighted or conventionally adjusted comparisons.

Available randomized evidence does not resolve this uncertainty. The Intraperitoneal Vacuum Trial
reported improved 90-day survival with OA-NPWT compared with Barker's vacuum pack, but included
only 45 patients and compared two temporary abdominal closure techniques rather than open abdomen
with primary fascial closure [21]. Likewise, prospective evidence favoring OA-NPWT over Barker's
technique addresses device selection after the decision to leave the abdomen open has already been
made [22]. Conversely, a recent comparison of open and closed abdominal management found no
statistically significant survival difference [11]. Thus, contemporary NPWT appears effective for
managing an abdomen that has already been left open, but available evidence does not establish that
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choosing an open-abdomen strategy improves survival over primary closure. This distinction is central to
the ongoing COOL trial (NCT03163095), which directly compares open versus closed abdominal
management after source-control laparotomy for severe intra-abdominal sepsis [5].

The secondary outcomes help characterize the treatment burden associated with open-abdomen
management. After weighting, OA-NPWTwas associated with approximately 2.8 additional days of
mechanical ventilation, 3.3 fewer ventilator-free days, 1.5 additional subsequent abdominal procedures,
3.5 additional ICU days, and 6.9 additional hospital days. These findings should not be interpreted
uniformly as adverse effects of OA-NPWT. Planned re-exploration, staged source control, bowel
reassessment, and delayed fascial closure are intrinsic components of many open-abdomen pathways,
while prolonged ventilation and critical-care exposure may similarly reflect the broader treatment
trajectory rather than direct device-related harm. Previous studies have reported favorable fascial-
closure and complication profiles with contemporary NPWT systems compared with older temporary
closure techniques [22, 23], whereas enhanced NPWT strategies have shown potential advantages in
wound clearance or procedural burden without consistent effects on length of stay or mortality [24-26].
The lower incidence of wound dehiscence observed with OA-NPWT should also be interpreted cautiously
because the outcome is not symmetrical between strategies. Moreover, this was one of several
secondary outcomes assessed without adjustment for multiplicity and should therefore be considered
hypothesis-generating.

Exploratory analyses were consistent with selective use of OA-NPWT as part of a damage-control
strategy. OA-NPWT use was most strongly associated with a second vasoconstrictor, shorter operative
duration, and procedure type, with a weaker association with higher norepinephrine requirement. This
pattern is consistent with previous descriptions of open-abdomen management in patients with
hemodynamic instability, visceral edema, uncertain bowel viability, deferred reconstruction, or
anticipated re-exploration [10, 26, 27], and with reports of staged management in intestinal perforation
and septic shock requiring substantial vasopressor support [4]. The association with shorter operative
duration may therefore reflect abbreviated laparotomy rather than an effect of the device itself. These
characteristics should not be regarded as validated indications for OA-NPWT; rather, they illustrate the
clinical selection process underlying treatment allocation and the resulting potential for confounding by
indication.

No convincing treatment-effect heterogeneity was identified across SOFA score, Mannheim Peritonitis
Index, C-reactive protein, norepinephrine requirement, operative duration, maximum intraoperative
lactate, or baseline predicted mortality risk. Although favorable outcomes have been reported in selected
patients undergoing abbreviated laparotomy, deferred anastomosis, or planned second-look procedures
[3, 4, 21, 28], such reports identify settings in which OA-NPWT can be used successfully rather than
demonstrating that these characteristics modify its effect relative to primary closure. Our findings
therefore do not support defining thresholds of physiological severity above which OA-NPWT should
preferentially be used. However, with only 128 patients and 31 deaths, interaction analyses were
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necessarily imprecise, and absence of statistically detectable heterogeneity should not be interpreted as
evidence that treatment effects are uniform across all patients.

From a clinical perspective, these findings support a selective rather than routine open-abdomen
strategy. The decision to leave the abdomen open should remain driven by operative and physiological
circumstances—such as adequacy of source control, bowel viability, anticipated fascial-closure tension,
or need for planned re-exploration—rather than by an expectation of a generalized survival benefit. The
additional procedural and critical-care burden associated with the open-abdomen pathway should also
be considered when weighing its potential technical advantages.

For future research, the key question is therefore not simply whether OA-NPWT is effective once an
abdomen has been left open, but which patients benefit from choosing an open-abdomen strategy over
primary closure. Beyond the ongoing COOL trial [5], future multicenter studies should ideally enroll
patients at the point of genuine surgical equipoise, after initial source control but before the final
decision regarding fascial closure, and prospectively capture the intraoperative and technical factors that
influence that decision. Randomized or pragmatic designs should standardize the main open-abdomen
and closure pathways, account for major operative phenotype and physiological severity, and consider
patient-centered outcomes incorporating mortality, organ-support burden, major surgical morbidity, and
successful definitive fascial closure rather than mortality alone.

Several limitations warrant consideration. The retrospective, single-center design leaves the possibility of
residual confounding despite a prespecified causal framework, restriction of the propensity-score model
to pre-decision variables, overlap weighting, and concordant sensitivity analyses. Although overlap
weighting achieved excellent balance in measured pre-decision characteristics, treatment allocation may
also have depended on unmeasured intraoperative or technical factors not captured in the propensity-
score model, including bowel viability, perceived adequacy of source control, visceral or abdominal-wall
edema, anticipated fascial-closure tension, need for planned re-exploration, or other elements of surgeon
judgment. Residual confounding by indication therefore remains possible despite the observed covariate
balance. The limited number of events resulted in wide confidence intervals for the primary effect and
particularly low precision for interaction analyses; penalized modeling, spline methods, and bootstrap
procedures reduce overfitting but cannot overcome limited information. Positivity was imperfect for
some operative categories, especially upper-gastrointestinal surgery; accordingly, the overlap-weighted
estimand applies primarily to patients for whom either strategy was realistically possible. Missing
covariates were addressed using multiple imputation, while eight patients without complete 30-day
follow-up were excluded from the binary outcome but retained with censoring in time-to-event analyses,
which yielded concordant findings. Finally, secondary duration-based outcomes are influenced by
survival and by the treatment pathway itself, and both exploratory aims should be regarded as
hypothesis-generating.

Conclusions
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In patients undergoing urgent laparotomy for abdominal septic shock, OA-NPWT was used selectively as
a damage-control strategy in the setting of greater physiological instability and specific operative
scenarios. After adjustment for measured confounding by indication, no detectable difference in 30-day
mortality emerged compared with primary fascial closure, although clinically important benefit or harm
could not be excluded. Open-abdomen management was associated with a more intensive
postoperative pathway, including more reinterventions and greater exposure to mechanical ventilation
and prolonged hospitalization. No reliable clinical or baseline-risk subgroup with a survival advantage
was identified. These findings support selective rather than routine use of OA-NPWT, guided by specific
operative and physiological indications for avoiding immediate fascial closure rather than by an
expectation of improved survival. Larger prospective randomized studies are needed to define its
comparative effectiveness more precisely.
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Tables

Table 1. Preoperative and decision-time characteristics before and after overlap weighting.

Values are mean (SD) for continuous variables and n (%) for binary/categorical variables before
weighting; overlap-weighted columns are weighted means (SDs) or weighted percentages. SMD,
standardized mean difference. Because the propensity score was estimated using logistic regression,
overlap weighting yields exact finite-sample mean balance for covariates included in the propensity-
score model; therefore, post-weighting SMDs for these covariates are expected to approach zero up to
numerical precision.
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Variable

Age, years
Female sex, n(%)

Body Mass Index,
kg/m?

Charlson
Comorbidity Index

Hospital-to-surgery
time, hours

Preoperative lactate,
mmol/L

Preoperative C-
reactive protein,
mg/L

Preoperative SOFA
score

Preoperative SAPS II

Mannheim Peritonitis
Index

Maximum
intraoperative
norepinephrine dose,
mcg/kg/min

Second
vasoconstrictor, n(%)

Night/holida
operation, né,)

Surgery Type, n(%):

e upper
gastrointestinal
e small bowel

. colorecj[al or
appendiceal
e combined or
multivisceral

Missing,

n

19

Unweighted
Primary  OA-
closure NPWT
76.01 72.42
(11.93) (10.49)
33 27
(43.4%) (51.9%)
26.87 24.76
(6.25) (5.35)
5.75 5.37
(2.77) (2.48)
59.12 63.09
(153.49)  (234.64)
3.61 5.24
(2.50) (4.13)
115.02 131.85
(128.05)  (139.40)
6.05 6.60
(2.24) (3.25)
51.93 54.00
(12.65) (15.22)
26.29 27.08
(6.75) (6.63)
0.26 0.32
(0.18) (0.19)
1(1.3%) 12

(23.1%)
52 36
(68.4%) (69.2%)
13 0 (0.0%)
(17.1%)

22
13 (42.3%)
(17.1%)

21

(40.4%)
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[SMD|

0.322

0.171

0.365

0.148

0.020

0.481

0.127

0.196

0.149

0.119

0.306

0.705

0.017

0.642

0.574
0.168

Overlap-weighted

Primary
closure

73.59
(13.46)

51.0%

25.07
(4.88)

5.47
(2.77)

68.21
(162.90)

4.00
(2.51)

126.52
(125.85)
5.91
(2.13)

51.90
(12.29)

26.77
(7.05)

0.30
(0.21)

4.5%

69.8%

0.0%

34.7%
43.4%

OA-
NPWT

73.59
(9.40)

51.0%

25.07
(4.76)

5.47
(2.54)

68.21
(232.07)

4.00
(3.07)

126.52
(142.59)
5.91
(2.28)

51.90
(10.86)

26.77
(6.10)

0.30
(0.20)

4.5%

69.8%

0.0%

34.7%
43.4%

[SMD|

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.001

0.000
0.000




0 37 0.005 21.5% 21.5% 0.000
(48.7%)
9
(17.3%)
13
(17.1%)

Abbreviations. OA-NPWT, open abdomen with negative-pressure wound therapy.
Table 2. Unadjusted and overlap-weighted clinical outcomes.

For binary outcomes, group estimates are risks, the absolute effect is the risk difference in percentage
points (pp), and the relative effect is the risk ratio. For continuous/count outcomes, group estimates are
means, the absolute effect is the mean difference, and the relative effect is the ratio of means. The 30-
day mortality analysis includes only patients with known day-30 vital status; time-to-event analyses used
all patients.
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Outcome

30-day mortality

Abdominal
reinterventions

Abdominal wound
dehiscence

MDRO infection

CRRT

Tracheostomy

Mechanical
ventilation days

28-day ventilator-
free days

ICU length of stay,
days

Analysis

Unadjusted
Overlap-
weighted
Unadjusted
Overlap-
weighted
Unadjusted
Overlap-
weighted
Unadjusted
Overlap-
weighted
Unadjusted
Overlap-
weighted
Unadjusted
Overlap-
weighted
Unadjusted
Overlap-
weighted
Unadjusted
Overlap-
weighted
Unadjusted

Overlap-
weighted

120

120

128

128

128

128

127

127

128

128

128

128

126

126

118

118

128

128

Primary
closure

25.0%

23.9%

0.11

0.18

18.4%

24.6%

16.0%

20.7%

13.2%

13.5%

6.6%

9.1%

3.25

3.52

19.86

19.55

6.09

6.10
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OA-
NPWT

27.1%

24.8%

1.65

1.69

11.5%

6.5%

11.5%

10.3%

11.5%

13.6%

11.5%

5.3%

6.74

6.29

15.38

16.23

10.38

9.62

Absolute
effect (95%
Cl)

2.1 (-14.0 to
18.1) pp

0.9 (-18.4 to
20.2) pp

1.55 (1.19 to
1.91)

1.51 (1.06 to
1.95)

-6.9 (-19.2to
5.4) pp

-18.1 (-33.6
to-2.6) pp

-4.5(-16.5 t0
7.5) pp

-10.4 (-25.9
to 5.1) pp

-1.6 (-13.2 to
9) pp

4.29 (1.40 to
7.18)

3.53 (-0.17 to
7.22)

Relative
effect (95%
Cl)

1.08 (0.59 to
2.00)

1.04 (0.47 to
2.29)

15.71 (7.26
to 33.99)

9.27 (4.04 to
21.27)

0.63 (0.26 to
1.52)

0.26 (0.08 to
0.82)

0.72 (0.29 to
1.80)

0.50 (0.17 to
1.42)

0.88 (0.34 to
2.26)

1.01 (0.32 to
3.18)

1.75 (0.56 to
5.45)

0.58 (0.12 to
2.74)

2.07 (1.33 to
3.22)

1.79 (1.08 to
2.96)

0.77 (0.61 to
0.98)

0.83 (0.63 to
1.10)

1.70 (1.19 to
2.44)

1.58 (0.94 to
2.66)




Hospital length of Unadjusted 128 19.51 30.71 11.20 (1.41 1.57 (1.11 to

stay, days to 20.99) 2.22)
Overlap- 128 21.92 28.81 6.89 (-3.04t0  1.31(0.89to
weighted 16.82) 1.95)

Abbreviations. Cl, confidence interval. MDRO, multidrug resistant organism. CRRT, continuous renal
replacement therapy. ICU, intensive care unit. OA-NPWT, open abdomen with negative-pressure wound
therapy.

Table 3. Exploratory effect modification and baseline-risk heterogeneity.

In Panel A continuous modifier risks are ridge-penalized predictions evaluated at the 25th, 50th, and 75th
percentiles; interaction p-values are from corresponding robust weighted spline models. NE, not
estimable because of sparse treatment-by-modifier cells. For second-vasoconstrictor use, stratum-
specific risks and risk differences are ridge-penalized model predictions and are therefore reported
despite sparse cells. The formal treatment-by-second-vasoconstrictor interaction test was not estimable
because only one primary-closure patient with known 30-day status received a second vasoconstrictor.

Panel B shows overlap-weighted effects by quartile of predicted baseline mortality risk; the continuous
treatment-by-risk interaction p-value was 0.898. The optimism-corrected C-statistic of the risk model
was 0.746.
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Modifier / risk Evaluation Risk: Risk: Risk
stratum point / range primary OA- difference,
closure NPWT

pp (95% CI)
Panel A. Prespecified individual effect modifiers (25th, 50th, and 75th percentiles)

Preoperative C- 7.77 24.6% 24.9% 0.3(-0.5t0
reactive protein 1.2)
57.90 24.6% 24.8% 0.2(-0.4t0
1.0)
214.25 24.2% 24.0% -0.2 (-0.6 to
0.5)
Preoperative SOFA 5.00 24.2% 24.3% 0.1(-0.3to
score 0.6
6.00 24.4% 24.4% 0.0 (-0.3to
0.4)
7.00 24.5% 24.5% -0.0 (-0.4 to
0.3)
Mannheim Peritonitis 22.00 18.1% 18.9% 0.8(-2.0to
Index 5.6
26.00 20.6% 21.0% 0.5(-1.7to
3.8
32.00 28.4% 28.1% -0.4 (-5.3t0
4.9)
Maximum 0.15 21.8% 20.8% -1.0 (2.6 to
intraoperative 0.5)
norepinephrine dose
0.25 22.8% 22.3% -0.5(-1.6to
0.6)
0.40 25.1% 26.0% 0.9 (-0.5t0
3.0)
Operation duration 1.75 24.6% 24.6% 0.0 (-0.6 to
0.8
2.38 24.5% 24.5% 0.0 (-0.5to
0.6
3.06 24.3% 24.3% 0.0 (-0.3to
0.4)
Maximum 1.73 19.6% 14.3% -5.3(-12.5to
intraoperative lactate 0.7)
3.17 21.9% 19.3% -2.6 (-9.4 1o
3.5)
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Interaction p

RR (95% CI)

p=0.752

p=0.468

p=0.458

p=0.880

p=0.977

p=0.424




Second

Quartile 1

Quartile 2

Quartile 3

Quartile 4

4.79

No

vasoconstrictor

Yes

8.5%-15.7%

15.9%-21.4%

21.5%-32.0%

32.2%71.4%

25.7%

24.4%

24.3%

2.4%

11.1%

27.5%

54.8%

29.3%

24.4%

24.3%

10.5%

9.4%

19.0%

61.0%

3.7 (4310
11.5)

0.0 (0.3 to
0.4)

0.0 (-0.3 to
0.4)

Panel B. Effect by quartile of predicted baseline mortality risk under primary closure

8.1 (-13.3t0
29.4)

-1.6 (-(24.2 to
21.0)

-8.5 (-49.5 to
32.5)

6.2 (-39.5 to
51.8)

NE

Abbreviations.

Figures

OA-NPWT, open abdomen with negative-pressure wound therapy.
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Assessed for eligibility during the study period
(N =179)

Excluded (n = 51)

— Abdominal sepsis without septic shock

> (n=10)

— Abdominal source control for trauma
(n = 38)

— Open abdomen instituted after an initial
elective operation (n = 3)

A

Final study cohort
(N =128)

. v

Initial open-abdomen management Primary fascial closure
with ABThera n =76 (59.4%)
n = 52 (40.6%)

| |
v

Thirty-one deaths occurred within 30 days

v
Day-30 vital status known for 120 patients (93.8%)

Vital status unknown at day 30 (last known alive

before day 30): n = 8 (6.2%)

» Excluded from binary 30-day mortality analysis

* Retained in time-to-event analyses (censored
at last known follow-up)

4
Included in binary 30-day mortality analysis
n=120

Deaths within 30 days: n = 31 (25.8%) :
(ABThera: n = 13; Primary closure: n = 18) !

i STy T WEARY .
| Effective sample size (OW) i | Effective sample size (OW) i
; ABThera il Primary fascial closure \
! n=237.4 ISt n=44.1 i

I 1

OW = overlap weighting.

Percentages may not total 100% due to rounding.

Figure 1

Study flow diagram.

Flow diagram of patient screening, exclusions, final cohort allocation according to the initial abdominal
management strategy, ascertainment of 30-day vital status, and effective sample size after propensity-
score overlap weighting. Patients without complete 30-day vital status were excluded from the binary
mortality analysis but retained in time-to-event analyses with censoring at the last known follow-up.
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A Distribution of the propensity score for initial ABThera before weighting

[ Primary fascial closure
ABThera

Density

0.0 0.2 0.4 0.6 0.8 1.0
Propensity score for initial ABThera

B Love plot of covariate balance before and after overlap weighting

Second vasoconstrictor
Surgery: upper gastrointestinal
Surgery: small bowel
Preoperative lactate -

BMI, kg/m?

Age, years

Maximum intraoperative norepinephrine dose -
Preoperative SOFA score
Female sex

Surgery: colorectal/appendiceal
Preoperative SAPS Il

Charlson Comorbidity Index
Preoperative C-reactive protein -
Mannheim Peritonitis Index -

Hospital-to-surgery time, h 1

Night/holiday operation -
@® Before weighting

W After overlap weighting

Surgery: combined/multivisceral

T T
0.1 0.2 0.3 0.4 0.5 0.6 0.7
Absolute standardized mean difference

o
[S)

Figure 2

Propensity-score distribution and covariate balance before and after overlap weighting.

(A) Distribution of the propensity score for initial OA-NPWT management before weighting in patients
undergoing urgent laparotomy for abdominal septic shock. The dashed vertical lines indicate the lower
and upper bounds of the empirical common-support region used in the corresponding sensitivity
analysis (0.16 and 0.91, respectively).
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(B) Love plot showing absolute standardized mean differences for covariates included in the propensity-
score model before and after overlap weighting. Colorectal/appendiceal surgery was the reference
category for surgical procedure. The dashed vertical line indicates an absolute standardized mean
difference of 0.10. The near-zero post-weighting SMDs reflect the exact finite-sample mean-balance
property of logistic-regression-based overlap weights rather than post hoc balance optimization.

Overlap-weighted 30-day survival

1.0 A
—— Primary fascial closure
- ABThera

[ I
'—

o
[00]
1

o
(o)}
1

Weighted survival probability
o
’S

©
N
1

0.0 T T T T T

100 A

75

50 A

ABThera
discontinued, %

25 A
- Cumulative discontinuation IQR 1.58-3.97d ---- Median 1.97 d

0 L T T T T T
0 5 10 15 20 25 30

Days since index operation

Figure 3

Overlap-weighted 30-day survival according to initial abdominal management strategy.

Upper panel: overlap-weighted Kaplan-Meier survival curves comparing initial open-abdomen
management with OA-NPWT and primary fascial closure through 30 days after the index operation. All
patients contributed to the time-to-event analysis and were censored at the earlier of last known follow-
up or day 30. Overlap-weighted cumulative 30-day mortality was 23.9% with OA-NPWTa and 22.8% with
primary fascial closure. Restricted mean survival time through day 30 was 25.09 versus 25.42 days,
respectively, corresponding to a difference of -0.33 days (95% bootstrap Cl, -4.44 to 3.61).
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Lower panel: descriptive empirical cumulative distribution of the recorded duration of OA-NPWT
placement among the 52 patients initially managed with OA-NPWT. Rug marks indicate individual patient
durations; the dashed vertical line indicates the median duration (1.97 days), and the shaded area
indicates the interquartile range (1.58—3.97 days). The lower panel is unweighted and descriptive and
should not be interpreted as a time-varying treatment-effect analysis.

Ridge-penalized associations with initial ABThera selection

OR (95% CI)

1
1
1
Second vasoconstrictor (yes vs no) H _— 2.07 (1.33-2.92)
i
Small-bowel surgery vs colorectal/appendiceal E L 2 1.72 (1.04-2.79)
i
1
Maximum intraoperative norepinephrine (per 1 SD) —_— 1.38 (0.99-2.06)
i
Other blood components (yes vs no) B R — 1.31 (0.85-1.97)
i
1
Preoperative lactate (per 1 SD) : L 1.31 (0.84-2.11)
i
1
Combined/multivisceral surgery vs colorectal/appendiceal T L 2 1.30 (0.70-2.16)
i
Inotrope/adrenaline (yes vs no) : L 2 1.26 (0.76-1.99)
i
1
Night/holiday operation (yes vs no) —e 1.18 (0.73-1.97)
i
1
Preoperative CRP (per 1 SD) —i—o— 1.15 (0.81-1.72)
i
Mannheim Peritonitis Index (per 1 SD) _— 1.13 (0.79-1.69)
i
1
Red-cell transfusion units (per 1 SD) —_—— 1.12 (0.76-1.60)
i
Preoperative SOFA (per 1 SD) —E—.— 1.08 (0.71-1.53)
i
Intraoperative blood loss (per 1 SD) —_— 1.02 (0.68-1.43)
i
Maximum intraoperative lactate (per 1 SD) *— 0.92 (0.57-1.40)
E
1
Preoperative SAPS Il (per 1 SD) —_— 0.72 (0.51-1.10)
i
Upper gastrointestinal surgery vs colorectal/appendiceal —_— H 0.45 (0.33-0.65)
i
Operation duration (per 1 SD) & E 0.35 (0.22-0.52)
i
T T + T
0.2 0.5 1 2

Figure 4

Penalized odds ratio for initial ABThera selection

Ridge-penalized associations with selection of initial OA-NPWT management.

Forest plot of odds ratios and 95% bootstrap confidence intervals from the ridge-penalized logistic
regression model evaluating factors associated with initial OA-NPWT selection. Continuous predictors
are expressed per 1-SD increase; categorical predictors are expressed relative to the indicated reference
category. Colorectal/appendiceal surgery was the reference surgical category. Estimates describe
treatment-selection associations and should not be interpreted as treatment effects.
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