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ABSTRACT

BACKGROUND: In modern armed conflicts, peritonitis incidence in penetrating abdominal injuries involving hollow organ dam-
age reaches 31%.

AIM: This study aimed to evaluate the effectiveness of vacuum-assisted laparotomy as a temporary abdominal closure tech-
nique in the open abdomen approach for patients with penetrating abdominal gunshot wounds complicated by peritonitis.
METHODS: The outcomes of vacuum-assisted laparostomy were analyzed in 100 patients with penetrating abdominal gunshot
wounds complicated by peritonitis between March 1, 2022, and March 1, 2024. The patients were divided into three groups
based on hospital department and clinical outcome: group 1, 9 patients from the surgical department; group 2, 59 wounded
patients from the anesthesiology and intensive care unit who underwent definitive abdominal closure; and group 3, 32 patients
with documented in-hospital mortality. The patients in groups 1 and 2 were further subdivided according to definitive abdomi-
nal closure technique: layered closure of the abdominal wall (primary fascial closure) or skin-only closure of the laparotomy
wound (planned ventral hernia) performed during the final relaparotomy. Each relaparotomy was performed with vacuum-
assisted laparotomy according to a standardized protocol. Predictive models to achieve primary fascial closure and for in-
hospital mortality were developed.

RESULTS: Primary fascial closure was achieved in 78% of group 1 cases and in 29% of group 2 cases (p < 0.007). In group 2, the
planned ventral hernia subgroup had significantly more relaparotomies (p < 0.001), longer open abdomen duration (p < 0.001),
and longer intensive care unit stays (p = 0.008) than the primary fascial closure subgroup. An increase in the duration of open
abdomen management (group 2) by 1 day decreased the possibility of primary fascial closure by 18% (odds ratio [OR] = 0.817;
95% confidence interval [Cl]: 0.706-0.945; p=0.007). In group 2, a decrease in the interval between surgical interventions was
a predictor of in-hospital mortality (OR = 0.934; 95% Cl: 0.876—0.997; p = 0.040). An increase in patient age by 1 year increased
the possibility of death by 15% (OR = 1.153; 95% Cl: 1.035-1.284; p=0.010), whereas a 1 point increase in organ failure severity
score at the initiation of open abdomen approach increased it by 82% (OR = 1.817; 95% Cl: 1.255-2.632; p = 0.002).
CONCLUSION: Achieving primary fascial closure is associated with a smaller number of preceding surgical interventions and
duration of intensive care unit treatment. The shorter the open abdomen duration, the higher the possibility of primary fascial
closure. Patient age and the initial organ failure severity score are potential predictors of in-hospital mortality in patients with
penetrating abdominal gunshot wounds complicated by peritonitis.

Keywords: abdominal compartment syndrome; vacuum-assisted laparostomy; open abdomen; primary fascial closure;
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AHHOTALMUA

06ocHoBaHuMe. B coBpeMeHHbIX BOOPYHEHHBIX KOHGDMKTaX YacToTa pa3BUTUS MEPUTOHUTA NPU NPOHMKAIOLLMX PAHEHMSAX HK-
BOTa, CONPOBOXAAIOLLMXCS NOBPEXAEHUEM MOSIbIX OPraHoB, focturaet 31%.

Lienb — oueHnTb 3 HEKTUBHOCTb BaKyyM-acCUCTMPOBAHHOW J1anapoTOMUM KaK METOAMKM BPEMEHHOTO 3aKpbITUS DPIOLLHOV
MOJOCTY B X0e TAKTUKU «OTKPbITHIN XMBOT» Y NALMEHTOB C OFHECTPENbHBIMU MPOHUKAILLMMU PaHEHUAMM UBOTA, OCIIOXK-
HEHHbIMW Pa3BUTUEM MEPUTOHMTA.

MeTogpl. [lpoaHanu3upoBaHbl pesynbTaTbl MPUMEHEHWS BaKyyM-acCUCTUpOBaHHOW nanapoctomMun ans nevequs 100 na-
LMEHTOB C OrHECTPENbHBbIMU MPOHMKAIOWMMM PAaHEHUAIMU KMBOTA, OCNOMHEHHBIMKM pa3suTveM neputonuta ¢ 01.03.2022
no 01.03.2024. B 3aBuMCMMOCTM OT OTAENEHUA NPebbIBaHMSA M KIMHUYECKOTO0 MCX0Aa BCE MauyeHTbl Obinv pasgeneHb
Ha 3 rpynnbl: 1-10 rpynny coctaBuiv 9 NaLMeHTOB XMPYPryeckoro OTAENEHMUS; BO 2-10 rpynMny BKIOYeHbl 59 paHeHbIX oTae-
NIeHWs aHECTe3MONOMMN 1 peaHUMaLIK, Y KOTOPbIX BbIMOSIHEHO «OKOHYaTeNbHOE 3aKpbITHe DPIOLLIHOMA NOMOCTU»; 32 NaLMeHTa
€ 3aMKCUPOBaAHHBIM BHYTPUOONBHUYHBLIM NeTabHbIM UCX0LOM cocTaBunmn 3-to rpynny. Kpome Toro, B 1-i U 2-i rpynnax
b0 NpefycCMOTPEHO pa3feneHue NaLMeHTOB Ha MOAMPYNNbl B 3aBUCMMOCTU OT METOAMKM «OKOHYATeNIbHOro 3aKpbITUs
DpIoLLHOM NOMOCTW»: NOCNONHOE YiLMBaHME OpIOLLHOMA NoMocTM (NepBuYHOE dacumanbHoe 3aKpbITUE) UK YLLMBAHUE TOBKO
KOXXY J1anapoTOMHOM paHbl (3anporpaMMMUpOBaHHas BEHTPasibHas rpbixa), peanu30BaHHON B X0 3aKJIYMTENbHOM penana-
potomun. Kaxayio penanapoTtoMuio 3aBepLuany BaKyyM-acCUCTUPOBAHHOM NanapoToMUen No eAMHoMy mpoTokony. [pous-
BeIeHO MOCTPOEHWE NPOrHOCTUYECKWX MOLENei BbIMOSHEHUS MEPBUYHOTO GacLyManbHOro 3aKpbITUS U pasBUTUS BHYTPUDONb-
HWYHOrO JIeTaNIbHOro MCXoa.

Pe3synbTathl. B 1-11 rpynne nepeuyHoe dacumanbHoe 3akpbithe focTuryTto B 78% cnyyaes, Bo 2-1 rpynne — B 29% cnyyaes
(p <0,007). Bo 2-1 rpynne B nogrpynne 3anporpaMMMpOBaHHON BEHTPaNbHOI rpbixu 6osibLUee, YeM B MOATpyNne NepBUYHOTO
dacumanbHoro 3aKpbiTus, Konndectso penanapotomuit (p <0,001), AnuTenbHOCTb BefieHUs OTKpbIToro xusota (p <0,001),
ANMTENBHOCTb HaxoxaeHus B otaeneHuu (p=0,008). YBenudyenne anuTenbHOCTU OTKPLITOrO XMBOTA (2-8 rpynna) Ha 1 cyTku
YMeHbLLAET BEPOATHOCTb NEpBUYHOMO dacumanbHoro 3akpbitua Ha 18% (oTHowenuwe waHcos pasHo 0,817; 95% posepu-
TenbHbIn uHTepean: 0,706-0,945; p=0,007). YMeHbLLeHUe BPEMEHHOI0 MHTEpPBaa MKy ONnepaTMBHLIMU BMELLATENbLCTBAMM
ANS MaLUMeHTOB 2-1 rpynnbl — MPeAUKTOP Pa3BUTUS NieTanbHOro ucxoaa (oTHoLeHMe LaHcoB paBHo 0,934; 95% posepu-
TenbHbIM uHTepBan: 0,876-0,997; p=0,040). YBennueHne Bo3pacTa naumMeHTa Ha OAMH rof, yBeJMYMBAET BEPOSTHOCTb Je-
TaNbHbIX Mcx0n0B Ha 15% (oTHowweHuWe waHcoB pasHo 1,153; 95% noseputentHbin uHTepsan: 1,035-1,284; p=0,010); noBbI-
LueHMe CyMMbI BafoB Mo LUKane OLEHKM TAXECTU OpraHHOM HeA0CTAaTOYHOCTM, NPU UHULMALMK TaKTUKU OTKPLITOrO XMBOTA,
Ha 1 6bann — Ha 82% (oTHowweHue waHcos pasHo 1,817; 95% poseputentHbiii uHTepsan: 1,255-2,632; p=0,002).
3akntoyeHue. [locTuxeHne nepBUYHOro GacumanbHOro 3aKpbiTUs COMPSIKEHO C YMEHbLUEHWEM KONWYeCTBa NpeaLUecTByio-
LUMX OMepaTMBHBIX BMELLATENbCTB, AMUTENBHOCTLI0 IEYEHNS NALMEHTOB B OTAENEHUM aHECTE3NONOMMU U peaHuMaLmuu. Yem
MEHbLLE [JIUTENIbHOCTb BEJIEHUA OTKPLITOr0 XWUBOTA, TEM BbILUE BEPOSATHOCTb MEPBMYHOTO (acumanbHOro 3aKpbiTus. Bos-
pacT naumMeHTa 1 cyMMa bannoB no LUKane OLEHKU TSKECTU OpraHHOW He0CTaTOYHOCTU MOXKHO paccMaTpuBaTh B KauecTBe
NpeaMKTOPOB BHYTPUBOBHUYHOMO IETANbHOT0 UCX0LA Y PAHEHHBIX C OFHECTPENbHBIMU MPOHUKAKOLLMMU PaHEHWUSIMU KUBOTA,

0C/TI0XKHEeHHbIMW pa3BUTUEM NEPUTOHUTA.

KnioueBble cnoBa: abaoMuHanbHbIN KOMNAapTMEeHT-CUHAPOM; BaKyyM-aCCUCTUPOBAHHAA N1anapoCTOMUA; OTKprTbIVI HNBOT;
nepeuyHoe ¢acumanb|-|oe 3aKpbITWe; NEPUTOHUT; penianapoToMns; Tepanua oTpuUaTeNibHbIM AaBJieHWeM; opraHHaa HefocTa-
TOYHOCTb.
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BACKGROUND

In local armed conflicts, the incidence of peritonitis in
penetrating abdominal injuries involving hollow organ damage
reaches 31% [1]. To date, the open abdomen (0A) approach
has been widely applied for the treatment of peritonitis and
as the first stage of damage control, taking into account
the need to prevent abdominal compartment syndrome.
This approach involves staged relaparotomies, during which
the abdominal cavity is not closed by layered suturing, but
by temporary abdominal closure (TAC) techniques, such as
Bogota bag, zipper, mesh implants, Wittmann patch, dynamic
closure sutures, Barker's vacuum pack technique, and
vacuum-assisted laparostomy (VALS) [2-4].

VALS is one of the most common and effective TAC
methods used in the OA approach [2, 3]. This technique
is based on negative pressure therapy [4, 5]. Notably, in
0A management, lateralization of the fascial edges of
the unclosed laparotomy wound is inevitable [6, 7]. This
creates difficulties in achieving primary fascial closure (PFC),
which is the layered suturing of the laparotomy wound upon
completion of OA management [8]. If PFC is not feasible and
there are no further indications for continuation of the OA
approach, only the skin of the laparotomy wound is closed;
this results in a planned ventral hernia (PVH) that should be
subsequently repaired electively [2, 9].

Thus, PFC and PVH represent the options for definitive
abdominal closure (DAC) when continuation of the OA
approach is not warranted. Early achievement of PFC is
an objective of the OA approach, and the frequency of PFC
reflects the effectiveness of a given TAC technique [2, 10].
As a TAC method, VALS allows for a high PFC rate and
demonstrates a low risk of complications and in-hospital
mortality (IHM) [11, 12].

This study aimed to evaluate the effectiveness of VALS
as a TAC method in the OA approach for patients with
penetrating abdominal gunshot wounds complicated by
peritonitis.

Table 1. Age and clinical parameters of patients in all groups, Me [Q;; Q,]
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METHODS

This single-center, uncontrolled, non-blinded study
included 102 patients with penetrating abdominal gunshot
wounds complicated by peritonitis, in whom VALS was used
as the TAC method during the OA approach. The patients’
surgical history was obtained retrospectively from medical
records. In 98% of cases, the patients had combined and
multiple injuries. At previous stages of treatment, they
underwent laparotomies and other surgical interventions in
various anatomical regions. Two patients were excluded from
the study owing to transfer to other healthcare facilities before
DAC could be conducted. VALS was performed by different
surgical teams according to a standardized technique.

The initial cohort of patients was divided into groups
based on hospital department and clinical outcome: group 1,
9 patients (9%) treated in the surgical department (SD);
group 2, 59 patients (65%) in the anesthesiology and intensive
care unit (ICU) in whom DAC was achieved; and group 3,
32 patients (35%) treated in the ICU who developed IHM.
In groups 1 and 2, patients were subdivided based on the DAC
technique applied during the current hospitalization (PFC or
PVH). Moreover, analysis within groups 1 and 2 (between
subgroups) was performed. Table 1 presents the age and
selected clinical parameters of patients in all groups.

The study was conducted in several stages: selection
and creation of the database; statistical analysis of
differences in parameters between groups and subgroups;
and development of predictive models for patient groups
to identify predictors of achieving PFC and IHM. The study
design is shown in Fig. 1.

The inclusion criteria were age >18 years, male sex,
presence of a penetrating abdominal gunshot wound
complicated by peritonitis, and the use of the OA approach
with VALS. Conversely, the exclusion criteria included
transfer to other healthcare facilities before DAC (making it
impossible to track the subsequent implementation of the OA
approach).

Group
Parameter p, 1vs2 p,2vs3
1 | 2 | 3
Age, years 26 [24; 38.5] 32 [26; 36] 34129.7; 45.3] =0.605 =0.026
Length of stay, bed days 30[19; 57] 11721 956 17.5] =0.019 =0.247
Interval from injury to first relaparotomy 9 [4: 95] 5 [4: 9] 65 [5: 10.75] 0312 -0220
with VALS, days "t ' e e -
SOFA score at the first relaparotomy with a 200 4] 75 5.25 13] B <0.001

VALS

Note (applies to all tables): VALS, vacuum-assisted laparostomy; SOFA score, Sequential Organ Failure Assessment score; vs, versus.
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Patients with abdominal injuries during the observation period, n=54

l

Patients included in the study n=102

Excluded owing to transfer
to other hospitals before DAC, n=2

Patients treated in the surgical
department, group 1, n=9

Patients treated in the anesthesiology
and intensive care unit, n=91

|
y

Primary fascial closure, n=7

Skin closure of the laparotomy
wound, n=2

y

Assessment of MOF
at the first VAL relaparotomy

v

Patients with achieved DAC, group 2, n=59

using the SOFA score

Patients with in-hospital mortality during
the OA approach, group 3, n=32

|
v

Primary fascial closure, n=17

y

Skin closure of the laparotomy
wound, n=42

:

Statistical analysis of differences between and within groups

l

Development of predictive models to identify predictors of primary fascial closure
and mortality

Fig. 1. Study design: MOF, multiple-organ failure; OA, open abdomen; DAC, definitive abdominal closure.

The study analyzed treatment outcomes of patients
admitted to the anesthesiology and ICU departments and
the SD of the diagnostic and treatment center (clinical,
multidisciplinary, and high-technology) of the S.M. Kirov
Military Medical Academy between March 1, 2022, and
March 1, 2024.

At the final stage of surgery (Fig. 2, a) (laparotomy/
relaparotomy), a perforated double-layer Suprasorb CNP
drainage film was placed into the abdominal cavity, evenly
distributed over the greater omentum and intestinal loops,
with its edges laid into the lateral canals and pelvic cavity.
The film served as a protective visceral layer between
the abdominal organs and aspirating layer (polyurethane

DOl hitps://doi.org/1017816/brmmab /7826

foam/sponge), ensuring effective evacuation of pathological
fluid from dependent recesses of the abdominal cavity
(Fig. 2, b). The film was trimmed to the required size without
loss of its functional properties.

Then, a protective visceral layer was covered
with Suprasorb CNP wound foam, modeled to the size
of the abdomen and placed between the edges of
the laparotomy wound (Fig. 2, ¢). If targeted drainage of
phlegmons, purulent tracks, or intra-abdominal abscesses
was required, additional polyurethane foams were placed in
these areas. The aponeurosis was left unsutured. Separate
intracutaneous interrupted stitches were applied to the skin
edges of the laparotomy wound to approximate them,
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d

Fig. 2. Vacuum-assisted laparostomy using a self-assembled system (details provided in the text).

leaving a 7-12 cm gap. Alternatively, to shorten operative
time, the polyurethane foam was fixed to the skin edges
of the laparotomy wound with a surgical stapler (Fig. 2, c).
Finally, an occlusive Suprasorb F film was applied to
the skin of the anterior abdominal wall. A drainage port
was secured over an opening created in this occlusive layer
(Fig. 2, d).

Negative pressure was achieved using stationary
vacuum sources installed in the ward panels of the ICU and
SD. The drains were connected to the source of continuous
negative pressure with tubing connectors, with a pressure
level of 80-120 mmHg, depending on the intraoperative
assessment of the abdominal cavity and the operating
surgeon’s preference.

Scheduled relaparotomies with replacement of
the negative pressure system were performed every
24-72 h, determined by objective indicators of the patient’s
condition severity, extent of peritonitis, and medical-
tactical situation. During staged relaparotomy, when
continuation of the OA approach was no longer required and
the fascial edges could be approximated without excessive
tension, PFC was conducted, with separate interrupted
sutures placed in the fascia and skin. If approximation
of the musculoaponeurotic layer was not feasible, only

DOl hitps://doi.org/1017816/brmmab /7826

the skin of the laparotomy wound was closed. All staged
relaparotomies were carried out under general anesthesia
with endotracheal intubation.

The primary endpoint of the study was treatment outcome
during the OA approach: definitive abdominal closure (PFC
or PVH) or IHM. Additionally, we analyzed the length of stay,
interval from the date of injury to the first relaparotomy
with VALS, interval between relaparotomies with VALS,
duration of 0A management, number of relaparotomies with
VALS, Sequential Organ Failure Assessment (SOFA) score
at the first relaparotomy with VALS, and predictive value of
these indicators for achieving PFC and for IHM.

The secondary outcomes included the incidence of
complications (hollow organ fistulas and intra-abdominal
abscesses).

The study cohort was divided into groups according to
hospital department and clinical outcome: group 1 included
patients treated in the SD, group 2 comprised ICU patients
who underwent DAC, and group 3 consisted of ICU patients
with [HM. In groups 1 and 2, patients were subdivided
depending on the DAC technique applied during the current
hospitalization (PFC or PVH). Furthermore, an intragroup
comparison was performed within groups 1 and 2 (between
subgroups).
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Outcome registration was performed based on clinical
observations documented in medical records, from the day
of the first relaparotomy with VALS until transfer to another
department, hospital discharge, or IHM. In patients treated in
the ICU, at the initiation of the OA approach, organ dysfunction
and sepsis risk were assessed using the SOFA score.

The study was approved by the Local Ethics Committee
of the S.M. Kirov Military Medical Academy (protocol no. 296;
dated November 19, 2024).

Statistical analysis was performed using IBM SPSS
Statistics v.27 (USA). When analyzing quantitative
variables, the Kolmogorov-Smirnov and Shapiro-Wilk
tests were employed to determine whether the distribution
of data in the sample corresponded to the normal law. As
the distribution of quantitative variables did not correspond
to the normal law, descriptive statistics included
the median, upper and lower quartiles (Me [Q;; Q)),
arithmetic mean, and minimum and maximum values (min
[x-1, max [x-]). Binomial variables were evaluated using
contingency tables. For comparison, Fisher’'s exact test
was applied, and odds ratios (OR) with 95% confidence
intervals (Cl) were calculated. In the comparative analysis
of results, when the distribution differed from normal in
at least one of the compared groups, the nonparametric
Mann-Whitney U test for independent samples was
utilized. The significance level was set at a = 0.05.
Predictive models of outcomes (achievement of PFC and
risk of IHM) were established using logistic regression.
Prior to modeling, predictor variables were examined
for multicollinearity by correlation matrix analysis and
variance inflation factor calculation. Predictors with high
multicollinearity were excluded to improve model stability.
Additionally, predictors with p > 0.1 were excluded from
the model. The Hosmer-Lemeshow goodness-of-fit
test was used to assess the model’s predictive ability.
The proportion of variation in the dependent variable
elucidated by the model with predictors was measured
using the Nagelkerke coefficient. The regression
coefficients, p values, ORs, and 95% Cls for ORs of each

Table 2. Clinical indicators assessed during treatment, Me [Q;; Q,]
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predictor in the final model were reported. Relative values
are presented as percentages.

RESULTS AND DISCUSSION

Differences in the frequency of PFC and interval between
VALS procedures between the patient groups were identified.
It was noted that the possibility of achieving PFC was 8.2
times higher in group 1 than in group 2, whereas in group 3,
the interval between relaparotomies with VALS was shorter
(Table 2).

No significant differences were found between
the subgroups within group 1, potentially because of
the small sample size, which limits the use of logistic
regression for constructing a predictive model in this patient
group (Table 3).

In group 2, the interrelated indicators length of stay,
number of VAL procedures, and duration of 0A management
were higher in the PVH subgroup than in the PFC subgroup
(Table 4).

When constructing a predictive model for PFC outcomes
in group 2, the predictor number of VAL procedures was
excluded because of high collinearity with the predictor
duration of 0A management (correlation coefficient r =0.913;
p < 0.001). The predictors patient age (p = 0.577), length of
stay (p = 0.232), time from injury to first VALS procedure
(p = 0.924), and interval between relaparotomies with VALS
(p = 0.145) were excluded from the model owing to lack of
statistical significance (Table 5).

According to the constructed predictive model,
the predictor SOFA score at the first relaparotomy with VALS
was significantly associated with an increased probability of
achieving PFC (OR = 1.364; 95% Cl: 1.011-1.841; p = 0.042).
An increase in this predictor value increased the probability of
achieving PFC. The predictor duration of OA management was
significantly associated with a decreased probability of PFC
(OR =0.817; 95% Cl: 0.706—0.945; p = 0.007). An increase in
this predictor value decreased the probability of achieving
PFC. ROC analysis yielded an area under the curve (AUC) of

Group
Parameter p, 1vs2 p,2vs3
1 2 3
Number of relaparotomies with VALS 2[2; 6] 413; 9] 312; 6.75] =0.095 =0.125
Interval between relaparotomies with VALS, h 64.5[48; 90.5]  56.8 [48; 64.15] 48 [36; 54] =0.436 <0.001
Primary fascial closure, n (%) 7(78) 17 (29) - =0.007* -
Duration of open abdomen management, days 715 17.9] 12 [7; 25] 713;13.75] =0.195 -

Note: OR =8.198 (95% Cl: 1.629-45.908).

DOl hitps://doi.org/1017816/brmmab /7826
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0.849 units (95% Cl: 0.748-0.951), indicating the model’s
good predictive performance. The Hosmer-Lemeshow
test showed good agreement between the model and
data (* = 7.545; p = 0.479). The Nagelkerke R? coefficient
revealed that the model explained 42.3% of the variance in
the dependent variable (PFC or PVH).

When constructing a predictive model of IHM for
the group 2 patients, the predictor number of VALS
procedures was excluded from the model because of high
collinearity with the predictor time from first VALS procedure
to IHM (r=0.913; p < 0.001). The predictors time from injury

Val. 27 (3) 2025
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to first VALS procedure (p = 0.165) and time from first VAL
procedure to IHM (p = 0.917) were excluded from the model
owing to lack of statistical significance (Table 6).

According to the constructed predictive model,
the predictor patient age was significantly associated
with an increased probability of IHM (OR = 1.153; 95%
Cl: 1.035-1.284; p = 0.010). An increase in this predictor
value increased the likelihood of IHM. The predictor length
of stay was significantly associated with a decreased
probability of IHM (OR = 0.924; 95% Cl: 0.871-0.980;
p = 0.010). An increase in this predictor value decreased

Table 3. Age and clinical parameters of group 1 patients subdivided by outcome, Me [Q;; Q,], min (x), max (X)

Subgroup p=
Parameter '
PVH*, n=2 (22%) PFC, n=7 (718%) PVH vs PFC

Age, years 37.5; 35, 40 25(23; 38]; 22, 39 0.222
Length of stay, bed days 64.5; 56,73 25 [14; 34]; 6, 58 0.11
Interval from injury to first relaparotomy with VALS, days 10; 5, 15 903;95 3,10 0.667
Number of relaparotomies with VALS 7;3, 1 2(2:311,9 0.1
Interval between relaparotomies with VALS, h 85; 74, 96 52.5 [48; 78]; 48, 96 0.143
Duration of open abdomen management, days 29; 13, 45 71471 3,22 0.111

Note (applies to all tables): PFC, primary fascial closure; PVH, planned ventral hernia. * For the PVH subgroup, in addition to Me [Q;; G,], mean, minimum,

and maximum values are provided owing to the small sample size.

Table 4. Age and clinical parameters of group 2 patients subdivided by outcome, Me [Q;; @;]

Subgroup s,
raremeter PVH*, n=42 (71%) PFC, n=17 (29%) PVH vs PFC
Age, years 31.5 [26; 35.25]; 20, 48 32 [24.5; 40]; 21, 50 =0.801
Length of stay, bed days 15.5[7.75;32.75]; 2, 112 715;125]; 2,33 =0.008
Interval from injury to first relaparotomy with VALS, days 6 [4;8.25]; 2, 25 5(3;9.5]; 2,12 =0.200
SOFA score at the first relaparotomy with VALS 210.75;3.25]; 0. 12 21[05;4];0,10 =0.696
Number of relaparotomies with VALS 61[3;125]; 1,25 3[15351,9 <0.001
WHTepBan Bpemenn Mexay penanapotomuamu ¢ BAJIC, y 56.4 [48; 64.575]; 24,128 60 [48; 66]; 43.2, 96 =0.826
[nnTensHOCTb BeLeHUS «OTKPLITOrO XMBOTa», CyT 16.58.75;32.25]; 2, 79 7135105; 1,23 <0.001

* For the PVH subgroup, in addition to Me [Q;; G,], mean, minimum, and maximum values are provided owing to the small sample size.

Table 5. Predictive model for primary fascial closure in group 2 patients

Predictor Regression coefficient, p p= OR 95% Cl for OR
SOFA score at the first relaparotomy with VALS 0310 0042 1364 1.011=1.841
Duration of open abdomen management ~0.202 0.007 0817 0.706—0.945
Constant 0.662 0305 1939 -

Note (applies to all tables): OR, odds ratio; Cl, confidence interval.
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Table é. Predictive model for IHM in group 2 patients
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Predictor Regression coefficient p OR 95% ClI for OR
Age 0.142 0.010 1.153 1.035-1.284
Length of stay -0.079 0.008 0.924 0.871-0.980
SOFA score at the first relaparotomy with VALS 0.597 0.002 1.817 1.255-2.632
Interval between relaparotomies with VALS -0.068 0.040 0.934 0.876-0.997
Constant -3.429 0.182 0.032 -

the possibility of IHM. The predictor SOFA score at the first
relaparotomy with VALS was significantly associated
with an increased probability of IHM (OR = 1.817; 95% ClI:
1.255-2.632; p = 0.002). An increase in this predictor value
increased the likelihood of IHM. The predictor interval
between relaparotomies with VALS was significantly
associated with a decreased probability of IHM (OR = 0.934;
95% Cl: 0.876-0.997; p = 0.040). An increase in this predictor
value decreased the likelihood of IHM. The AUC value was
0.943 units (95% Cl: 0.895-0.991), showing good predictive
ability of the model for IHM (Fig. 3).

The Hosmer—Lemeshow test determined that the model
demonstrated good fit with the data (y* = 3.937; p = 0.863).
The Nagelkerke R? coefficient indicated that the model
accounted for 70.4% of the variance in the dependent variable
(IHM).

During treatment, two patients developed small bowel
fistulas and one patient had an intra-abdominal abscess.

0.8

0.6

Sensitivity, arb. units.

0.4

0.2

0.0

0.0 0.2 0.4

It was found that the length of stay of the group 1 patients
in the SD was longer than that of the group 2 patients, as
patients from the ICU were transferred to other departments
after stabilization, whereas most patients in the SD,
after DAC, required further surgical procedures in other
anatomical regions. The higher frequency of PFC in group 1
was predictable and possibly due to the greater severity of
patients treated in the ICU.

The predictive model for group 2 demonstrated
the effectiveness of the predictor duration of 0A management
in determining the outcome: the longer the laparotomy wound
remained unclosed, the lower the probability of achieving
PFC. An increase in OA approach duration by 1 day decreased
the probability of PFC by 18%. This can be explained by
the progressive lateralization of fascial structures of
the unclosed laparotomy wound [6, 7]. Moreover, a consistent
difference was observed in interrelated parameters such as
the number of VALS and duration of 0A management between

0.6 0.8

Specificity, arb. units

Fig. 3. ROC curve for the predictive model of in-hospital mortality in group 2 patients.
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the subgroups in group 2 (Table 4). Notably, the length of ICU
stay in the PFC subgroup was significantly shorter.

The conclusion that an increase in the predictor SOFA score
at the first relaparotomy with VALS significantly increased
the probability of achieving PFC is difficult to interpret. This
result may be because of the small sample size of the PFC
subgroup in group 2 (n = 17). Additional studies are required to
confirm or refute this finding. The inefficacy of such a crucial
parameter as the interval between relaparotomies with VALS
as a predictor of PFC in group 2 is explained by the fact that
most patients underwent staged relaparotomies with VALS
at a similar frequency: the interquartile time intervals were
[48; 66] h (PFC) and [48; 64.5] h (PVH).

The results for group 3 are noteworthy. In these patients,
the interval between surgical interventions was significantly
shorter. A decrease in this parameter was considered
a predictor of IHM. It was noted that the group 3 patients
required shorter intervals between relaparotomies to ensure
more effective control of the peritonitis source, evacuation
of pathological abdominal effusion, and improvement of
abdominal sepsis manifestations. Nevertheless, in this group,
the severity of multiple-organ failure (Me SOFA score at
the initiation of the OA approach: 7.5 points) was the decisive
factor underlying the high IHM rate (32%).

The length of stay parameter, despite reaching statistical
significance, is not a significant predictor of IHM. Rather, it
indicates that death occurred earlier than the median ICU
stay duration. The predictive value of parameters such as
patient age and SOFA score at the first vacuum-assisted
relaparotomy was also consistent. An increase in age by
1 year increased the probability of IHM by 15%, whereas a
1-point increase in SOFA score (at the initiation of the 0A
approach) increased it by 82%. A similar result was reported
in a study by Cristaudo et al. [13], wherein the effectiveness
of patient age and the Acute Physiology and Chronic Health
Evaluation Il score was demonstrated as predictors of IHM.

The results of the present study are consistent with
international research on the use of the OA approach. Review
of the scientific data showed that the probability of achieving
PFC decreases with increasing OA approach duration and
the number of relaparotomies performed [14-16]. According
to other studies [17-19], the incidence of complications
(intra-abdominal abscesses and hollow-organ fistulas) is
directly proportional to the duration of the OA approach.
The optimal frequency of staged relaparotomies is equally
important to achieve PFC. International studies emphasized
the importance of standardizing the OA approach with
VALS, recommending a time interval of 24-72 h between
relaparotomies [2, 20], which aligns with the findings of
the present study.

Vol. 27 (3) 2025
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A limitation of the present study may be its design, as
it is cohort-based and clinical, which carries a risk of bias
due to objective or subjective factors. Additionally, it should
be noted that surgical interventions were performed by
different surgical teams, which may account for certain
variations in the technical aspects of VALS application during
the OA approach. The small sample size in certain subgroups
influenced the accuracy of the statistical methods used in
the study. Furthermore, this study analyzed the outcomes
of patients with peritonitis caused by abdominal gunshot
wounds. This does not allow extrapolation of the findings to
patients with peritonitis caused by inflammatory diseases of
the abdominal organs.

CONCLUSION

Layered abdominal closure is the final stage of effective
OA approach. Its achievement depends, among other factors,
on the appropriate choice of TAC technique. The study
results indicate that the optimal method of TAC is VALS.
Comprehensive analysis of VALS outcomes in patients with
penetrating abdominal gunshot wounds complicated by
peritonitis who were treated in the ICU revealed that patient
age and SOFA score (at the first relaparotomy with VALS) are
predictors of IHM.

It was established that decreasing the duration of the 0A
approach increases the likelihood of PGC, and this may
be considered a predictor of achieving layered abdominal
closure. It is also critical to note that ICU stay, the number
of relaparotomies, and consequently the duration of the AQ
approach were significantly decreased in patients who
achieved PFC than in those in whom fascial closure could
not be achieved.
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