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Summary.

Acute adhesive intestinal obstruction (AA10) represents one of the most challenging conditions in abdominal surgery and is
characterised by high complication and mortality rates.

Objective. To examine the interrelationships among proinflammatory mediators, haemostasis system parameters, and
fibrinolysis markers in acute adhesive intestinal obstruction.

Materials and Methods. Correlations between proinflammatory cytokines (IFN-y, TNF-a, IL-6), haemostatic parameters
(prothrombin time [PT], international normalised ratio [INR], activated partial thromboplastin time [APTT], fibrinogen), and
fibrinolysis markers (tissue plasminogen activator [tPA], plasminogen activator inhibitor-1 [PAI-1]) were analysed in 91 patients
with AAIO, subdivided into uncomplicated and complicated forms, and compared with 20 healthy controls. Immunobiochemical
markers were determined by enzyme-linked immunosorbent assay (ELISA). Written informed consent was obtained from all
participants prior to enrolment. All procedures were approved by the Ethics Committee of the Institute and were conducted in
accordance with the principles of the Declaration of Helsinki, as revised at the 75th General Assembly of the World Medical
Association in October 2024. Statistical analysis was performed using SPSS version 26.0. Quantitative data are presented as the
arithmetic mean (M) + standard deviation (SD) or standard error of the mean (m), as appropriate. The normality of distribution
was assessed prior to analysis. Intergroup comparisons were conducted using Student s t-test for normally distributed variables
and the Mann—Whitney U-test for non-parametric data. A p-value of less than 0.05 was considered statistically significant. study
was conducted as part of the research plan of the Bukhara State Medical Institute (05.2022 DSc.135), entitled « Development of
New Approaches to Early Diagnosis, Treatment, and Prevention of Pathological Conditions Affecting the Health of the Population
of the Bukhara Region after COVID-19 (2022-2026)».

Results. Two distinct immune-coagulative phenotypes were identified. IFN-y correlated positively with INR (r = 0.41) and
tPA (r = 0.50), and negatively with fibrinogen (r = —0.36) and PAI-1 (r = —0.50), reflecting enhanced fibrinolysis and reduced
coagulation potential. Unlike IFN-y, TNF-a and IL-6 were associated with elevated fibrinogen and PAI-1 levels, prolonged APTT,
and decreased INR and tPA, indicative of hypercoagulability, suppressed fibrinolysis, and endothelial dysfunction.

Conclusion. These alterations were most pronounced in the complicated subgroup, suggesting an elevated risk of thrombotic
events and ischemic intestinal damage. The findings demonstrate the prognostic value of monitoring coagulation and fibrinolysis
markers in AAIO and support their use for early detection of complications and personalisation of antithrombotic strategies.

Keywords: Adhesive Intestinal Obstruction; Fibrinolysis; Tissue Plasminogen Activator, Plasminogen Activator Inhibitor I;
Haemostasis; Blood Coagulation; Postoperative Complications; Intestinal Ischaemia; Biomarkers; Immunobiochemistry.

Introduction

Acute adhesive intestinal obstruction (AAIO) remains
one of the pressing problems in abdominal surgery and
is characterized by high complication and mortality
rates, particularly in cases of delayed diagnosis and
treatment [1-5]. The development of the pathological
process in AAIO is associated not only with mechanical
compression of the intestine, but also with severe
disturbances in systemic and local homeostasis, including
activation of inflammation, coagulation shifts, ischaemia-
reperfusion syndrome. Despite the substantial body of
clinical research, the pathogenetic mechanisms of AAIO,
particularly at the level of immunobiochemical markers,
have not been fully elucidated [6, 7].

Current evidence indicate an important role of the
immune system and growth factors in the pathogenesis
of AAIOQ. Alterations in proinflammatory cytokine levels,
chemokines, angiogenesis factors, and components of
the haemostasis system have been identified, reflecting
complex molecular interactions that determine the body’s
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response to adhesive and ischaemic aggression [8, 9]. The
available data remain fragmented, and generalised models
accounting for the severity of the process are still under
development [10, 11].

The haemostasis system plays a central role in the
pathogenesis of acute intestinal obstruction, particularly
in its adhesive form, when ischemic tissue damage is
superimposed on mechanical disturbances of intestinal
patency. These processes are accompanied by activation of
the coagulation and anticoagulation pathways, which may
result in hypercoagulability syndrome and an increased
risk of disseminated intravascular coagulation (DIC).
Coagulogram parameters and fibrinolytic activity serve as
indicators of the severity of the pathological process and
the development of complications, including ischaemia and
necrosis of the intestinal wall [12, 13].

Despite established knowledge of pathophysiological
mechanisms involved, data on the differentiated state of
the haemostasis system in uncomplicated and complicated
forms of AAIO remain limited [14]. A more detailed
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examination of these parameters in relation to the clinical
course of the disease may contribute to more accurate early
detection of complications and to the selection of optimal
surgical and intensive care management strategies.

Objective of the study. To examine the interaction
among the proinflammatory mediators, haemostasis system
and fibrinolysis markers in acute adhesive intestinal
obstruction

Materials and methods of the study

Patients with AAIO were enrolled as the study group (n=
91) and subsequently divided into two subgroups: Group
1 comprised patients with uncomplicated AAIO (n = 35),
and Group 2 comprised patients with complicated AAIO
(n=11), all of whom received inpatient surgical treatment
at the clinic of Tashkent State Medical University between
2019 and 2024. The control group consisted of healthy age-
matched individuals (n = 20). The exclusion criteria were
hepatic disease, renal disease, malignant neoplasms, and
mental disorders. Immunobiochemical markers (tPA, PAI-1,
IFN-y, TNF-q, IL-6) were determined by enzyme-linked
immunosorbent assay (ELISA; Elisa Kids, RF).

Statistical analysis was performed using SPSS version
26.0. Quantitative data are presented as the arithmetic mean
(M) + standard deviation (SD) or standard error of the
mean (m), as appropriate. The normality of distribution was
assessed prior to analysis. Intergroup comparisons were
conducted using Student’s t-test for normally distributed
variables and the Mann—Whitney U-test for non-parametric
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data. A p-value of less than 0.05 was considered statistically
significant.

Written informed consent was obtained from all
participants prior to enrolment. All procedures were
approved by the Ethics Committee of the Institute and
were conducted in accordance with the principles of the
Declaration of Helsinki, as revised at the 75th General
Assembly of the World Medical Association in October
2024.

This study was conducted as part of the research plan
of the Bukhara State Medical Institute (05.2022 DSc.135),
entitled «Development of New Approaches to Early
Diagnosis, Treatment, and Prevention of Pathological
Conditions Affecting the Health of the Population of the
Bukhara Region after COVID-19 (2022-2026)».

Research results and discussion.

Analysis of haemostasis system parameters in patients
with acute adhesive intestinal obstruction (AAIO) revealed
statistically significant deviations from control values,
reflecting the activation of the coagulation cascade in the
setting of inflammatory-hypoxic changes in the abdominal
cavity.

In patients of Group 1, prothrombin (PT) was
9.23 + 0.25 s, exceeding the control value (8.07 = 0.18
s) by a factor of 1.14. In Group 2 (complicated course),
PT reached 9.31 +0.29 s, representing a 1.15-fold increase
relative to the control. Prolongation of the PT indicates
inhibition of the extrinsic coagulation pathway, attributable
to the consumption of factors II, V, VII and X in the setting
of systemic inflammation and endothelial dysfunction.
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Fig. 1. Indicators of the coagulation system in the examined subjects.

The prothrombin index (PTI) in the control group
was 66.4 £ 2.1%, whereas in Group 1 it was 88.9 + 2.4%
(a 1.34-fold increase) and in Group 2 it was 89.7 £ 2.7%
(a 1.35-fold increase). The elevation of PTI reflects
compensatory activity of the coagulation system directed
at maintaining haemostasis under conditions of intestinal
ischaemia and tissue distress.

The mean INR value in the control group was
0.81 + 0.03, with an increase to 0.94 = 0.05 in Group
1 (a 1.16-fold increase) and to 0.88 + 0.04 in Group 2
(a 1.09-fold increase relative to the control). Elevation of
INR is indicative of a relative deficiency of coagulation

factors during activation of the coagulation cascade and
serves as an indirect marker of a hypercoagulability shift.

APTT in the control group was 27.3 + 0.6 s, compared
with 28.7 £ 0.7 s in subgroup 1 (a 1.05-fold increase)
and 29.5 + 0.9 s in subgroup 2 (a 1.08-fold increase).
Prolongation of APTT indicates activation of the intrinsic
coagulation pathway, attributable to the release of tissue
factors and cytokines and to activation of factor XII in
response to inflammation and peritoneal irritation.

The fibrinogen level in the control group was
2.06 + 0.12 g/1, rising to 2.29 £+ 0.14 g/l in subgroup 1
(a 1.11-fold increase) and to 2.41 = 0.17 g/l in subgroup 2
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(a 1.17-fold increase) (Fig. 1). Elevation of fibrinogen, an
acute-phase protein, confirms the presence of a systemic
inflammatory response, increased hepatic synthesis under
the influence of IL-6, and activation of the hepatic acute-
phase response.

Tissue plasminogen activator (tPA) is a serine protease
produced by endothelial cells that plays a central role
in the initiation of fibrinolysis. It converts plasminogen
to plasmin, thereby promoting fibrin degradation and
thrombus dissolution [15]. Under physiological conditions,
tPA maintains the balance between coagulation and
fibrinolysis, preventing excessive thrombosis. In AAIO,
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tPA is regarded as a sensitive marker of endothelial
function and fibrinolytic system activity, as intestinal
ischaemia, systemic inflammation, and microvascular
thrombosis directly affect the vascular endothelium and
disrupt the hemostatic balance.

In patients without complications (Group 1), the
tPA level decreased to 6.87 + 0.29 ng/ml, representing
a 1.43-fold reduction relative to the control group
(9.83 £ 0.34 ng/ml). In patients with complicated course
of AAIO (Group 2), tPA decreased markedly, to 4.72 +£0.21
ng/ml, corresponding to a 2.08-fold reduction relative to
the reference range (Fig. 2).
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Fig. 2. Levels of tissue plasminogen activator in subjects (ng/ml)

A decrease in tPA concentration reflects functional inhibition
of the fibrinolytic system. This process may be attributed to the
following mechanisms: damage to the vascular endothelium
resulting from ischaemia, leading to reduced tPA production;
activation of the hypercoagulation cascade, accompanied
by consumption of fibrinolytic system components; and
development of an imbalance between coagulation and
fibrinolysis, which promotes microthrombosis in the intestinal
wall and progression to a complicated disease course.

Plasminogen activator inhibitor-1 (PAI-1) is a key
component of the fibrinolysis system and the principal
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inhibitor of both tissue plasminogen activator (tPA) and
urokinase plasminogen activator (uPA) [16]. Elevated PAI-1
levels suppress fibrinolysis, promote fibrin deposition, and
facilitate the formation of fibrous adhesions, which is of
particular significance in the pathogenesis of adhesive
intestinal obstruction. Given that AAIO is accompanied
by a pronounced inflammatory response and impaired
microcirculation, PAI-1 levels may be used to assess the
degree of activation of pro-adhesive and pro-thrombotic
mechanisms and serve as a prognostic marker for the risk
of complicated disease.

g
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Fig. 3. Plasminogen activator inhibitor-1 levels in subjects (ng/ml)
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In the control group, the PAI-1 level was 32.7 + 2.1
ng/ml, corresponding to physiological parameters. In
Group 1, PAI-1 was significantly elevated at 88.1 + 5.6
ng/ml, exceeding the control value by a factor of 2.7
(p <0.01). In Group 2, PAI-1 reached 102.3 + 7.8 ng/ml,
exceeding the control value by a factor of 3.1 (p <0.01) and
the Group 1 values by a factor of 1.2 (Fig. 3). This pattern
indicates progressive suppression of fibrinolytic activity
with worsening clinical presentation. The elevation of
PAI-1 concentration in AAIO is attributable to a systemic
inflammatory response, activation endothelial cells

and macrophages, and production of proinflammatory
cytokines —including IL-6 and TFN-a — which stimulate
PAI-1lexpression. Under conditions of intestinal wall
ischaemia and blood stagnation, additional activation of the
coagulation system and suppression of fibrinolysis occurs,
resulting in excessive fibrin formation in the abdominal
cavity. In patients with complicated AAIO, including
those with perforation, peritonitis, or intestinal necrosis,
markedly greater PAI-1 hyperproduction is observed,
which correlates with the severity of inflammation and the
severity of microcirculatory disturbance.
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Fig. 4. Correlation relationships between cytokine levels and components of the haemostasis
system (P<0.05).

Correlation analysis demonstrated a moderate positive
correlation between IFN-y and INR (r = 0.41) and tPA
(r = 0.50), whereas negative correlation with fibrinogen
concentration (r =—0.36) and PAI-1 level (r =-0.50) was.

Correlation analysis showed that IFNy has a moderate
positive correlation with the INR level (r = 0.41) and tPA
(r = 0.50), whereas negative correlations were identified
with fibrinogen concentration (r =—0.36) and PAI-1 level
(r =—-0.50). These findings suggest that IFN-y, as a Thl
response cytokine, may promote endothelial expression of
tPA, thereby enhancing fibrinolysis. Concurrently, it exerts
a weak inhibitory effect on the production of fibrinogen,
an important coagulation substrate, and reduces PAI-1.
These associations may be interpreted as a manifestation
of compensatory hypofibrinogenaemia and a tendency
towards increased fibrinolytic activity in the setting of
inflammation.

Elevation of PAI-1, the principal inhibitor of the
plasminogen-activating system, suppresses tPA activity,
reduces the efficiency of fibrin dissolution, and predisposes
to thrombosis. The negative association with INR confirms
increased prothrombotic activity.

A similar pattern of associations was identified for
TNF-a: negative correlations with INR (r =—-0.63) and tPA
(r=-0.72), and positive correlations with fibrinogen (r =
0.55), PAI-1 (r=0.77) and APTT (r=0.35) (Fig. 4). These
results indicate the involvement of TNF-a in activation
of the coagulation cascade and reduction of fibrinolytic
activity, consistent with its established capacity to induce
tissue factor expression and increase hepatic synthesis of
acute-phase proteins, including fibrinogen. The positive

association with APTT, despite the classical interpretation
of this parameter as reflecting anticoagulant activity, may
be attributable to non-specific factors such as consumption
of coagulation factors in the microvascular bed.

IL-6 demonstrated similar, albeit less pronounced
correlations: negative with INR (r = —0.58) and tPA
(r=-0.58), and positive with PAI-1 (r = 0.63), fibrinogen
(r=0.49), and APTT (r = 0.33). As a universal mediator
of the acute-phase inflammatory response, IL-6 stimulates
fibrinogen production and may contribute to the imbalance
between coagulation and fibrinolysis. These correlations
confirm its role in potentiating the hypercoagulable state
in complicated AAIO, particularly in the presence of
a pronounced systemic inflammatory response.

The aggregate data indicate the presence of
a subcompensated hypercoagulable state, most pronounced
in patients with a complicated course of AAIO. The
observed parameter dynamics reflect involvement of both
extrinsic and intrinsic haemostasis pathways. Elevation of
fibrinogen and PTI, together with prolongation of PT and
APTT, indicate systemic activation of blood coagulation
driven by tissue hypoxia, endothelial dysfunction, elevated
proinflammatory cytokine levels, and release of tissue
thromboplastin from necrotic intestinal segments [17].
These changes create conditions conducive to thrombosis
and necessitate careful monitoring of the haemostasis
system throughout the perioperative period. In patients with
acute intestinal obstruction, particularly in the presence of
complications, marked suppression of fibrinolytic activity
is observed, which increases the risk of thrombosis, impairs
blood rheology in the ischemic zone, and contributes to
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further progression of tissue hypoxia [18]. PAI-1 may
be regarded not only as a marker of disease severity but
also as a potential therapeutic target in the prevention of
postoperative adhesions and recurrent obstruction.

Conclusion.

Analysis of the associations between
proinflammatory cytokines and components of the
haemostasis system indicates the existence of two
functional regulatory axes: (1) IFN-y-mediated
enhancement of fibrinolysis and reduction of
fibrinogen, and (2) TNF-o/IL-6-mediated potentiation
of coagulation and suppression of fibrinolytic activity.
These differences may account for the variability of
the clinical presentation in patients with complicated
AAIO, particularly the predisposition to thrombotic or
hemorrhagic complications, and may potentially serve
as targets for personalised anticoagulant therapy.

Prospects for Further Research

Further studies should focus on expanding the sample
size and conducting multicentre investigations to validate
the identified immune-coagulative phenotypes in AAIO.
Particular attention should be directed to dynamic
monitoring of cytokine—haemostasis interactions in the
perioperative period to determine their predictive value for
thrombotic and ischaemic complications. The development
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IMYHOBIOXIMIYHI OCOBJIMBOCTI TOCTPOi CHAMKOBOI KMIIKOBOi HEITPOXIJTHOCTI

B. Xamoamoé', C. Cagpapoé', H. @aiizynnacea®, Y. Hacpimoinos', C. /Jasramos'

Byxapcbkuii gep:xaBuuii MequuHuii incTutyT iMmeHi A6y Adi iou Cino'
(m. Byxapa, ¥Y30ekucran),
IncTuTyT iMyHousorii Ta reHoMiku Joanan Axkanemii Hayk Pecny6iku Y3oekucran?
(M. TamkeHT, Y30eKHCTaH)

Pesiome.

Toctpa crnaiikoBa kunikosa HerpoxinHicts ('CKH) € oquum i3 HalicknaAHIIINX CTaHIB y aOgoMiHaNbHIN Xipyprii, 1110 XapakTe-
PH3YETBCS BUCOKOIO YAaCTOTOIO YCKJIAIHEHb Ta JIETAIBHOCTI.

Meta. BuBunTH B3a€MOJi0 Mpo3analibHUX MEiaTopiB, CHCTEMU reMocTa3y Ta MapkepiB GpiOpuHOMIi3y mpu rocTpiil craiikoBii
KHILIKOBIH HEPOXiAHOCTI.

Marepiaan Ta MeTonu. Y JOCIIIKSHHI IPOaHali30BaHO KOPEISLilHI 3B’5I3KM MK piBHAMH npo3ananbHux nuTokiHiB (IFNy,
TNFa, IL-6), napamerpamu remoctasy (PT, INR, APTT, pi6bpunoren) ta mapkepamu ¢ibpunomnisy (tPA, PAI-1) y 91 nanienra 3 'CKH,
SIKUX MO/IJICHO Ha MIArPYIH 3 yCKJIaAHCHNM Ta HEYCKIIQJHEHUM epebiroM, a Takoxx y 20 310poBux 0cid (KOHTpoJIb). IMyHO-6i0xiMiuHi
MOKa3HUKK Bu3Havanu 3a gornomoroio ELISA. Vei nauientu mignucany inhopMoBaHy 3rofly Ha ydacts y ociimkenHi. [Iporokonu
JociipkeHHs Oynu cxBaneHi ETnunnm komiterom [HCTUTYTYTa BiAmnoBiganu npuHImnam [enbCiHChKOT AeKapallii, yXBajJeHol y )KOBTHI
2024 poxy Ha 75-ii ['eHepanbHiii acambnel BeecBiTHROT MeanuHOi aconianii. OOpoOKy OTpHMaHUX AaHUX TPOBOIMIN 3 BUKOPHCTAHHSIM
nporpamHoro 3abe3nedents SPSS Bepcii 26.0. Pesynsratu npeacraBieHo y BUDISLL cepeanboro apupmernanoro (M) + ctanaapTHOrO
BigxuieHHs (SD) a6o crangaptHol moxubku cepeauboro (m). {ist OLiHKH BipOTiAHOCTI MDKIPYIIOBHX BiJIMiHHOCTEH 3aCTOCOBYBAIIU
napameTpuuHuii kputepiit CteionenTa Ta Henapamerpuunuii U-kputepiii ManHa—YiTHI 3aJ1€XKHO BiJl XapakTepy pO3MOAiLY AaHHX.
PiBeHb CTaTHCTUYHOT 3HAYY[OCTI BeTaHoBoBaH ipu p < 0,05. Po6oTa BukoHaHa B paMKax HayKOBO-4OCIiAHOTO 1aHy byxapchkoro
JepaBHOro MeaquaHoro iHcTuTyTy (05.2022 DSc.135) «Po3poOka HOBUX MiAXOAIB 10 PAHHBOT TiarHOCTUKH, JIIKYBaHHS Ta NPOQITaKTHKH
MaTOJIOTIYHUX CTaHiB, L0 BIUIMBAIOTH Ha 310pOB’sl HaceneHHs1 byxapcbkoi obnacri miciast COVID-19 (2022-2026)».

Pesyabrarn. BusiBieHo /iBa pi3Hux iMmyHo-koaryssiuiinux ¢exorumu. IFNy nosutusno kopentoBas 3 INR (r=0,41) ta tPA (r=0,50),
i HeratuBHo 3 ¢pibpunorenom (r =—-0,36) i PAI-1 (r =-0,50), 1110 cBiguuTh Npo akTUBALiO (HiOPUHOIIZY Ta SHIKCHHS KOary/siiiiHoro
noteHuiany. Haromicts TNFa ta IL-6 acouiroBasucs 3 miaBuiieHHsM piBHs ¢ibpunoreny ta PAI-1, nogosxenusm APTT, 3HmkeHHAM
INR i tPA — 110 BKa3ye Ha rinepkoaryssiliiiHui cTaH, IpUrHideHHs GiOpHHOMIZY Ta eHAOTENiabHY AUCPYHKILIIO.

BucHoBok. Taki 3MiHu Oysy HaHOLIBII BUPaXKEH] y TPyIIi 3 YCKJIaMHEHUM IepediroM, 10 CBIAYUTh PO BUCOKUHA PU3UK TPOMOO-
THUYHUX MOJiH Ta IMIEeMiYHOTO YIIKO/KEHHS KUIICYHHUKA. 3arajoM IOCHiHKeHHS MiJKPECIIIOE MPOrHOCTUYHY LIHHICTh MOHITOPHHTY
MapkepiB remocrasy ta ¢idopunomnizy npu I'CKH i 00rpyHTOBYE X 3aCTOCYBaHHSI AJIsi PAHHBOT'O BHUSIBICHHS yCKJIaHEHb Ta [IEPCOHAI-
3amii aHTUTPOMOOTHYHOT Teparii.

Karo4oBi ciioBa: cnaiikopa kumkopa Henpoxignicts; ¢pibpunomis; tPA; PAI-1; remocTas; Koaryisiiis; yckIaJHeHH; ileMis
KHUIICYHUKA; OioMapKepH; iMyHO-0i0XiMist.
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