Apxub BHyTpeHHei MepAnunHbl ® Ne 3 o 2026 OPUTMHAABHBIE CTATBU

(@)ev 20| [E]35: =]

DOI: 10.20514/2226-6704-2026-16-3-187-192 .
YK [616.98:578.834.1]-06:616.151.5-036-085

EDN: GGDFQO E T

N.A. AHncbko'?, N.A. Kapnos?

'— Y3 «lopogckasn KAMHUYeCKan UHPeKLMOHHan 6obHULa» . MUHCKa, MUHCK, benapych
2— YO «benopycckuii rocysapCcTBeHHbIN MeAULUHCKUIA YHUBEPCUTET», MUHCK, Benapych

HAPYHIIEHUSA CUCTEMBI TEMOCTA3A KAK ITPEAUKTOP
HEBAATOIIPUSATHOI'O UICXOAA COVID-19

L.A. Anisko"?, |.A. Karpov?

'— City Clinical Hospital of Infectious Diseases, Minsk, Belarus
2— Belarusian State Medical University, Minsk, Belarus

Disorders Of the Hemostatic System
as A Predictor of Adverse Qutcome In COVID-19

Pesiome

MHekuyma COVID-19 accouuvpoBaHa C BbICOKMM PUCKOM TPOMOBOTUYECKMX OC/TIOXKHEHWUN, OMpejensiolnx TAKECTb TeYeHUs U ucxos 3abose-
BaHWA. BbiABNeHMe K/OYEBbIX NPeAUKTOPOB He6MaronpuATHOrO MCXoAa Cpeau NapaMeTpoB CUCTEMbl FeMOCTasa OCTaeTCA Ba)KHOMN 3ajaqeit.
Llenb. OueHUTb 3HaYMMOCTb MOKasaTeNel cMCTeMbl FeMoCTasa B KayecTBe MpeAMKTOPOB HebsaronpuaTHoOro ncxoaa y naumnentos ¢ COVID-19.
Marepuansl u MeTogbl. [poBeseHO 0AHOLLEHTPOBOE PeTPOCNEKTNBHOE KOFOPTHOE MUCC/e/oBaHMe, BKoUMBLIee 9256 NaLuMeHTOB C NOATBEPX-
AeHHbIM COVID-19. B 3aBUCMMOCTU OT ucxoaa (He61aronpusTHLIN/61aronprsTHBIN) NaLyeHTbl 6blM pasgeseHbl Ha rpynnbl. Mpy NoCTynaeHUm
OLLeHMBA/INCb MOKA3aTe/M Koary/orpaMMbl (aKTMBMPOBaHHOE YaCTUYHOE TPOMGOMIATUHOBOE BPEPMs, MPOTPOMBUHOBbLIN UHAEKC, TPOMEMHOBOE
BpeMs, pubpuHoreH, D-gumep, aHTUTPOMEWMH III). CTaTUCTUYECKMIA @aHAU3 BLIMOJIHANCA C UCMO/Ib30BaHWeM U-KpuTepus MaHHa-YUTHW. s onu-
CaHWA KO/IMYECTBEHHBIX MOKa3aTenei UCNo/b30BaAuCh MeguaHa, 25-1 1 75-i npoueHTuan. PesyabTaTbl. Y MauMeHTOB C He61aronpuaTHbIM UC-
XOA0M 3apMKCUPOBAHBI CTATUCTUYECKM 3HAYMMbIE Pa3/IMuMUA MO CPABHEHMIO C BDKMBLUMMM: 3HA4YUTE/IbHOE MOBbIlWEHWEe YpoBHA D-anmepa (MeanaHa
464,5 Hr/mn [Q25-Q75: 245,0-1120,0] Hr/mn npoTus 198,0 [110,0-350,0] Hr/mn; p<0,0001) u ¢pubpuHorena (5,62 [4,70-6,80] r/n npotus 5,03
[4,30-5,90] r/n; p<0,0001), cHMM®EHUE aKTUBHOCTM aHTUTpOoM6MHa III (81,0 % [73,0-89,0] npotus 99,0 % [90,0-108,0]; p=0,0001) 1 npoTpoMEUHO-
BOro uHgekca (83,0 % [77,0-90,0] npotue 93,0 % [88,0-98,0]; p<0,0001), a TakKe yanuHeHe TpoMbuHosoro spemMenn (15,4 ¢ [14,5-16,5] npotus
14,9 c[14,2-15,8]; p=0,0001). MokazaTesib A4TB 3Hau1MO He oTAm4ancs mexay rpynnamu (p=0,95). 3akntoueHue. Y NaumeHTOB C He61aronpuATHbIM
ncxogom COVID-19 BbisiBNeHa BblpaXeHHas runepkoarynsums ¢ npyM3HakaMm Koaryaonatum notTpebeHns, XxapakTepusyoLwasncs pe3kmM nosbile-
HueM D-aumepa n ¢pubprHoreHa Ha poHe CHMKEHUA aHTUTPoM6MHa Il 1 NpoTPOMOEUHOBOrO MHAEKCa. MOHUTOPUHI 3TUX MOKasaTenei, 0CobeHHO
D-anmepa 1 aHTUTpoM6UHa lll, 061a4a€T BbICOKOM NPOrHOCTUYECKOM LIeHHOCTbIO 418 CTPaTUdUKaLMM PUCKa M CBOEBPEMEHHOI KOPPEeKLIMM Tepanuu.

Knrouesbie cnosa: COVID-19, cucmema 2eMocmasa, Koazynonamus, D-oumep, ahmumpom6uH lll, pubpuHozeH, nemanbHOCMb, NPO2HO3

KoH$AunkT nHtepecos

CoasTop ctatbu Kaprnos M.A. ABAfeTCA YN1€HOM peAaKLMOHHON KONNerun ypHana «ApxuBb BHYTPeHHel MeAuLUMHbI». CTaTba Npoluna NpUHATYIO
B XypHasie npoLeaypy peueHsnpoBaHua. Kapnos M.A. He y4yacTBOBas B MPUHATMM pelleHns o nyb6ankauum aTom ctatb. O6 MHBIX KOHPAUKTAX UHTe-
pecoB aBTOpPbl He 3aAB/IAN

McTo4HnK $puHaHcupoBaHua
ABTOpr 3aABAAIOT 06 OTCYyTCTBUU ¢I/IHaHCMpOBaHMFI npu nposejeHUn nccnefoBsaHnA

CooTBeTCcTBUE npuHUUNaM 3TUKN
MccneaoBaHe 0406peHO N0KaNbHBIMY STUYECKMM KOMUTETOM Y4peXxAeHUs 3A4paBooxpaHeHns «opoackan KAMHUYecKan MHPEKLMOHHanA 60/bHMLa»
(npoTokon N2 1071 12.02.2021). Bce nauueHTb! nognucani nHGopMUpoBaHHOe cornacue

Cratba nonyyera 19.11.2025 r.
OgobpeHa peueHseHToM 13.01.2026 T.
MpuHaTa K nybavkauum 28.01.2026 r.

[na unTupoBaHuA: Axuceko N1.A., Kapnoe M.A. HAPYLLEHMA CMCTEMbI TEMOCTA3A KAK MPEAVKTOP HEB/IATOMPUATHOTO UCXOAA
COVID-19. ApxuBb BHyTpeHHel MeaunumHbl. 2026; 16(3): 187-192. DOI: 10.20514/2226-6704-2026-16-3-187-192. EDN: GGDFQO

Abstract

COVID-19 is associated with a high risk of thrombotic complications, which determine the severity and outcome of the disease. Identifying key
predictors of adverse outcomes among hemostatic system parameters remains an important task. Aime. To assess the significance of hemostatic
system parameters as predictors of adverse outcomes in patients with COVID-19. Materials and methods. A single-center retrospective cohort study

187



188

ORIGINAL ARTICLE The Russian Archives of Internal Medicine ® Ne 3 e 2026

was conducted, including 9256 patients with confirmed COVID-19. Depending on the outcome (adverse/favorable), patients were divided into groups.
Upon admission, coagulogram parameters (APTT, prothrombin index, thrombin time, fibrinogen, D-dimer, antithrombin 1) were assessed using an
ACL TOP 750 analyzer. Statistical analysis was performed using the Mann-Whitney U test. For the description of quantitative indicators, the median,
the 25th and 75th percentiles were used. Results. Statistically significant differences were recorded in patients with adverse outcome compared
to survivors: a significant increase in D-dimer level (median 464.5 [Q25-Q75: 245.0-1120.0] ng/mL vs. 198.0 [110.0-350.0] ng/mL; p<0.0001) and
fibrinogen (5.62 [4.70-6.80] g/L vs. 5.03 [4.30-5.90] g/L; p<0.0001), a decrease in antithrombin IIl activity (81.0% [73.0-89.0] vs. 99.0 % [90.0-
108.0]; p=0.0001) and prothrombin index (83.0 % [77.0-90.0] vs. 93.0 % [88.0-98.0]; p<0.0001), as well as a prolongation of thrombin time (15.4 s
[14.5-16.5] vs. 14.9 s [14.2-15.8]; p=0.0001). The APTT parameter did not differ significantly between the groups (p=0.95). Conclusion. Patients
with adverse COVID-19 outcomes exhibited marked hypercoagulation with signs of consumption coagulopathy, characterized by a sharp increase in
D-dimer and fibrinogen against a background of decreased antithrombin Il and prothrombin index. Monitoring these parameters, especially D-dimer

and antithrombin IIl, has high prognostic value for risk stratification and timely therapy adjustment.

Key words: COVID-19, hemostatic system, coagulopathy, D-dimer, antithrombin Ill, fibrinogen, mortality, prognosis
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Introduction

Since the beginning of the COVID-19 pandemic,
compelling evidence has been gathered indicating that
SARS-CoV-2 causes not merely a respiratory infection,
but a systemic disease characterised primarily by vascu-
lar injury (vasculopathy) and thromboinflammation [1].
A key mechanism initiating these processes is the inter-
action of the viral S-protein with the angiotensin-con-
verting enzyme 2 (ACE2) receptor, which is expressed
on the surface of endothelial cells, type II pneumocytes,
enterocytes, and cells of other organs [2]. This inter-
raction triggers a cascade of reactions leading to direct
endothelial dysfunction, massive release of proinflam-
matory cytokines (the so-called “cytokine storm”), and
subsequent activation of both the plasma and cellular
components of the hemostatic system, resulting in a state
of hypercoagulability [3].

The resulting phenomenon, which is often described
as COVID-19-associated blood-clotting disorder, dif-
fers from the classic sepsis-associated DIC-syndrome
[4, 5]. Marked hypercoagulability is characteristic of
COVID-19 and, in the early phase, is manifested by a
significant increase in D-dimer and fibrinogen levels —
an acute-phase protein and substrate for blood clot for-
mation, accompanied by only mild prolongation of stan-
dard coagulation tests, such as prothrombin time (PT)
and activated partial thromboplastin time (aPTT), and

by a relatively preserved or even elevated platelet count
during the early stages of the disease [6]. This pattern
reflects intensive blood clotting, primarily in the micro-
circulatory bloodstream, associated with generalised
endothelial activation and inflammation.

Numerous prospective and retrospective studies con-
ducted in different countries confirmed that the D-dimer
level upon admission is a powerful independent prog-
nostic marker of disease severity and mortality. Tang et
al. (2020) demonstrated that in non-survivors, D-dimer
levels were significantly higher than those observed in
surviving subjects, and values > 1.0 ug/mL were associ-
ated with a high risk of mortality [7]. These data were
later confirmed by large-scale meta-analyses where
higher D-dimer levels were associated with 3-4-fold
increase in the risk of death [8, 9].

However, optimal threshold values of this marker for
risk ranking; they can vary considerably depending on
the study population, test method, and disease charac-
teristics. Moreover, the prognostic value of an isolated
measurement of D-dimer at hospital admission may be
insufficient. Researchers emphasise a set of changes in
hemostasis. Progressive thrombocytopenia during the
course of the disease is an independent adverse prognos-
tic factor, likely reflecting platelet consumption during
blood clotting formation and the severity of endothelial
injury [10].
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Evaluation of the activity of the natural anticoagu-
lant systems is of particular interest. Reduced activity
of antithrombin III, the key physiological inhibitor of
thrombin and other serine proteases, may indicate its
consumption under conditions of extensive blood clot
formation and/or impaired hepatic synthetic function,
thereby exacerbating the procoagulant shift [5]. At the
same time, higher levels of von Willebrand factor and
soluble thrombomodulin have been studied as mark-
ers of endothelial trauma and activation [11]. Another
feature of COVID-19-associated coagulopathy is the fre-
quent detection of lupus anticoagulant, which may con-
tribute to the pathophysiology, although its direct role
in thrombogenesis and its impact on clinical outcomes
require further clarification [12].

Thus, a comprehensive, multiparametric evalua-
tion of hemostatic status extending beyond the scope
of the routine coagulation profile appears to be of criti-
cal importance. Such an approach may not only enable
highly accurate prediction of adverse outcomes but also
facilitate the identification of patients who may benefit
from intensified anticoagulant therapy, which is cur-
rently the subject of ongoing clinical investigations [13].

Study objective: To perform a comprehensive analy-
sis of clinical and laboratory parameters of the hemo-
static system in patients with COVID-19 of various
severity in order to identify the independent predictors
of adverse outcomes.

Materials and Methods

A single-centre retrospective cohort study was con-
ducted. The study included 9,256 patients (3,980 men
and 5,276 women; mean age: 61 £ 16.5 years) with con-
firmed COVID-19 (based on a positive nasopharyngeal
swab PCR test) who were admitted at the Minsk City
Clinical Infectious Diseases Hospital between March
2020 and December 2023. Inclusion criteria: age 18 years
old and over; hospital admission during the study; labo-
ratory-confirmed SARS-CoV-2 infection by polymerase
chain reaction; and the availability of written informed
consent provided by the patient or their legal represen-
tative for participation in the study and the use of ano-
nymised medical data for scientific purposes, including
publication. Exclusion criteria: age below 18 years old;
congenital coagulation disorders, the use of therapeu-
tic-dose anticoagulants prior to hospitalisation; and the
absence of data on key hemostatic parameters at the time
of admission.

Subjects were divided into two groups, depending on
the outcome: the study group (patients with adverse out-
come, n = 375) and the comparison group (patients with
favourable outcome, n = 8,881). For certain laboratory
parameters, the size of the analysed subgroups varied

depending on the availability of examination data, as
reflected in the results table (Table 1).

Venous blood samples were collected upon hospital
admission before the initiation of anticoagulant therapy.
Standard hemostatic parameters were determined using
an ACL TOP 750 automated analyser (Werfen, Spain)
with HemosIL reagent kits (Werfen, Spain) in accor-
dance with the manufacturer’s instructions. The follow-
ing parameters were assessed: activated partial throm-
boplastin time (aPTT), s; antithrombin III, %; D-dimer,
ng/mL; prothrombin index (PTI), %; thrombin time, s;
and fibrinogen, g/L.

Statistical analysis was performed using R software
version 4.2.1. Quantitative variables with non-normal
distributions (assessed using the Shapiro-Wilk test)
were described using the median (Me) and the 25th and
75th percentiles (Q25-Q75). Comparisons between the
two independent groups (favourable and adverse out-
comes) were performed using the nonparametric Mann-
Whitney U test. Differences were considered statistically
significant at p < 0.05. Due to the retrospective nature
of the study and the lack of data regarding the exact
timing of events, Kaplan-Meier survival analysis was not
performed.

Results and Discussion

The comparative analysis of hemostatic parameters
between patients with adverse and favourable outcomes
revealed statistically significant differences in the major-
ity of the variables studied (see table).

The most notable differences were observed in
D-dimer levels. The median value of this marker in
patients with adverse outcome (464.5 ng/mL) was more
than two times higher than in patients with favourable
outcome (198.0 ng/mL) (p < 0.0001) (Fig.1). A sig-
nificant elevation in D-dimer levels strongly indicates
marked activation of fibrinolysis and intense blood clot
formation in patients with an unfavourable prognosis,
which is consistent with numerous studies confirming
the role of D-dimer as a key predictor of adverse out-
comes in COVID-19 patients [7-9]. However, it is worth
noting that D-dimer threshold values proposed in litera-
ture vary; and in this study, the median value in patients
with adverse outcomes was 464.5 ng/mL, which is below
the threshold value of 1000 ng/mL, but is significantly
above the levels in the comparison group, emphasis-
ing the importance of the relative elevation and follow-
up [14]. The data are consistent with the meta-analysis
results generated by Lippi G. and Favaloro E.J. (2020),
who noted that the absolute D-dimer value upon hospital
admission is a reliable marker of disease severity; how-
ever, the optimal threshold can vary depending on the
population and methods used [8]. Moreover, the find-
ings of our study, i.e., a more than twofold increase in
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the median D-dimer level in the adverse outcome group,
are quantitatively consistent with the results reported by
Tang N. et al. (2020), who observed a similar difference
between survivors and non-survivors [7].

Significantly lower antithrombin IIT activity (median
value 81.0% vs 99.0% in survivors, p = 0.0001) in
patients with adverse outcome of COVID-19 infection
points at depletion of the most important natural antico-
agulant mechanism. This reduction may result from con-
sumption during blood clot formation and/or impaired
hepatic synthetic function, thereby contributing to the
prothrombotic state (Figure 2), and is consistent with

findings from other studies describing decreased anti-
thrombin III levels as a marker of severe consumptive
coagulopathy in COVID-19 [15]. The results confirm
the findings by White D. et al. (2021), who reported sig-
nificantly lower antithrombin III activity in patients with
severe COVID-19, associated with higher consumption
during generalised coagulation activation [15]. This
represents an important distinction from classical sep-
sis-associated disseminated intravascular coagulation
(DIC), in which antithrombin III levels also decline, but
typically at later stages, whereas in COVID-19 this fea-
ture may be observed earlier in the disease course [4, 5].

Table 1. Alterations of hemostatic parameters in COVID-19 patients based on clinical outcome.

Parameter Group N Median (Q25-Q75) P

Adverse outcome 375 32.8(29.5-36.2)

APTT, sec 0.95
Favorable outcome 8881 32.2 (29.0-36.0)
Adverse outcome 38 81.0 (73.0-89.0)

Antithrombin III, % 0.0001
Favorable outcome 90 99.0 (90.0-108.0)
Adverse outcome 372 464.5 (245.0-1120.0)

D-dimer, ng/mL 0.0000
Favorable outcome 9367 198.0 (110.0-350.0)
Adverse outcome 255 83.0 (77.0-90.0)

Prothrombin Index, % 0.0000
Favorable outcome 5189 93.0 (88.0-98.0)
Adverse outcome 189 15.4 (14.5-16.5)

Thrombin Time, sec 0.0001
Favorable outcome 3214 14.9 (14.2-15.8)
Adverse outcome 364 5.62 (4.70-6.80)

Fibrinogen, g/L 0.0000
Favorable outcome 9019 5.03 (4.30-5.90)

Note: APTT — activated partial thromboplastin time; N — number of observations; Q25-Q75 — 25th and 75th percentiles (interquartile range); p — level of statistical significance

of differences between groups (Mann-Whitney test)
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Figure 1. Distribution of COVID-19 infection disease
outcomes depending on the level of D-dimers at hospital
admission

120

Antithrombin 11 (%)

Adverse outcome
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Figure 2. Distribution of COVID-19 infection outcomes
depending on antithrombin III level upon hospital
admission
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Statistically significant reduction in prothrombin
index (median value 83.0% vs 93.0%, p < 0.0001) in
patients with adverse outcome reflects impaired extrin-
sic blood coagulation, which is likely to be associated
with more marked hepatic damage or vitamin K defi-
ciency in patients with severe disease. Similar changes
were described in articles about blood-clotting disorder
in COVID-19 patients, where prolonged prothrombin
time (and lower PTI) was associated with poorer out-
comes [7]. It can be caused both by direct viral damage
to hepatic cells, expressing ACE2 receptor, and hypoxia
or use of medications in critically ill patients [2].

Fibrinogen concentration was significantly higher
in patients with adverse outcome of COVID-19 infec-
tion (median value 5.62 g/L vs 5.03 g/L, p < 0.0001).
Elevated fibrinogen levels, as an acute-phase protein,
may reflect the intensity of the systemic inflammatory
response (hypercytokinemia), which is directly associ-
ated with activation of the coagulation system [3, 11].
Although the trend toward increased fibrinogen levels in
patients with severe disease or fatal outcomes was sta-
tistically significant, it was less pronounced in our study
than that observed for D-dimer. This finding is consis-
tent with the observations of Iba T. et al. (2020), who
reported that COVID-19 is characterised by elevated or
normal fibrinogen levels even in the presence of overt
thrombosis, distinguishing it from other forms of con-
sumptive blood-clotting disorder and underscoring the
role of hyperinflammation in the pathogenesis of throm-
bosis [4]. Therefore, significantly higher, but not extreme
fibrinogen levels, in this study contributes to hyperco-
agulation and inflammation.

A slight but statistically significant prolongation of
thrombin time (median value 15.4 s vs 14.9 s, p = 0.0001)
in patients with adverse outcomes may indicate qualita-
tive alterations in fibrinogen or the presence of coagu-
lation inhibitors in the plasma, which may also reflect
severe metabolic disturbances. These slight changes in
standard global tests in marked hypercoagulability are a
characteristic feature of COVID-19-induced coagulopa-
thy [6].

In contrast, activated partial thromboplastin time
(aPTT) did not differ significantly between the groups
(p = 0.95), suggesting that the intrinsic coagulation path-
way is less involved in the pathological process or that
its alterations are compensated by other factors. This
pattern is characteristic of COVID-19-induced coagu-
lopathy and distinguishes it from classical disseminated
intravascular coagulation (DIC) [4, 6]. These findings are
fully consistent with the international guidelines devel-
oped by ISTH (Thachil J. et al., 2020), where it is empha-
sised that normal or slightly altered aPTT values in the
presence of elevated D-dimer and fibrinogen levels is a
typical laboratory finding in COVID-19 and should alert
clinicians to the risk of thrombosis [6].

Therefore, the combination of the observed altera-
tions (marked elevation of D-dimer, moderate increase
in fibrinogen levels, reduced antithrombin III activity
and PTI, together with unchanged aPTT) constitutes a
laboratory profile characteristic of COVID-19-induced
coagulopathy, with features of consumptive coagulopa-
thy in the setting of pronounced hypercoagulability and
inflammation. This profile is qualitatively consistent with
the findings reported in most contemporary studies [4,
5, 6, 15], while the quantitative values obtained in the
present study cohort further expand the existing body of
evidence by providing a more detailed characterisation
of these parameter changes in this patient population.

Conclusion

Patients with adverse outcomes of COVID-19 infec-
tion demonstrate marked hypercoagulation, charac-
terised by significantly higher D-dimer and fibrino-
gen levels, as well as depleted anticoagulant potential
(reduced antithrombin IIT concentration) and impaired
procoagulant synthesis by the liver (reduced PTT). These
changes give rise to a pattern of COVID-19-induced
coagulopathy characterised by features of both a pro-
coagulant shift and consumption of coagulation factors.
Monitoring of these parameters, especially of D-dimer
and antithrombin III levels, has high predictive value for
timely therapy adjustment and improvement of disease
outcomes.
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