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COVID-19 is a systemic disease that affects various body systems, including the auditory system and the hemostatic
system. Changes in platelet-vascular, coagulation, and fibrinolytic components of hemostasis were studied in 32 patients with
sensorineural hearing impairments who had recovered from COVID-19 and 20 healthy individuals with normal hearing.
Normalization of fibrinogen and ecarin time was established. An increase in soluble fibrin concentration was detected against the
background of decreased D-dimer levels. This indicates the activation of the blood coagulation system and the inability of
fibrinolysis to hydrolyze fibrin clots, which is indirectly confirmed by increased levels of RFMC. A decrease in protein C content
was established, indicating intravascular thrombin generation, as a result of which there is an increase in prothrombin-1 and soluble
fibrin concentration. Prolongation of activated partial thromboplastin time and prothrombin time against the background of changes
in the aforementioned parameters is a manifestation of chronic consumptive coagulopathy. The absence of normalization of
hemostasis parameters in patients who have recovered from COVID-19 is an unfavorable prognostic sign.

Key words: COVID-19, post-COVID syndrome, sensorineural hearing loss, hemostasis, soluble fibrin, chronic
coagulopathy.

HIupmoBcbka T.A., Besera M.1., Bypaaka 10.b., Bopomuiosa H.M., BeproBka C.B.

OIIHKA CTAHY CUCTEMMU 3CIJAHHSA KPOBI Y TAIIEHTIB I3
CEHCOHEBPAJIbHUMMU INIOPYINEHHAMMU CJIYXY, SAKI IIEPEXBOPLJIM HA COVID-19

COVID-19 € cucTeMHUM 3aXBOPIOBAHHSM, IIPH SIKOMY YPa)KalOThCA Pi3HI CHCTEMH OpraHi3My, 30KpeMa CIIyXoBa i CHCTeMa
reMocTasy. byno qociikeHo 3MiHU OKa3HUKIB TPOMOOIIMTAPHO-CYAMHHOT, KOaryJsiiiiHoi Ta GpiOpHHONITHIHOT TAHOK TeMOoCTa3y
y 32 naui€eHTIiB 3 CEHCOHEBPAJIILHUMH NOPYLICHHSIMH CITyXy, siki mepexBopian Ha COVID-19 ta 20 310poBUX HOPMAaJIbHOUYIOUUX
oci6. BcranoBnena Hopmamizamis ¢iOpHHOTEHY Ta €KaMyJiHOBOTO 4acy. BHsBIEHO MigBHINEHHS KOHICHTpAIil PO3YHHHOTO
¢ibpuny Ha i 3HWKeHHs J[-mumepy. Lle cBimuMTh PO aKTUBALIIO CHCTEMH 3CiZaHHS KPOBI Ta HE 3AaTHICTh (GiOPHHOITIZY
rigponizyBatu (iOpPHUHOBI 3TYCTKM Ha LIO ONOCEPEIKOBAHO MiATBepKy€e miaBUIIeHHs piBHA POMK. BcraHOBIEHO 3HMKEHHS
BMicTy mporeiny C, 1o Bka3dye Ha BHYTPIIIHBOCYIMHHY TeHepamito TpoMOiHy. BHacmigok Hagmpomykimii skoro BigOyBaeThCs
migBUIICHHS — nperpoMbiny-1 ¥ koHueHTpauii  poszumHHOro  (GiOpuHy. IIOOOBKEHHS  aKTHBOBAHOTO  YacTKOBOTO
TPOMOOILITACTHHOBOTO Yacy Ta IPOTPOMOIHOBOIO Yacy Ha Tili 3MiH BHIIIEBKa3aHUX OKa3HUKIB, € TPOSBOM XPOHIYHOI KOAryJomnarii
CHOXXKUBaHHA. BincyTHICTh HOpMaii3alii MOKa3HUKIB TeMOCTa3y y Hali€HTiB, ski nepexBopini Ha COVID-19 € HecnpusaTnBoo
HPOTHOCTHYHOIO 03HAKOIO.

Kurouosi cioBa: COVID-19, nocTKOBiIHUI CHHIPOM, CEHCOHEBpaJIbHA MPUITYXYBaTiCTh, FTEMOCTa3, pO34MHHUN (GiOpHH,
XpOHIYHA KOATyJIOIaTis.

Funding. The work is a fragment of the research project “Comprehensive clinical and instrumental characteristics of the
state of sensory systems — auditory, olfactory and vestibular systems, as well as extraaural manifestations in COVID-19", state
registration No. 0121U113546.

COVID-19 is a systemic disease because, in sensory system impairments in COVID-19, in
addition to the respiratory system, it can also affect particular the auditory system. Moreover, the
other body systems, including the cardiovascular, reduction of auditory function, subjective ear noise,
nervous, hematopoietic, gastrointestinal, immune, and the feeling of ear fullness may be caused by both
and others [5, 6]. There are reports in the literature of
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conductive and perceptive disorders in the auditory
analyzer [9].

It is known that the course of COVID-19 is
accompanied by patients' predisposition to
thrombotic and thrombophilic complications, which
are based on inflammation, activation of endothelial
dysfunction, platelets, impaired functioning of the
fibrinolysis system, and so on. Particularly severe
conditions are associated with the development of
disseminated intravascular coagulation, deep vein
thrombosis, pulmonary artery embolism, and other
coagulopathies. COVID-19-associated coagulopathy
causes damage to various organs and can lead to
multiple organ failure and death [2].

One of the features of COVID-19 is the
development of post-COVID syndrome, in which
disruptions occur in many body systems, including
the hemostasis system. The duration of this
pathological condition and the methods for
identifying risk factors for complications currently
require detailed study. Since the mechanisms of
inflammation regulation and the hemostasis system
are closely connected, identifying markers of the risk
of intravascular thrombosis makes it possible to
prevent thrombotic complications [1].

Sensorineural hearing impairments remain one
of the pressing issues in otolaryngology.
Sensorineural hearing loss (SNHL) is a multi-
etiological disease, with the infectious factor playing
a significant role in its occurrence and progression
[3].

The purpose of the study was to investigate
changes in the platelet-vascular, coagulation, and
fibrinolytic components of hemostasis in patients
with sensorineural hearing impairments who had
recovered from COVID-19.

Materials and methods.
conducted at the State Institution "Institute of
Otolaryngology =~ named  after  Prof. O.L
Kolomiychenko of the National Academy of Medical
Sciences of Ukraine" from July 2021 to November
2025.

Thirty-two patients with perceptual hearing
impairments who had recovered from COVID-19
were examined. All patients were informed and
provided written consent to participate in the research
process in accordance with the World Medical
Association's Code of Ethics, the WMA Declaration
of Helsinki. At the time of blood collection, the
patients had recovered from COVID-19, were
seropositive, and did not have the pathogen in their
blood according to PCR data. The control group
included 20 healthy persons with normal hearing.

The object of the study was citrated blood
plasma obtained by a standard method. The
concentration of fibrinogen was determined using a
spectrophotometric method with a thrombin-like
enzyme. Activated partial thromboplastin time
(APTT) was determined by the clotting time of blood
plasma with standard contact phospholipid activation

The study was
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in the presence of calcium ions (test system "Renam-
U", Ukraine). Prothrombin time (PT) was determined
by initiating the polymerization of the plasma sample
under study with an excess of tissue thromboplastin
and calcium ions (test system "Siemens", USA). The
overall level of prothrombin was assessed by
ecamulin time (ET). Ecamulin is an enzyme that
activates prothrombin, derived from the venom of the
many-scaled viper (Echis multisquamatus), which
activates both prothrombin and its functionally
inactive forms, including prethrombin-1 (Pre-1). The
method for determining the concentration of Pre-1 is
based on the ratio between the coagulation time
initiated by a non-physiological prothrombin
activator and the coagulation time initiated by
thromboplastin.  Thus, a  non-physiological
prothrombin activator (Ecamulin) activates both
intact prothrombin and its functionally inactive
forms. Thromboplastin, which is used in the
prothrombin time test, triggers the blood clotting
cascade through the extrinsic pathway, which
activates only intact prothrombin. The calculation of
Pre-1 concentration was carried out using the formula
obtained from the calibration curve (1),

EI/PI—0.9919
¢ = /P09 0.1,
0.141

(M

where C is the concentration of Pre-1, pug/mL;
EI is the ecamulin index (the ratio of blood plasma
clotting time of donors and patients, corresponding to
the overall prothrombin level in blood plasma); PI is
the prothrombin index (the ratio of blood plasma
clotting time of donors and patients, corresponding to
the level of intact prothrombin in blood plasma).

The content of protein C was determined by
cleavage of the chromogenic substrate S2366 using
protein C activator (Siemens test system, USA). The
concentration of soluble fibrin (SF) was determined
by the solid-phase enzyme immunoassay method
using a monoclonal 'catch' antibody specific to desAB
fibrin (I-3C) and a monoclonal 'tag' antibody specific
to fibrinogen and its derivatives (II-4d). The D-dimer
concentration was determined by a solid-phase
enzyme immunoassay using a monoclonal 'catch'
antibody specific to D-dimer (I1I-3B) and a
monoclonal 'tag’ antibody specific to fibrinogen and
its derivatives (II-4d). The determination of soluble
fibrin-monomer complexes (SFMC) was carried out
using the semi-quantitative Belitzer-Varetska
method. The absence of visible cloudiness was
assessed as a negative result, transparent cloudiness
as positive (+), corresponding to a content of 0.03 g/I,
flake-like sediment (++) — 0.06 g/l, formation of
flake-like and filamentous structures — (+++) — 0.09
g/l, gel-like sediment — (++++) — 0.12 g/l. The
statistical processing of the results was carried out
using the software package for statistical processing
of biometric data WinPEPI. To assess the difference
between patients and the control group, Student's t-
test was used. Differences between groups were
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considered significant if the level of statistical
significance p < 0.05 was reached.

Results of the study. It is known that fibrinogen
belongs to the acute-phase proteins, which are mainly
synthesized in the liver, but are also contained in the
alpha granules of platelets, from which they are
secreted upon platelet activation. This explains the
diverse role of this protein in the process of
maintaining homeostasis. In particular, during

inflammation, the role of fibrinogen is primarily due
to reducing the risk of process generalization and
protecting the body. Therefore, in patients with
COVID-19, it is recommended to determine the
concentration of fibrinogen. As a result of our studies,
it was established that the level of fibrinogen in the
blood plasma of patients with SNHL who had
recovered from COVID-19 had returned to the levels

of the control group (Table 1).
Table 1

Coagulation system indicators in the blood plasma of patients with SNHL
who have recovered from COVID-19

Groups of the examined
Indicators Practically healthy individuals Patients W“};riiHcLoz}I‘g_hlagv e recovered

Fibrinogen, g/L 2.30+0.20 2.00+0.10
APTT, sec. 43.20+1.10 70.90+3.10*
Prothrombin time, sec. 14.00+1.00 29.80+1.20*
Ekamuline time, sec. 119.3042 .20 121.30+9.70
Prothrombin-1, pg/mL 0.20+0.10 3.90+0.80*
Protein C, % 115.00+4.50 58.90+6.50*
D-dimer, ng/mL 70.00+6.30 54.20+6.32
Soluble fibrin, pg/ml 2.90+0.25 16.85+2.42*
SFMC, s.unit. 0 23.80+6.80*

Note: * — statistically significant difference between the group of practically healthy individuals and the corresponding indicators

of patient groups (p<0.05 — p<0.001).

Activated partial thromboplastin time is an
informative screening test that reflects changes in the
activity of the intrinsic pathway coagulation factors
and disturbances in the balance between the
procoagulant and anticoagulant components of the
hemostasis system. In the blood plasma of patients
with SNHL who had recovered from COVID-19, a
significant prolongation of APTT by 1.6 times was
found compared to the control group. This may be
related to a deficiency of high molecular weight
kininogen, prekallikrein, blood clotting factors XII,
X1, VIII, X, as well as fibrinogen/fibrin degradation
products.

The determination of prothrombin time 1is
necessary to assess the presence of a deficiency of the
factors of the prothrombin complex and the extrinsic
coagulation pathway or coagulation inhibitors. As
can be seen from the data presented, PT in patients of
the aforementioned group was significantly
prolonged by 2.1 times compared to control values.
This prolongation of the indicator may likely indicate
the accumulation in blood plasma of compounds
capable of reducing thrombin activity.

To determine the prothrombin content and
detect its functionally inactive forms, the ecamulin
time was measured. It was established that the ET
level in the blood plasma of patients with SNHL who
had recovered from COVID-19 almost returned to the
levels of the control group. Functionally inactive
form of prothrombin and a marker of its autolysis by
thrombin, indicating activation of the blood
coagulation system, is prothrombin-1. In the blood
plasma of patients with SNHL who had COVID-19,
a significant increase in Pre-1 by 19.5 times was
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detected compared to the control group, which may
indicate a risk of intravascular thrombosis.

In response to the activation of the components
of the blood clotting system and the development of
an inflammatory process, protein C is activated,
which is a key component of the anticoagulant
system. As a result of the conducted studies, a
probable twofold decrease in the content of protein C
was established in patients of this group compared to
the control group. The decrease in protein C content
is a marker of a pre-thrombotic state.

The determination of D-dimer is a mandatory
element in the diagnosis of pathologies associated
with intravascular thrombosis. However, as a product
of the hydrolysis of stabilized fibrin, D-dimer does
not allow the detection of a thrombotic threat, but
only indicates that a thrombus or fibrin deposit has
already formed and is now undergoing hydrolysis by
plasmin. This indicator should be considered as a
post-thrombotic marker, and only the simultaneous
quantitative determination of soluble fibrin and D-
dimer makes it possible to comprehensively
characterize the state of the patient's hemostatic
system. The presented data show that the D-dimer
concentration in patients with SNHL who recovered
from COVID-19 was reduced by 1.3 times compared
to the control, but at a trend level.

Changes in the concentration of soluble fibrin
are an early prognostic indicator of intravascular
coagulation activation, so determining its level is
important for the prevention of intravascular
thrombosis. In the blood plasma of patients with
SNHL who have recovered from COVID-19, a
significant increase in the concentration of SF by 5.8
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times compared to normal was detected. The recorded
changes indicate activation of the blood coagulation
system and a risk of thrombosis. The detected
decrease in D-dimer levels indicates the inability of
the fibrinolytic system to cope with the degradation
of both soluble fibrin and clots that may have already
formed. Since it is well known that when there is a
balance between the coagulation and fibrinolysis
systems, the amount of D-dimer is always
proportional to the amount of SF.

The determination of soluble fibrin-monomer
complexes (SFMC), which are normally present in
the bloodstream at minimal concentrations, is one of
the main indicators of hypercoagulation status. It has
been shown that the level of SFMC in blood plasma
was significantly higher between the control group
and the aforementioned patient group. This may
indicate that the fibrinolysis system does not prevent
the accumulation of fibrin clots in the vessels.

Discussion. According to the World Health
Organization, most patients who have had COVID-19
return to their previous state of health. However, a
number of data have been published indicating that
approximately 10-20 % (according to some data,
even up to 50 %) of patients experience malaise and
have complications in various organ systems for a
prolonged period, which becomes a reason for them
to consult highly specialized specialists of various
profiles [4].

In particular, in our previous studies, we
identified changes in cerebral hemodynamics in
patients with COVID-19 with hearing impairments
[3]. Considering the vulnerability of the
cardiovascular system to the effects of the SARS-
CoV-2 virus, as well as the sensitivity of the auditory
analyzer to vascular disorders, we continued our
research in terms of assessing the condition of the
hemostatic system in such patients. The patients
examined in this study had sudden and acute SNHL
as a result of COVID-19, or a significant progression
of pre-existing hearing loss.

A risk factor for the development of
intravascular thrombosis is an increase in the
concentration of fibrinogen — the precursor of fibrin —
in the patient's blood plasma. Experts of the
International ~ Society on  Thrombosis and
Haemostasis (ISTH) during the pandemic did not
indicate the need to measure fibrinogen concentration
in every COVID-19 patient at the time of
hospitalization. However, according to a number of
authors, this parameter should be taken into account
when assessing the hemostatic system in patients with
COVID-19. Since a sudden decrease in plasma
fibrinogen to concentrations below 1.0 g/L was
observed shortly before death in a number of patients
with COVID-19 [1, 7, 11], in patients with SNHL
who had recovered from COVID-19 and participated
in our study, the fibrinogen level normalized.

The product of fibrinogen cleavage by thrombin
is monomeric fibrin, which can form complexes with
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fibrinogen and its derivatives without the formation
of solid-phase fibrin. Oligomers of fibrin and
fibrinogen, which circulate freely in the bloodstream,
are called soluble fibrin, which is considered one of
the main markers of the risk of intravascular
thrombosis [1]. The established accumulation of SF
concentration in the above-mentioned group of
patients indicates the activation of the blood
coagulation system in their body.

The overall level of prothrombin was assessed
using ecarin clotting time. The data we obtained
indicate that in patients with SNHL who have
recovered from COVID-19, the content of functional
prothrombin has returned to the levels of the control
group. However, at the same time, they showed a
decrease in protein C content against the background
of an increase in soluble fibrin concentration, which
may indicate intravascular thrombin generation [12].
The consequence of thrombin overproduction is an
increase in the concentration not only of SF, but also
of prothrombin-1 in the blood plasma of patients who
participated in our study. Normally, prothrombin is
converted into thrombin during the blood clotting
process. If prothrombin is normal while thrombin is
elevated, this may indicate activation of blood
coagulation outside the normal physiological process.
Thus, the lack of normalization of the above
indicators indicates a high risk of intravascular
thrombosis in this group of patients [1].

According to the literature, to assess the
condition of patients and determine the prognosis of
COVID-19, fibrinogen should be compared with the
fibrin degradation product — D-dimer. Moreover, only
the simultaneous determination of the concentrations
of soluble fibrin and D-dimer can provide information
on whether fibrin deposits existed in the circulation,
whether they are currently forming, and whether they
are being degraded by the fibrinolysis system. The
detected decrease in D-dimer concentration against
the background of elevated SF in the plasma of
patients with SNHL who have recovered from
COVID-19 may indicate the presence of fibrin
deposits that are not hydrolyzed by the fibrinolytic
system and pose a threat of ischemia and embolism.
In addition, the fact that the fibrinolytic system does
not prevent the accumulation of fibrin clots in the
vessels is indirectly indicated by the increased level
of SFMC in the blood of this group of patients [1, 13].

Activated partial thromboplastin time is among
the recommended tests to be conducted for patients
with COVID-19 who are hospitalized [7]. In
particular, in the study by Tang et al., APTT was
significantly prolonged in the group of COVID-19
patients who later died compared to the group of
patients who survived [10]. Prothrombin time is one
of the indicators that ISTH recommends measuring
in all patients with COVID-19 [11]. Reliable
prolongation of APTT and PT, against the
background of normalization of fibrinogen levels in
patients with chronic heart failure who have had
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COVID-19, may be associated with an
inflammatory response caused by cytokines. The
mechanism of hypercoagulation is multifactorial

to the activation of platelets, monocytes,
macrophages, increased expression of tissue factor,
von Willebrand factor, and factor VIII, which can

and is likely induced by direct viral damage to the
vascular endothelium, caused by cytokines, leading

lead to thrombus formation and the development of
a fibrin clot [8].

Conclusion

As follows from the presented data, changes in the parameters of the platelet-vascular, coagulation, and
fibrinolytic links of hemostasis in patients with sensorineural hearing impairments who have had COVID-19
are complex and multidirectional in nature.

It was established that out of 9 studied indicators, only 2 returned to the normal level, namely the
fibrinogen level and eculine time, which indicates the absence of inflammation and the normalization of
functional prothrombin content. The observed increase in the concentration of soluble fibrin against the
background of a decrease in D-dimer indicates activation of the blood coagulation system and the inability of
the fibrinolysis system to hydrolyze fibrin clots, which is also indirectly evidenced by the increased level of
SFMC.

The established decrease in protein C content indicates intravascular thrombin generation. As a result of
its overproduction, there is an increase in Pre-1 and SF concentrations. Detected prolongation of APTT and PT
against the background of changes in the above indicators should be considered as a manifestation of chronic
consumption coagulopathy. This indicates depletion of the coagulation factor pool due to their constant use in
microthrombosis processes, which significantly increases the procoagulant potential of the blood and poses a
risk of ischemic complications.

The lack of normalization of hemostasis indicators in patients who have recovered from COVID-19 is an
unfavorable prognostic sign and is a reason for them to consult specialized medical facilities for corrective
therapy in the post-COVID period.

Prospects for further research. In this clinical direction, it is planned in the further perspective to study the possible impact
of COVID-19 on other structural elements of the auditory and vestibular analyzers. The research will concern both the peripheral
sections and various areas of the VIII cranial nerve pair and the corresponding elements of the central structures of the brain and
cerebellum.
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