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COVID-19 INFEKSIYASI KECIRMIS PSiXi PATOLOGIYALI
XOSTOLORDO BEYNIN ARTERIAL HEMODINAMIKASI

R.Y.Abdullayevl, I.V.Leslnal, M.N.Xaustov', F.i.Kulikova?, A.G.Kirig:enko:’,
K.N.ibrahimova', A.G.Sirko? C.0.Dudukina’ N.V.Tomax’, F.I.islamzads*
"Xarkov Milli Tibb Universiteti, Xarkov, Ukrayna;

2.1 Me¢nikov adina Dnepropetrovsk vilayat klinik xastaxanasi, Dnepr, Ukrayna;
3Ukmyna Sahiyya Nazirliyinin Tibbi va Sosial Olillik Problemlari tizra
Ukrayna Déviat Tadgiqgat Institutu, Dnepr, Ukrayna;
4Azarbaycan Tibb Universiteti, Baki, Azarbaycan

Xiilasa. Maqalada psixika pozulmalart olan va COVID-19 infeksiyasi kegirmis xastalorda beynin arterial
hemodinamikasini oyronmak magsadilo aparilmis tadqgiqat isi haqqinda malumat verilmisdir. Tadgiqata
miivafiq patologyasi olan 43 xasto (I qrup) daxil edilmigdir. Miiqayisa qrupunu (Il grup) COVID-19 ke¢irmis
va ¢ox zaif psixi pozuntusu olan 35 xasta togkil edib. Gostarilmisdir ki, I grupda 28 (65,1+7,3%), 1l qrupda
13 (37,148,6%) xastonin sol orta beyin arteriyasinda qan dovrani siirati sag orta beyin arteriyasindak: gan
dovram siiratindan ¢ox olub (Vs sol > Vs sag). I qrupda 15 (34,9+£7,3%), Il qrupda 22 (62,9+8,6%) xastada
isa aksina, az olub (Vs sol < Vs sag). Sol orta beyin arteriyasindaki pulsasion index I qrupda 0,93+0,06, 11
grupda 0,76 £ 0,04 (p<0,05) olub.

Olda edilmis malumatlara gorva, psixika pozulmalar: olan COVID-19 kegirmis xastolordo orta beyin
arteriyalarindaki gan dévrani siiratinin asimmetriyasi psixi pozulmalari olmayan xastalardakindon statistik
daqiqlikls (p<0,05) yiiksak olub. Belo natica periferik miiqavimat (RI, PI) gostaricilori ti¢tin da alinib.

Agar sozlar: COVID-19, beyin arterial hemodinamikasi, psixi pozuntular, doppleroqrafiya

Knrwuesvie cnosa: COVID-19, yepebpanvuas apmepuanvHas 2eMOOUHAMUKA, NCUXUYECKUE PACCMpPOli-
cmea, donnaepozpaghusi

Key words: COVID-19, cerebral arterial hemodynamics, mental disorders, doplerography

CEREBRAL ARTERIAL HEMODYNAMICS IN PATIENTS
SURVIVORS OF COVID-19 WITH MENTAL DISORDERS

R.Ya.Abdullaev', I.V.Leshchyna', M.N.Khaustov ', F.Y.Kulikova®, A.G.Kyrychenko’,
K.N.ibragimoval, A.G.Sirko?, S.0.Dudukina®, N.V.Tomakh® F.LIslamzada®
'Kharkiv National Medical University, Kharkiv, Ukraine;
2Dnipropetrovsk Regional Clinikal Hospital, Dnipro, Ukraine;

*Ukrainian State Research Institute of Medical and Social Disability Problems of the
Ministry of Health of Ukraine; 4Azerbaijan Medical University, Baku, Azerbaijan

Summary. The article presents data on the assessment of cerebral arterial hemodynamics in 43 patients
who had Covid-19 and had mental disorders (group 1). The comparison group (group Il) consisted of 35
patients who had suffered Covid-19, who were less likely to have mental disorders. It was shown that in 28
(65.1£7.3%) patients of group I and 13 (37.1£8.6%) of group II, the blood flow velocity in the left middle
cerebral artery (Vs Imca) was higher than in the right middle cerebral artery (Vs rmca). In 15 (34.9+7.3%)
patients of group I and in 22 (62.9+8.6%) patients of group I, on the contrary, it was less (Vs Imca<Vs
rmca). The pulsation index on the left middle cerebral artery was 0.93+0.06 in group I and 0.76+0.04 in
group II (p<0.05).

According to the data obtained, the asymmetry of blood flow velocity in the middle cerebral arteries in
patients who had suffered Covid-19 and had mental disorders was statistically significantly higher (p<0.05)
than in patients without mental disorders. The same result was obtained for peripheral resistance indicators
(RI, PI).
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The COVID-19 pandemic is considered
the largest global crisis with severe conse-
quences not only for the health of the individ-
ual patient, but also for the healthcare system
and economyc of the whole world [1]. As is
known, the severity of the disease caused by
the new coronavirus 2019 (COVID-19) is
mainly manifested in the occurrence of severe
acute hypoxemic respiratory failure, which
often requires artificial ventilation. However,
damage to the central nervous system (CNS),
as well as thromboembolic complications,
including the development of ischemic stroke,
have been reported [2, 3].

According to the literature, mental and
neurological symptoms are observed in almost
half of patients with COVID-19. The most
common complaints among these individuals
are constant fatigue and anxiety [4, 5]. Some
researchers note that in the first weeks of the
acute phase of Covid-19, the risk of developing
mental disorders becomes high [6, 7].

According to Xie Y. et al. (2022) among
patients with COVID-19, damage to the cen-
tral nervous system was observed in 24.8%,
skeletal muscles - in 10.7% of cases. Among
patients with lesions of the central nervous
system, dizziness was observed in 16.8% of
cases, headache - in 13.1%, disturbances of
taste - in 5.6% and smell - in 5.1% of cases.
Among patients with severe COVID-19, men-
tal disorders were recorded in 14.8% of cases,
with mild cases in 2.4% (p<0.001), respec-
tively [8]. Other studies have shown that in
patients who had COVID-19, anxiety was
recorded in 61.0% of cases, depression — in
61.7%, bipolar disorder — in 58.8% of cases,
respectively. According to the authors, these
symptoms were the reason for re-hospita-
lization [9]. It is important to note that it is
still unclear whether disorders of the central
nervous system develop as a result of acute
respiratory failure, systemic aggression or
hypercoagulability syndrome [10].

Research by Batra A. et al (2021) shows
that in severe cases of COVID-19, circulating
microemboli occur, which can cause stroke or
encephalopathy, while there may be no pul-
monary complications of the disease [11].

Neuroimaging methods play an important
role in assessing cerebral hemodynamics
among patients with neurological disorders

13

after COVID-19 [12-15]. Transcranial
Dopplerography, being a non-invasive ac-
cessible method, allows you to record quan-
titative parameters of blood flow in the main
arteries of the brain, thereby assessing
hemodynamic conditions [16, 17].

The purpose of the study is to evaluate of
Dopplerographic features of cerebral arterial
hemodynamics in patients who have had
COVID-19 with and without mental disor-
ders.

Material and methods. The results of trans-
cranial Dopplerography of cerebral arterial hemo-
dynamics were analyzed in 43 patients aged 28—
49 years (average 35.6+4.7 years) who had
COVID-19 with the presence of psychoemotional
disorders (group I). Group II consisted of 35
patients of similar age (on average 36.0+4.9
years) who also had COVID-19, but with episodic
symptoms of psycho-emotional disorders. In
group I, 32 patients were treated in a hospital due
to their serious condition, and in 11 patients - on
an outpatient basis, and in group II - in 4 and 31
patients, respectively.

Doppler sonography was carried out 2-4
months after suffering from COVID-19 using a
Philips HD-11 ultrasound machine with a sector
sensor in a frequency mode of 2-4 MHz. Hemo-
dynamic parameters were determined in the
middle cerebral artery on both sides of the brain.

Statistical analysis was carried out using the
nonparametric Mann-Whitney method. If the p
value <0.05, the difference between the compared
groups was considered statistically significant.

Results and discussion. The analysis of
psychoneurological clinical symptoms in
patients who had COVID-19 was carried out
on the basis of previously published scientific
works [18, 19]. Table 1 shows the frequency
of clinical symptoms of psychoemotional
disorders. Initially, group I included patients
who recorded at least 5 symptoms out of 13
presented in Table 1.

As can be seen from the table 1, clinical
symptoms of psycho-emotional disorders
were also rarely found among patients in
group II who suffered from mild COVID-19.
However, among them there was no combina-
tion of more than 5 symptoms of psycho-
emotional disorder. All symptoms of psycho-
emotional disorders in the I group were rec-
orded statistically significantly more often
(p<0.001) than in the II group.



Table 1. Frequency of clinical symptoms of psychoemotional disorders in patients who suffered COVID-19

Clinical symptoms of psychoemotional disorder I group IT group
n=43 n=35

Sense of anxiety 39 (90,7+4,4%) 4 (11,44+5,4%)
p<0,001

Internal tension 32 (74,4+6,7%) 6 (17,1£6,4%)
p<0,001

Lowered mood background 31 (72,1+6,8%) 5 (14,3£5,9%)
p<0,001

Sleep disorders 29 (67,4+7,1%) 8 (22,9+7,1%)
p<0,01

Vegetative hyperactivity 28 (65,1+£7,3%) 7 (20,0£6,8%)
p<0,01

26 (60,5+7,5%) 6 (17,1+6,4%)
Inability to self-control anxiety p<0,001

Anxious fears 25 (58,1+7,5%) 5 (14,3£5,9%)
p<0,001

Motority tension 23 (53,5+7,6%) 5 (14,3+£5,9%)
p<0,001

Intrusive anxious thoughts 21 (48,8+7,6%) 4 (11,4+5,4%)
p<0,001

Irritability 19 (44,2+7,6%) 5 (14,3+5,9%)
p<0,01

Exaggerated alertness 17 (39,5+7,5%) 3 (7,7£4,5%)
p<0,001

Decreased ability to concentrate 16 (37,2+7,4%) 6 (17,1£6,4%)
p<0,05

Feeling of losing control over your life 14 (32,6+£7,1%) 2 (5,7£3,9%)
p<0,01

The average value of systolic blood flow
velocity (Vs) in the left middle cerebral artery
(MCA) in patients of group I was 116.7+8.1
cm/s, in patients of group II — 96.5+£7.2 cm/s,
in the right MCA — 104.3£6.4 cm/s and
102.8+£6.9 cm/s, respectively. For end-diasto-
lic velocity (Vd), these parameters were
40.8+6.2 cm/s, 41.3+5.8 cm/s, 38.2+4.5 cm/s
and 42.3+4.7 cm/s, respectively. The re-
sistance index (RI) in the left MCA in patients

of group I was 0.65+0.04, in patients of group
I — 0.57+0.03, in the right MCA — 0.63+0.03
and 0.59+ 0.02, respectively. For the pulsa-
tion index (PI), these parameters were
0.93+0.06, 0.76+0.04, 0.89+0.05 and
0.81£0.05, respectively (Table 2). As can be
seen from the table, a significant difference
(p<0.05) between groups I and II was detect-
ed only in the PI index in the left MCA (Table
2).

Table 2. Blood flow parameters in the middle cerebral artery (MCA) in patients who suffered COVID-19
with and without psychoemotional disorders

Left MCA Right MCA
I group II group I group II group
Vs, cm/s 116.7+ 8.1 96,5+7,2 104,3 + 6,4 102,8 + 6,9
Vd, cm/s 40.8+6.2 41,3+5,8 38,2+4)5 423+4,7
RI 0.65+0.04 0,57 £0,03 0,63 £0,03 0,59 +0,02
PI 0.93+0.06 0,76 + 0,04 0,89 + 0,05 0,81 +0,05
p<0,05




As shown in Table 3, among patients of
group I, in 28 (65.1£7.3%) in the left MCA
the Vs value was higher than in the right
MCA (Vs lImca > Vs rmca), and in 15 (34.9+7
.3%), on the contrary, Vs Imca < Vs rmca. In
group II, 13 (37.1 + 8.6%) patients had Vs
Imca > Vs rmca, and 22 (62.9 + 8.6%) pa-
tients had Vs Imca < Vs rmca (Table 3). As
can be seen from the table, in group I the
number of patients (28 people) with the index
of Vs Imca>Vs rmca was statistically signifi-
cantly (P<0.05) greater than in group II (13
people). In group II, the number of patients
(22 people) with the index of Vs lmca<Vs
rmca was significantly (P<0.05) greater than
in group I (15 people). The same trend was
observed within groups I (p<0.01) and II

(P<0.05) of patients.

The degree of Vs asymmetry between
SMAs is divided into 3 degrees - less than
10%, within 11-20% and more than 20%,
respectively. In group I, in 16 (37.2+£7.4%)
patients, the degree of Vs asymmetry between
the SMAs was less than 10%, in 13
(30.2+7.0%) patients - within 11-20%, and in
14 (32.6+7.1%) of patients was more than
20%, respectively. In group II of patients,
these parameters were 19 (54.3+£7.6%), 11
(31.4+£7.8%) and 5 (14.3+£5.9%), respectively
(Table 4). As shown in the table, a significant
(P<0.05) difference between groups I and II
was detected only when the value of Vs
asymmetry in the middle cerebral arteries was
more than 20% (Fig.1, Fig. 2).

Table 3. Distribution of patients taking into account the ratio
Vs in the left and right middle cerebral arteries

Ratio Vs in the left

Number of patients, %

and right MCA

I group (n=43)

II group (n=35)

Vs ncma> Vs nicma

28 (65,1+7,3)
Vs Imca < Vs rmca p<0,05
p<0,01

13 (37,148,6)

Vs ncma < Vs nema

Vs Imca < Vs rmca

15 (34,9+7,3)

22 (62,9+8,6)
p<0,05
p<0,05

Note: Vs — systolic blood flow velocity, Imca — left middle cerebral artery,
rmca — right middle cerebral artery.

Table 4. Distribution of patients according to the degree of asymmetry of
systolic blood flow velocity in the middle cerebral artery

The degree of asymmetry

Number of patients, %

between left and right

I group (n=43)

II group (n=35)

MCA, %
<10 16 (37,2+74) 19 (54,3 +£7,6)
11-20 13 (30,2+7,0) 11 (31,447,8%)
> 20 14 (32,6 £7,1) 5 (14,3+£5,9%)

P<0,05




Fig. 1. Registration of blood flow in the right
middle cerebral artery in a patient who has
had COVID-19 with clinical symptoms of
mental and emotional disorders. Vs - cm/c,
RI-0.63, PI-0.89.

Discussion. Research by Lang J.P. et al.
(2020) show that patients with COVID-19
have not only pulmonary, but also
gastrointestinal, cardiac and neurological
dysfunctional symptoms [20]. Data from
some authors indicate that despite achieving
control over the spread of the virus, the
frequency of mental disorders among people
who have recovered from COVID 19 will
increase [21].

Transcranial Doppler (TCD) provides a
non-invasive functional assessment of blood
flow characteristics and cerebrovascular he-
modynamics in the basal arteries of the brain.
The ability to study cerebral arterial hemody-
namics using TCD in patients with COVID-
19 was demonstrated by obtaining key cere-
brovascular parameters. TCD-based assess-
ments provide reliable estimates that can be
used in further studies of these patients, main-
ly in the context of prospective studies of
COVID-19 complications, which are often
associated with delirium, cognitive decline
and ischemic impairment [22].

We studied cerebral arterial hemody-
namics in previous studies in acute ischemic
stroke [23]. We identified an increase in pe-
ripheral resistance indices as a response to

Conflict of interest

Fig. 2. Same patient. Registration of blood flow in
the left middle cerebral artery. Vs - 128 cm/s, RI —
0.74, P1-1.21, Vs Imca/ Vs rmca.

impaired arterial blood flow. An analysis of
the nature of the Doppler spectrum in patients
with psychoemotional disorders as a result of
COVID-19 revealed an asymmetry in the sys-
tolic blood flow velocity between the left and
right middle cerebral arteries of both hemi-
spheres of the brain. Among patients who
suffered COVID-19 with clinical symptoms
of psycho-emotional disorders, the degree of
asymmetry was statistically significantly
higher than in patients without these symp-
toms.

Conclusions

1. Among patients who suffered
COVID-19 with psycho-emotional disorders,
the degree of asymmetry of systolic blood
flow velocity between the left and right mid-
dle cerebral arteries was significantly
(p<0.05) higher than in patients who suffered
COVID-19 without psycho-emotional disor-
ders.

2. Parameters of peripheral resistance
(RIL, PD) in patients survivors of COVID-19
with psycho-emotional disorders significantly
higher (p<0.05, p<0.001) than in patients
without clinical symptoms of psychoemo-
tional disorders.

The authors declared no potential conflicts of interest with respect to the research, authorship, and/or

publication of this article.
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HEPEBPAJIBHASA APTEPUAJIBHASI TEMOJANHAMMUKA Y BOJIBHBIX
HNEPEHECHINX COVID-19 C HICUXUYECKUMHU HAPYIHIEHUAMUA

P.H.Aﬁuyﬂﬂaenl, HW.B.JTemuna’, M.H.XayCTOB], (I).I?'I.Kyﬂmcosaz, A.I'.Knupunuenko®,
K.H.M6parumona’, A.I.Cupko’, C.O.Iyaykuna’, H.B.Tomax’, ®.M.Aciam3ane’
"Xapvroscruii nayuonansnviii meduyunckuii ynusepcumem, Xapokos, Yxpauna;

* Inenponempoeckas obracmuas knunuueckas 6onvuuya um. .U Meunukosa, [Juenp, Yipauna;

? Vipaunckuii 2ocyoapemeentbiii HayuHO-UCCIC008AMENLCKULL UHCIUMY M MEOUKO-COYUATbHBIX NPOGIEM
unsanuonocmu M3 Ykpaunwi, [{nenp, Yxpauna;

* Asepbatioocancruii meduyunckuii ynusepcumem, Baxy, Azepbatiosrcan

Pe3tome. B cratbe npezcTaBlieHbl Pe3yJIbTaThl HCCIEA0BAaHHA, TPOBEIECHHOIO C LIEJbIO0 U3Y4YeHHs Lepeo-
pabHON TeMOTUHAMUKHN y OOJILHBIX C TICHXHYECKHMH paccTpoiictBamu, nepeHecmx COVID-19. 43 nanu-
enroB nepeHecunx COVID-19 u umeromumx ncuxuyeckue paccrpoiictsa (I rpymma). I'pynmy cpaBHeHHs
(rpynma II) cocraBumu 35 nanuentoB nepenecmx COVID-19, y KoTOpBIX peke HaOIOAaIHCh MICHXUYe-
ckue paccrpoiictsa. [lokazano, uto y 28 (65,1+7,3%) 6onbabix I rpynmst u 13 (37,1+£8,6%) II rpymmsl cko-
POCTh KPOBOTOKA B JieBoi cpennerd mo3roBolt aprepun (CKJIMP) Obuta Bhilie, 4eM B TIPaBO cpeiHEd MO3-
rosoii aptepun (CKIIMA). ¥V 15 (34,9£7,3%) G6onpubix | rpynmst u y 22 (62,9+£8,6%) 6oabHbIX 11 rpynmsl,
HaobopoT MeHbIne (CKIIMA>CKPMA). NMuaeke myibcalluil Ha JIEBOW CpeAHEH MO3rOBOW apTepuu cocTa-
Bun 0,93+0,06 B I rpynme u 0,76+0,04 Bo II rpymme (P<0,05).

CornacHo mosy4eHHBIM JaHHBIM, aCHMMETPHsI CKOPOCTH KPOBOTOKA B CPETHUX MO3TOBBIX apTEpHUsIX Y
nanuenToB nepeHecux Covid-19 1 MMEIOIUX MCHXUYECKUE PACCTPONUCTBA OBLIA CTATUCTHUSCKH 3HAYNMO
Boime (P<0,05), yeM y naumeHToB 6€3 ICUXUYECKUX PACCTPONCTB. Tako e pe3yabTaT MOMy4YeH U JUIA I10-
Kazatenei nepudepudeckoro conporusnenus (PU, TTN).
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