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Abstract

Introduction. One of the characteristics of COVID-19, caused by the SARS-CoV-2 virus, is the broad,
nonspecific nature of the pathological processes that develop in almost all organs and organ systems of the
human body. At the same time, the development of endothelial dysfunction has been identified by many
investigators as the pathological process that integrates these disorders and is considered the primary
pathophysiological mechanism in severe cases.

Aim. Post-COVID-19 infection survivors in 2021-2022 (n = 502) underwent a Flow-Mediated Dilation
(FMD) test of upper arm occlusion by the brachial artery.

Materials and methods. In the non-invasive study, endothelial dysfunction (ED) was induced with
a pneumatic cuff, thereby inflicting compression only on the distal circulation with reactive hyperemia.
Manifestation of ED was evaluated by the diameter of the brachial artery (BA) being less than 10%
compared to the baseline, or vasoconstriction.

Results. The patients were divided into four groups by the severity of the disease. Group I (n = 262)
comprised home-quarantined patients with mild symptoms (HQM); Group II (n = 183), patients
hospitalized with moderate symptoms (HMO); Group III (n = 41), patients hospitalized with severe
symptoms who required oxygen therapy (HSV); and Group IV (n = 16), patients in the Intensive Care Unit
(ICU) hospitalized with critical symptoms (HCR). In HCR (Group 1V), the reaction of the BA diameter on
the FMD in 100% of cases was vasoconstriction. In HSV (Group III), 37 (90.2%) patients demonstrated
a vasospastic reaction of the BA. In HMO (Group II), vasoconstriction was detected in 23 (12.6%) patients,
and 29 (15.9%) patients demonstrated a spastic reaction. In HQM (Group I), 27 (10.3%) patients were
detected with vasoconstriction, while in 31 patients (11.83%) a BA spastic reaction was recorded.
Conclusions. Endothelium-dependent vasodilation determined by FMD is a practical and affordable
method for the detection of endothelial dysfunction in post-COVID-19 patients and allows identification of
patients with a higher risk of cardiovascular complications.
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INTRODUCTION

One of the peculiarities of COVID-19, caused by the
SARS-CoV-2 virus, is the pronounced non-specificity of
pathological processes that develop in almost all organs
and systems of the human body. At the same time, the
development of endothelial dysfunction is identified by
a number of researchers as a pathological process that
combines these disorders and is considered the main
pathophysiological mechanism in cases of a severe course
of the disease [1].

For now, it has been proven that the endothelium is
one of the tissues involved in the pathological process
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caused by the SARS-CoV-2 virus, and some papers use
the term «endotheliitis» to describe pathological processes
in the endothelium [2]. This leads to the development of
endothelial dysfunction associated with the penetration
of the SARS-CoV-2 virus into cells. This process is
accompanied by damage to endothelial cells, endothelial
dysfunction, and the development of paravascular
inflammation, which exacerbates endothelial damage [3, 4].

Biochemical methods for endothelial dysfunction
diagnosis reveal not only the concentration of specific
markers of endothelial dysfunction but also the
concentration of factors that lead to physiological
dysfunction of endothelial cells [5]. However, it should be
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noted that laboratory diagnosis of endothelial dysfunction
is invasive, and the economic aspect of determining
a significant number of specific biochemical parameters
does not allow the extensive use of these methods to cover
a significant number of patients.

Methods of functional diagnosis of endothelial
dysfunction are based on the assessment of the vasomotor
function of the endothelium by changing the concentration
of vasoactive substances.

AIM

Flow-Mediated Dilation (FMD) of the brachial
artery (BA), determined by ultrasound, is a modern,
reliable test for assessing the level of endothelial
dysfunction [6, 7]. Practical interest in the introduction
of non-invasive methods of endothelial dysfunction
diagnosis into clinical practice is based on the possibility
of early diagnosis of macro- and microhemodynamic

disorders after COVID-19, to prevent adverse

cardiovascular events in high-risk patients.

MATERIALS AND METHODS

The study included 502 patients who suffered
from COVID-19 caused by the SARS-CoV-2 virus in
2021-2022. The patients were divided into four groups
according to the severity of the disease.

Group I (n = 262) comprised home-quarantined
patients with mild symptoms (HQM); Group II (n = 183),
patients hospitalized with moderate symptoms (HMO);
Group IIl (n = 41), patients hospitalized with severe
symptoms who required oxygen therapy (HSV); and
Group IV (n = 16), patients in the Intensive Care Unit
(ICU) hospitalized with critical symptoms (HCR).

The control group consisted of 27 people aged 23
to 49 years who did not suffer from COVID-19, and the
examination revealed no concomitant pathology (Table 1).

Table 1

Demographic parameters

Parameters Control (n:27) | Group I (n:262) | Group II (n: 183) | Group III (n: 41) | Group IV (n:16)
Age, years 32,15+5,89 30,19+4,85 33,41+5.25 35,08+6,23 41,4245 81
Sex, male/female 16/11 143/119 74/109 20/21 7/9
Systolic blood pressure, mm Hg 105 (80-145) 107 (80-150) 110 (80-155) 115 (80-160) 115 (80-160)
Diastolic blood pressure, mm Hg 70 (50-95) 75 (50-95) 85 (60-95) 90 (70-95) 90 (75-95)
BMI 25.11% 2,06 25,71+ 2,64 26,19+2.87 26,21£3,01 28,17+3,91

In the non-invasive study, endothelial dysfunction
(ED) was induced with a pneumatic cuff, thereby
inflicting compression only on the distal circulation with
reactive hyperemia [6, 7]. Blood flow through the brachial
artery increases in response to reactive hyperemia caused
by post-ischemic dilation of the distal artery.

To obtain reliable study results and to compare the
test results with Flow-Mediated Dilation (FMD) of the
brachial artery (BA), standardized patient preparation,
test performance, and analysis of results according to
Rodriguez-Miguelez et al. were used [6].

Thus, before the test, the patient was at rest for
15-20 minutes at a room temperature of 22-25 °C in
a sitting position. The study was conducted on an empty
stomach. Twelve hours before the study, the patient was
advised to avoid food and beverages containing caffeine
and alcohol. The use of vasoactive drugs was monitored.
The cuff was placed distally to the site of measurement on
the brachial artery, i.e., at the level of the border between
the upper and middle thirds of the forearm.

Before the test, systolic pressure was measured, and
the cuff pressure was set to exceed it by 30-50 mm Hg.
The duration of occlusion was at least 3 minutes, while
the standard duration was 5 minutes [7].

The Sonoscape S8 Exp ultrasound system with a 7
MHz linear sensor was used to measure the diameter of
the brachial artery (BA) and the quantitative parameters
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of arterial blood flow at the level of the brachial artery
during the test. The location of the brachial artery was
determined 3-5 cm above the elbow flexion, with the
site marked on the skin using a marker. The study was
conducted in triplex mode (two-dimensional scanning,
colour duplex mapping of blood flow, and spectral
analysis of the Doppler frequency shift).

The diameter of the brachial artery was measured
using two points set by the ultrasonic cursor: one point on
the «adventitia—media» border of the anterior wall of the
artery, and the second on the «media—adventitia» border
of the posterior brachial artery (Fig. 1).

Among the quantitative parameters of blood flow,
peak systolic velocity (Vps), end diastolic velocity (Ved),
pulsation index (PI) and resistance index (RI) were
determined. For each measurement, the analysis of 3
cardiac cycles was performed (Fig. 2).

Measurements were performed during diastole
before the test, before removing the cuff, and at 1, 2,
and 5 minutes after removing the cuff. An increase in
the diameter of the brachial artery (BA) 60 seconds
after the removal of compression by 10% or more was
considered a normal reaction. A smaller increase in artery
diameter was considered a manifestation of endothelial
dysfunction (a pathological reaction), and the detection of
vasoconstriction was considered a paradoxical reaction,
which also indicated endothelial dysfunction.



KJ/ITHIYHA MEJUILIMHA

Figure 1. Measurement of the brachial artery diameter.

Figure 2. Determination of quantitative parameters of arterial blood flow at the level of the brachial artery during occlusion test.

Qualitative assessment of quantitative parameters
of blood flow in the brachial artery was performed
immediately after the removal of compression from the
cuff, during the maximum effect of shear stress on the
endothelium.

We used a 4 MHz transducer of the Sonoscape S8
Exp to perform the required echocardiographic procedures.

Statistical analysis was performed using the
statistical software package STATISTICA 6.0 for
Windows (StatSoft, USA) and Microsoft Excel (Microsoft
Office 2013, USA), with data presented as mean and
standard deviation (M + SD).

Spearman correlation analyses were conducted to
evaluate correlations between COVID-19 and FMD.
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RESULTS

The analysis of the obtained results showed
that the most pronounced changes in the evaluation
of the occlusion test were found in patients who were
hospitalized with critical symptoms (Group IV).

In these patients, the reaction of the brachial artery
(BA) diameter to FMD was vasoconstriction in 100% of
cases.

At the same time, the peak systolic velocity (Vps)
in patients of the HCR group (Group 1V) exceeded the
baseline values by 21.69% (p < 0.05); however, the level
of increase in peak blood flow velocity was the lowest
among all patients included in the study.
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The end-diastolic velocity at the level of the brachial
artery was characterised by the highest level and exceeded
the group’s baseline data by 75.37% (p < 0.05), also being
the highest among all patient groups.

The pulsation index and the resistance index, which
characterise the elastic properties of the vascular wall and
the peripheral resistance of the vascular segment, were
significantly higher compared to the control group (Table 2).

Table 2
The results of the test to determine endothelium-dependent vasodilation
Control group Group I Group II Group III Group IV
(n:27) (n:262) (n: 183) (n: 41) (n:16)
Diameter of the brachial artery, mm Initial data 4,240,5 4,140,4 4,240,4 4,240,3 4,310,2
’ Test data 4,840,3 4,740,4'2 4,740,3'2 4,440,1! 4,440,2!
Vps. cmls Initial data | 76,2349,11 75,84+8,91 | 76,9149,03 | 75,48+7,81 [ 74,95+48,12
’ Test data | 110,37+12,492 | 108,61+9,54'2[109,38+10,26'2[ 101,1247,92' | 97,29+8,12'2
Ved. cm/s Initial data 7,41+1,33 7,46+1,29 7,43+1,31 7,44+1,30 7,39+1,38
’ Test data 10,35+1,812 10,27+1,68> [ 9,92+1,93 11,4542,112 [ 12,96+2,27'2
PLRU Initial data 4,8140,26 4,74+0,27 4,750,25 4,80+0,24 4,79+0,29
T Test data 4,73+0,23 4,72+0,21 4,71+0,24 4,96+0,15! 5,02+0,29'
RLR.U Initial data 0,74+0,02 0,77+0,06 0,78+0,05 0,79+0,03 0,81+0,05
P Test data 0,7240,03 0,71£0,04 0,7340,03 0,82+0,04! 0,8440,03"

1 — p<0,05 compared with the control group
2 — p<0,05 compared to the initial data for the group

A similar tendency of changes in the results of FMD,
although to a lesser extent, was ascertained in patients of
Group III (patients hospitalized with severe symptoms
who required oxygen therapy).

The response rate of the brachial artery diameter as
a reaction to the test was less than 10%, i.e., 4.7-3.8%.

Peak systolic velocity (Vps) in patients of the HSV
group (Group III) increased by 13.45% compared to
baseline values (p < 0.05), but, as in patients of Group IV,
was significantly lower than in patients of the control group.

While evaluating the results in this group of patients,
it was determined that end-diastolic velocity (Ved)
exceeded baseline values by 53.91% (p < 0.05).

Analysis of the changes in pulsation index (PI) and
resistance index (RI) also indicated impairment of the
elastic properties of the vascular wall in the direction

of vasoconstriction and increased peripheral vascular
resistance (Table 2).

In patients of Groups I (compiled home quarantined
patients with Mild symptoms) and II (patients hospitalized
with Moderate symptoms), all studied parameters of the
FMD test vasodilation remained within the normal range
and indicated the absence of manifestations or a slight
degree of endothelial dysfunction (Table 2).

Analysing the echocardioscopy data, there were
no significant deviations from the control parameters in
patients of Groups I (HQM), II (HMO), III (HSV). And
only in patients of Group IV there were found statistically
significant deviations of all echocardioscopy parameters,
except for the ejection fraction (Table 3).

Spearman’s correlation test showed that FMD
(r=0.27, p=0.006) had a significantly positive correlation
with the presence of COVID-19.

Table 3

Echocardioscopy Parameters

Parameters Control Group (n:27) | Group I (n:262) | Group II (n: 183) | Group III (n: 41) | Group IV (n:16)
Left atrium diameter (cm) 3,03+0,5 3,01+0,4 3,02+0,4 3,04+0,4 4,7+0.4"
LVDD (cm) 4,48 + 0,45 4,46+0,51 4,49+0,43 6,11+0,52! 6,23+0,49!
LVSD (cm) 2.80+0.30 2,83+0,24 2,81+0,33 4,11+0,41! 4,23+0,39!
PW (cm) 0,9620,14 0,9720,11 0,96£0,15 1,01+0,08 1,10+0,13!
IVS (cm) 0,92+0,16 0,91+0,24 0,98+0,17 1,03+0,08' 1,12+0,10'
EF (%) 67,27+5,02 65,31+£5,19 66,17+6,81 65,3245,87 66,19+4,29

! — p<0,05 compared with the control group

Abbreviations: LVDD = left ventricular diastolic diameter; LVSD = Left ventricular systolic diameter; PW = posterior wall; IVS =
interventricular septum; EF = Ejection fraction; FMD = flow mediated dilation.

DISCUSSION

The non-invasive method of endothelial dysfunction
assessment, based on the measurement of the FMD test
of the brachial artery (BA) in response to ischemia—
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reperfusion at the forearm [6], is currently widely used in
clinical practice.

This method has a high degree of clinical
representation of the arterial system and is valid
9
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for assessing the Ilevel

vasodilation [7].

of endothelium-dependent

Takase et al. [7, 8], in their studies, proved a high
degree of correlation between flow-mediated dilatation of
the brachial and coronary arteries, arguing that the FMD
test can be used to assess the level of endothelial coronary
artery dysfunction.

As a diagnostic test, this technique is comparable to
such a method as the exercise ECG and can be used to detect
a cohort of patients with suspected coronary heart disease.

A violation of the response of the brachial artery
to the test with endothelium-dependent vasodilation is
associated with multiple risk factors for cardiovascular
disease (smoking, diabetes, old age, hypercholesterolemia)
as well as with manifested cardiovascular diseases [8, 9].

At the same time, the use of the endothelium-
dependent vasodilation test of the brachial artery has
a number of limitations and precautions that must be taken
into account when evaluating the results of the examination.

Thus, the test results should be evaluated with
caution in patients with cardiac arrhythmias, reduced left
ventricular ejection fraction, broncho-obstructive diseases,
stenotic-occlusive diseases of the peripheral arterial bed of
the upper extremities, as well as in patients with increased
psycho-emotional lability [12].

It should also be noted that vasodilation of the brachial
artery reflects only one facet of endothelial dysfunction —
namely, the response of the vessel to the production of
endothelial NO, without taking other aspects into account.

Analysis of the results of the endothelium-dependent
vasodilation test in patients who had COVID-19 [13,
14, 15] showed significant changes in the response of
diameter and peak systolic velocity, which correlated with
the severity of the disease and were most pronounced in
patients of Groups III (HSV) and IV (HCR).

The analysis of baseline data in patients with severe
COVID-19 (Groups III and IV) revealed signs of increased
peripheral vascular resistance and impaired elastic properties
of the arterial wall in the direction of vasoconstriction.

The changes found during echocardiography in
patients of Groups I (HQM), II (HMO), and III (HSV)
were not significant, which indicates a slight effect
of coronavirus infection on the parameters of central
haemodynamics.

At the same time, changes in echocardiography in
patients of Group IV (HCR) were significant, which may
be due to severe COVID-19, concomitant age-related
changes, and cardiac pathology.

According to Table I, Group IV patients had a higher
mean age (41.42 + 5.81 years) and higher mean systolic
and diastolic blood pressure (Table 1).
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CONCLUSIONS

Endothelium-dependent vasodilation determined
by FMD is a practical and affordable method for the
detection of endothelial dysfunction in post-COVID-19
patients, allowing the identification of patients at higher
risk of cardiovascular complications.

It should be noted that the use of FMD has certain
limitations — namely, the test results may be inaccurate
due to respiratory pathology, heart rate variability, and
distal occlusions of the arteries of the upper extremity.

Prospects for further research. Minimally invasive
methods for determining endothelial dysfunction, such
as FMD, are effective and low-cost. In future research
programmes, it is planned to search for and apply new,
modern minimally invasive methods for determining the
level of endothelial dysfunction in patients who have had
COVID-19 infection.

It is also possible to combine FMD data with
biochemical markers of inflammation and endothelial
dysfunction; such studies are currently underway.
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Pe3rome

AIArTHOCTUKA NOCT-COVID-19 NOPYLLUEHb ®YHKLIT EHAOTENIO
Cesatocnas f. KocriB, Irop K. Benrep, Bopucnas 1. Cenbcbkuid, Onbra I. Kocti, AHgpin P. Banga,
Ha3ap I. Fepacumtok, Irop . lloiiko

TepHoNiNbCLKMN HaLiOHamNbHUIA MeanyYHA yHiBepcuTeT iMeHi |. FopbayeBcbkoro, M. TepHonifnb, YkpaiHa

Beryn. Opnieto 3 ocobauBocteid COVID-19, cnpuumHeHoro Bipycom SARS-CoV-2, € Bpakaroua Hecnenu¢iyHicThb
MaTOJIOTIYHUX MPOILECIiB, AKi pO3BUBAIOTbLCSA MPAaKTUYHO y BCiX OpraHax i cucTeMax oprasiaMmy JitoAuHU. BogHouac
PO3BUTOK eHA0TeMiaNbHOI AucYHKIT 6araTbMa JOC/IiJHUKaMH1 BU3HAY€EHO SIK MATOJIOTIYHUH MpoLeC, 1o 06'€JHyE
11i NOpyIIeHHs Ta BBAXKAETbCSA IEPBUHHUM NaTodi3io/10riYyHUM MeXaHi3MOM B yCKJIaJHEHUX BUNAKaX.

Merta. [lanienTH, ski Bmxwian micas iHgikyBanHa COVID-19 y 2021-2022 pokax (n = 502), mpodmin TecT Ha
MOTOKO3aJIeXKHY Ba3ousATaL o naeyoBoi aptepii (FMD).

Marepianu Ta MeTOAU. Y HeiHBasMBHOMY JocJipkeHHiI eHfoTemianbHoi aAucyHkuii (EA) 1 ingykyBanu
NMHEeBMaTUYHOI MaH)XeTOl0, CIPUYMHAIOYM KOMIIPEeCilo JiMIile Ha AMCTaJIbHHUM KPOBOOOIr i3 MOSIBOIO peaKTHBHOL
rinepewmii. [IposiB E/] onjiHloBasu 3a 3MiHoI0 JiiaMeTpa nuedoBoi aprepii ([1A): BiH 6yB MeHmuM Ha 10% mnopiBHSHO
3 BUXiZAHUM piBHEM a60 crocTepirasacs Ba30KOHCTPHUKILif.

Pe3ynbraTi. XBOopUX 6y/I0 PO3NOJAiIEeHO Ha 4 TPynu 3a CTYNEeHEM BaXKKOCTi 3axBoprooBaHHA. | rpyma (n = 262) -
NalieHTH Ha JOMalIHbOMY KapaHTHHI 3 Jierkumu cumnrtomamu (HQM), II rpyna (n = 183) - rocmitasnizoBasi
3 noMipHuMu cumnToMamu (HMO), III rpyna (n = 41) - rocnitai3oBaHi 3 BAXXKKUMH CUMIITOMaMHU, SIKi IOTPeOyBaIn
kucHeBoil Tepamii (HSV), IV rpyna (n = 16) - nauieHTH y BiggineHHi iHTeHcuBHOI Tepamii (ICU), rocmitanizoBaHi
3 kputnuHuMH cumntoMamu (HCR). Y maunienTiB IV rpynu peakiis giameTtpa niedoBoi aprepii nig yac tecty FMD
y 100% BumnagkiB 6ysa BazokoHcTpukniew. Y nanieHTiB Il rpynu y 37 (90,2%) XBOpUX BHUSBJIEHO Ba30CHACTHYHY
peakrito miedoBoi aprepil. ¥ xBopux Il rpynu Ba3okoHCTpHUKLiO BUsBaeHO ¥ 23 (12,6%) mauieHTis, a y 29 (15,9%)
criocTepiranaca cmactTudHa peakuis. B I rpyni y 27 (10,3%) mnanieHTiB 3adikcoBaHO Ba30KOHCTpHUKIi0, a y 31
(11,83%) - cnacTu4Hy peakliito Ha piBHi neyoBoi apTepii.

BucHoBkHU. EHjoTenili3ane’xHa Ba3ojuATallis, 10 BHU3HayajJacb 3a JONOMOIOI HeiHBa3UBHOIO TeCTy Ha
MOTOKO3aJIeXKHY Ba3oAuJsATalilo miedoBoi aprepii (FMD), € mpakTHYHUM i AOCTYNHUM MeTOJOM BUSIBJIEHHS
eHgoTenianbHOl AuchyHKLil y noct-COVID-19 nanieHTiB i f03BoJsie ineHTH]IKYBaTH XBOPUX i3 BUIUM PU3UKOM
CepueBO-CyIMHHUX yCK/IaJAHEeHb.

Kawuosi cioea: COVID-19, koBigHI po3agy, NOTOKO3aJeXHAa Ba3oAUIATaLisA, eHAoTedia/lbHA JUCPYHKIA,
eHA0TeJIiH
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