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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 IV), 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 

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 

КЛІНІЧНА 
МЕДИЦИНА
CLINICAL 
MEDICINE



КЛІНІЧНА МЕДИЦИНА

Клінічна та профілактична медицина, № 5 (43) / 2025 7

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  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).

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 І (n:262) Group ІІ (n: 183) Group ІІІ (n: 41) Group ІV (n:16)
Age, years 32,15±5,89 30,19±4,85 33,41±5.25 35,08±6,23 41,42±5,81
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 

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.
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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.

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  IV) 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
(n:27)

Group І
(n:262)

Group ІІ
(n: 183)

Group ІІІ
(n: 41)

Group ІV
(n:16)

Diameter of the brachial artery, mm Initial data 4,2±0,5 4,1±0,4 4,2±0,4 4,2±0,3 4,3±0,2
Test data 4,8±0,32 4,7±0,41,2 4,7±0,31,2 4,4±0,11 4,4±0,21

Vps, cm/s Initial data 76,23±9,11 75,84±8,91 76,91±9,03 75,48±7,81 74,95±8,12
Test data 110,37±12,492 108,61±9,541,2 109,38±10,261,2 101,12±7,921,2 97,29±8,121,2

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±1,682 9,92±1,93 11,45±2,11,2 12,96±2,271,2

PI, R.U. Initial data 4,81±0,26 4,74±0,27 4,75±0,25 4,80±0,24 4,79±0,29
Test data 4,73±0,23 4,72±0,21 4,71±0,24 4,96±0,151 5,02±0,291

RI, R.U. Initial data 0,74±0,02 0,77±0,06 0,78±0,05 0,79±0,03 0,81±0,05
Test data 0,72±0,03 0,71±0,04 0,73±0,03 0,82±0,041 0,84±0,031

1 – р≤0,05 compared with the control group
2 – р≤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 І (n:262) Group ІІ (n: 183) Group ІІІ (n: 41) Group ІV (n:16)
Left atrium diameter (cm) 3,03±0,5 3,01±0,4 3,02±0,4 3,04±0,4 4,7±0,41

LVDD (cm) 4,48 ± 0,45 4,46±0,51 4,49±0,43 6,11±0,521 6,23±0,491

LVSD (cm) 2.80 ± 0.30 2,83±0,24 2,81±0,33 4,11±0,411 4,23±0,391

PW (cm) 0,96±0,14 0,97±0,11 0,96±0,15 1,01±0,08 1,10±0,131

IVS (cm) 0,92 ± 0,16 0,91±0,24 0,98±0,17 1,03±0,081 1,12±0,101

EF (%) 67,27±5,02 65,31±5,19 66,17±6,81 65,32±5,87 66,19±4,29
1 – р≤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–

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 
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for assessing the level of endothelium-dependent 
vasodilation [7].

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).

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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Резюме

ДІАГНОСТИКА ПОСТ-COVID-19 ПОРУШЕНЬ ФУНКЦІЇ ЕНДОТЕЛІЮ
Святослав Я. Костів, Ігор К. Венгер, Борислав П. Сельський, Ольга І. Костів, Андрій Р. Вайда, 
Назар І. Герасимюк, Ігор І. Лойко

Тернопільський національний медичний університет імені І. Горбачевського, м. Тернопіль, Україна

Вступ. Однією з  особливостей COVID‑19, спричиненого вірусом SARS-CoV‑2, є вражаюча неспецифічність 
патологічних процесів, які розвиваються практично у  всіх органах і  системах організму людини. Водночас 
розвиток ендотеліальної дисфункції багатьма дослідниками визначено як патологічний процес, що об’єднує 
ці порушення та вважається первинним патофізіологічним механізмом в ускладнених випадках.
Мета. Пацієнти, які вижили після інфікування COVID‑19 у  2021‑2022 роках (n  = 502), пройшли тест на 
потокозалежну вазодилятацію плечової артерії (FMD).
Матеріали та методи. У  неінвазивному дослідженні ендотеліальної дисфункції (ЕД) її індукували 
пневматичною манжетою, спричиняючи компресію лише на дистальний кровообіг із появою реактивної 
гіперемії. Прояв ЕД оцінювали за зміною діаметра плечової артерії (ПА): він був меншим на 10% порівняно 
з вихідним рівнем або спостерігалася вазоконстрикція.
Результати. Хворих було розподілено на 4 групи за ступенем важкості захворювання. І  група (n  =  262) – 
пацієнти на домашньому карантині з  легкими симптомами (HQM), II група (n  = 183) – госпіталізовані 
з помірними симптомами (HMO), III група (n = 41) – госпіталізовані з важкими симптомами, які потребували 
кисневої терапії (HSV), IV група (n  = 16) – пацієнти у  відділенні інтенсивної терапії (ICU), госпіталізовані 
з  критичними симптомами (HCR). У  пацієнтів IV групи реакція діаметра плечової артерії під час тесту FMD 
у  100% випадків була вазоконстрикцією. У  пацієнтів III групи у  37 (90,2%) хворих виявлено вазоспастичну 
реакцію плечової артерії. У хворих II групи вазоконстрикцію виявлено у 23 (12,6%) пацієнтів, а у 29 (15,9%) 
спостерігалася спастична реакція. В  І  групі у  27 (10,3%) пацієнтів зафіксовано вазоконстрикцію, а  у  31 
(11,83%) – спастичну реакцію на рівні плечової артерії.
Висновки. Ендотелійзалежна вазодилятація, що визначалась за допомогою неінвазивного тесту на 
потокозалежну вазодилятацію плечової артерії (FMD), є практичним і  доступним методом виявлення 
ендотеліальної дисфункції у  пост-COVID‑19 пацієнтів і  дозволяє ідентифікувати хворих із вищим ризиком 
серцево-судинних ускладнень.
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