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The article is devoted to the main pathophysiological links in the development of shortness of breath in Long
COVID and methods of its monitoring. "Long COVID" describes signs and symptoms that develop after acute COVID-
19 and last more than four weeks. The long course of the coronavirus disease, the presence of persistent symptoms
that persist in some patients for more than one year, have become an unprecedented challenge for doctors and
scientists worldwide. Although COVID-19 is no longer an emergency, at least 65 million people worldwide continue
to experience more than 200 symptoms of the disease. Most often, such patients suffer from difficulty breathing.

In the pathogenesis of shortness of breath in Long COVID, in addition to direct viral damage to cells, three main
mechanisms are distinguished: extravasation of exudate into the alveolar space, venous and arterial thrombosis,
multifactorial damage to the myocardium, pericardium, and conduction system.

Shortness of breath in Long COVID is a symptom of multiorgan damage. Therefore it requires multidisciplinary
management and a comprehensive diagnostic search. To detect structural changes in the respiratory system, hyper-
polarized xenon magnetic resonance imaging is the most informative diagnostic method, and gas exchange disor-
ders are a decrease in the diffusion capacity of the lungs for carbon monoxide.

The multisystemic and heterogeneous nature of shortness of breath in Long COVID, the lack of experience and,
often, the absence of significant changes in the results of lung function tests (for example, spirography) requires fur-
ther research aimed at finding optimal predictors of its development and informative methods of diagnosis, further

introduction into practice of scientific achievements.
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Connection of the publication with planned re-
search works.

The work was carried out based on the Department
of Functional and Laboratory Diagnostics of TNMU and is
a fragment of the complex initiative-research of TNMU:
"Comorbidity in the clinic of internal diseases and the
practice of a family doctor: peculiarities of the course of
diseases, the strategy of providing medical care during
global civilizational challenges", state registration num-
ber 0123U100061.

Introduction.

On May 5, 2023, the Director General of the World
Health Organization (WHO) announced in his speech
that the coronavirus disease (COVID-19), caused by
SARS-CoV-2, no longer has an emergency status. Howev-
er, he emphasized that the coronavirus has not stopped
posing a threat. "Last week, COVID-19 claimed a life
every three minutes — and those are just the deaths we
know about. As we speak, thousands of people world-
wide continue to fight for their lives in intensive care
units, and millions more are living with the debilitating
consequences of the coronavirus..." Tedros Adhanom
Ghebreyesus noted [1].

For more than three years since the pandemic was
announced, doctors and scientists almost daily encoun-
tered the epidemiological features of the new virus,
with hitherto unknown symptoms, conducted numer-
ous studies to study them, found out the mechanisms
of development, and developed effective methods of
treatment and influencing factors risk. Significant prog-
ress has been made in many areas, but many questions
remain. One of them is the so-called "Long-COVID".

This term was proposed by the United Kingdom Na-
tional Health Service (NHS) to describe signs and symp-
toms that develop after acute COVID-19 and persist for
more than four weeks [2].

Hannah E. Davis [3] estimates that at least 65 mil-
lion people worldwide have long COVID-19. But, given
the fact that not all such cases are documented, their
number is probably much higher. In Great Britain alone,
according to the Office for National Statistics (ONS), as
of March 5, 2023, 1.9 million people, or 2.8% of the pop-
ulation, reported symptoms of COVID-19 lasting more
than one month. They often indicated fatigue, difficulty
concentrating, shortness of breath, and muscle pain [4].

Since May 2020, when the Italian doctor Elisa Perego
first used the term Long COVID, the number of such pa-
tients has steadily increased. It prompted the WHO to
add a new separate code U09.9 to the International
Statistical Classification of Diseases and Related Health
Problems (ICD) to describe the condition after COVID-19
[5].

Long COVID is a multisystem debilitating disease
with more than 200 symptoms from different organs
and systems. It shares similarities with other viral dis-
eases, such as myalgic encephalomyelitis/chronic fa-
tigue syndrome and postural orthostatic tachycardia
syndrome [3].

Lauren L. O'Mahoney [6] et al. reported the results
of a recent meta-analysis that included 194 studies. Of
the 735,006 COVID-19 survivors who participated, 45%
continued to experience at least one symptom (median
follow-up 126 days), regardless of whether they were
hospitalized during the acute phase of the disease or
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treated as an outpatient. Most of the examined people
complained of fatigue and shortness of breath.

The prevalence of pulmonary symptoms is con-
firmed in other works. K. Guziejko [7] and others indi-
cate that even six months after recovery, 46% of people
have a cough, 23% complain of shortness of breath, and
13% have rapid fatigue as the main symptom. According
to Jose-Ramon Blanko [8] et al., symptoms of respira-
tory dysfunction are observed in patients three months,
six months and 12 months after acute infection.

The presence of shortness of breath and cough is
easy to understand in patients with severe acute SARS-
CoV-2 infection, justifying it by direct viral damage to
cells with angiotensin-converting enzyme type 2 (ACE2)
receptors on their membrane. The virus is tropic to
these receptors, and the level of their membrane ex-
pression in the lung parenchyma is high, especially in
type Il pneumocytes. However, it is surprising that dys-
pnea also occurs in patients with mild disease [9, 10].

The current understanding of the mechanisms of
shortness of breath in Long-COVID remains imperfect.
Some patients have established cardiopulmonary chang-
es after COVID-19, while others may have shortness of
breath despite improvement and normalization of heart
and lung function [11]. Different strains of SARS-CoV-2
continue to circulate, and the risk of post-acute com-
plications remains; a recent study of 56,003 patients in
Great Britain showed that even after Omicron infection,
4.5% of them had long-term symptoms [12].

The aim of the study.

Determination of the main mechanisms of the de-
velopment of shortness of breath, its possible predic-
tors and methods of monitoring in patients with Long
COVID based on world experience by analyzing available
informational and literary sources.

Object and research methods.

During the research, scientific publications with a
high citation index, available on the Internet on the pro-
fessional platforms Google Scholar, MEDLINE/PubMed,
and Index Medicus over the last decade, were processed.
The search terms in English were used: "Dyspnea",
"Shortness of breath", "Pulmonary Function Tests/PFT",
"COVID", "Long COVID", and "Pulmonary rehabilitation"
to search for potentially relevant materials. Analytical,
bibliosemantic research methods are applied.

Main part.

The consensus statement of the American Thoracic
Society (ATS) defined dyspnea as “a term used to de-
scribe the subjective sensation of breathing discom-
fort...which results from the interaction of a variety of
physiological, psychological, social, and environmental
factors” [13].

Patients describe this discomfort in different ways:
for some, it is a feeling of excessive effort during breath-
ing; for others — compression in the chest; others com-
plain of a lack of air during inhalation or difficult exhala-
tion. According to many authors, this discomfort mainly
occurs due to damage to the cardiovascular or respira-
tory systems, but it can be associated with metabolic,
neuromuscular or psychogenic disorders [14, 15].

Three main components are involved in the patho-
genesis of shortness of breath: central processing of
information, its afferent and efferent transmission. The
afferent component determines the need for ventilation
through chemoreceptors in the carotid bodies and me-

dulla that provide information about blood gas levels of
0,, CO,, and H*, pulmonary juxtacapillary receptors are
sensitive to pulmonary interstitial oedema, while stretch
receptors signal bronchoconstriction, and muscle spin-
dles in the chest wall signal the stretching and tension
of the respiratory muscles. Efferent signals are motor
neuron signals descending to the respiratory muscles,
mainly the diaphragm. Central processing is carried out
by neurons in the medulla oblongata and pons. They
compare afferent and efferent signals. Shortness of
breath occurs when there is a discrepancy between the
need for ventilation (afferent link) and its provision (ef-
ferent link). It is a symptom of multiorgan damage. The
most common causes of shortness of breath are cardiac
and pulmonary pathologies. Less often, it can be a mani-
festation of anaemia, acidosis, gastroesophageal reflux,
a side effect of using certain medications, etc. [14].

Their common feature is the lack of pathognomonic
shortness of breath and the non-specificity of the clini-
cal manifestations of Long COVID. Scientists describe 50
to 200 different symptoms in patients with a long course
of this viral disease [3, 16, 17]. A significant proportion
of patients had no health problems before infection with
SARS-CoV-2. The diversity, variability, and cyclicity of
symptoms are striking: cardiovascular, thrombotic, and
cerebrovascular diseases [18], type 2 diabetes [19], my-
algic encephalomyelitis/chronic fatigue syndrome (ME/
CFS) [20, 21] and dysautonomia, especially postural or-
thostatic tachycardia syndrome (POTS) [22]. It is far from
a complete list of diseases that develop in patients after
acute COVID-19. And almost every one of them can be
manifested by difficulty breathing.

Given the heterogeneity of clinical manifestations, it
seems likely that these diverse prolonged phenotypes of
COVID are driven by different pathophysiologies. How-
ever, the results of several studies, with careful selection
criteria based on the mechanisms and location of the
lesion, indicate their common links (fig. 1) [3, 12, 23].

Thus, Felicity Liew [12] et al. refer to the work of a
group of authors who described increased expression in
monocytes of chemokine receptor type 6 (CXCR6) and
glycoprotein ligand P-selectin 1 (PSGL1) in patients with
dyspnea after COVID-19, which plays an essential role
in the process of leukocyte retention and rolling on the
surface of the vascular endothelium, the initial stage of
binding, sequestration and transmigration of leukocytes
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Figure 1 — Common symptoms associated with Long COVID
and possible underlying pathophysiology [12].
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RECOVERY: CompREhensive Post-COVID CentER at Yale
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Figure 2 — Model of clinical recovery [47].

for judging the mechanisms
of shortness of breath in

Notes: 6MWT = 6-min walk test; CPET = cardiopulmonary exercise testing; CTA = CT angiogram; Echo = Long COVID is the assess-

echocardiogram; HRCT = high-resolution CT; OT = occupational therapy; PFT = pulmonary function test;
PT = physical therapy; RECOVERY = Comprehensive Post-COVID Center at Yale; sx = symptoms; VQ =

ventilation-perfusion scan [47].

during an inflammatory reaction. Both can promote cell
migration into lung tissue. The specificity of these re-
sults for lung damage after COVID is confirmed by the
fact that these features in the monocyte phenotype
were not observed in patients with progressive fibrotic
interstitial lung disease and individuals with respiratory
syncytial virus infection and influenza [24, 25]. The au-
thors suggest that lung injury caused by monocytes may
cause dyspnea after COVID-19.

Rochelle Knight [26] and co-authors pay attention to
the development of thrombosis after the acute period of
the coronavirus disease. They note that even 49 weeks
after the diagnosis of COVID-19, the rate of thromboem-
bolic events remains high, and their regression occurs
faster in arteries than in veins. Increased blood coagula-
tion in the veins is clinically manifested mainly by pul-
monary embolism, deep vein thrombosis of the lower
extremities, etc., and arterial thrombosis develops tis-
sue ischemia and necrosis (most often — myocardial in-
farction and ischemic stroke), and this can also explain
lung inflammation caused by monocytes [26, 27]. This
assumption is supported by the fact that some patients
with dyspnea after COVID-19 have extremely «subtle»
structural changes in the lungs that are only detected
by advanced imaging techniques, such as hyperpolar-
ized xenon magnetic resonance imaging, and are not
detected by routine radiographic examinations. In ad-
dition, they have a decrease in the diffusion capacity
of the lungs for carbon monoxide (DLCO), which indi-
cates a violation of gas exchange, which is observed in
thromboembolic disease and monocytic damage of the
alveolar-capillary membrane [12].

According to many scientists, DLCO most often re-
flects disorders in the respiratory system during Long
COVID. It has been confirmed that even one month after
discharge from the hospital, a decrease in DLCO is the
most common manifestation of pulmonary dysfunction
in people who have contracted it [7, 28, 29, 30].

In clinical practice, pulmonary function tests (PFT)
are also helpful for substantiating the causal relation-
ship between persistent dyspnea and inflammatory
lung tissue damage. Since they are the most informa-

ment of saturation in physi-
cal exercise tests: the 3
— or 6-minute walk test
(3/6MWT) or the 1-minute sit-to-stand test (IMSTST)
[36, 38-40]. Desaturation (decrease in SpO, to 80%) dur-
ing exercise has a direct correlation with spirometry and
X-ray examination data [37], pO, and pCO, values in ve-
nous blood [40], the severity of clinical symptoms and
DLCO level, which may be a consequence parenchymal
and/or pulmonary vascular phenomena [41].

Mechanisms influencing the pathophysiology of
persistent COVID-19 include direct pulmonary and ex-
trapulmonary viral cytotoxicity and virus-independent
processes such as immune dysregulation and perivas-
cular inflammation that contribute to the breakdown
of the endothelial-epithelial barrier with the invasion of
leukocytes (monocytes and neutrophils) and seepage of
exudate from blood vessels into tissues. It has been ob-
served that they can affect several organs/systems [42].
First, extravasation of exudate into the alveolar space,
as observed in other forms of acute respiratory distress
syndrome (ARDS), can lead to the development of pul-
monary fibrosis [43].

Secondly, the activation of inflammatory mecha-
nisms (damage to the endothelium, initiation of the
complement system reaction cascade, interaction of
platelets and leukocytes, extracellular neutrophil traps,
release of pro-inflammatory cytokines and impaired co-
agulation) leads to venous thromboembolism (VTE) and
arterial occlusions [44, 45].

Third, the development of cardiovascular complica-
tions in the post-acute period of COVID-19 is associated
with direct damage to target cells, inhibition of ACE2,
immunological damage, and potential inflammation of
the myocardium, pericardium, and conduction system.
In addition, pro-inflammatory cytokines (interleukin-1
(IL-1), IL-6 and tumour necrosis factor) contribute to the
development of arrhythmias due to increased produc-
tion of catecholamines [45].

Patients with clinically significant dyspnea had worse
sleep, mood, quality of life, and weakness 12 months
after COVID infection than patients without dyspnea.
Dyspnea severity and depressive symptoms three
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months after COVID were the only predictors of dyspnea
severity 12 months after COVID [11].

It is quite difficult to give an unequivocal answer
to the question «Whether shortness of breath is a di-
rect consequence of COVID-19, or developed after it,
or caused by factors such as pulmonary fibrosis, expo-
sure to intensive care or drugs used during treatment in
acute period, etc.» [46].

With this in mind, Lutchmansingh DD [47] with co-
authors propose the following approach to the man-
agement of patients with prolonged COVID within the
comprehensive program «RECOVERY» (CompREhensive
Post-COVID CentER at Yale), developed at Yale Univer-
sity (fig. 2).

The main goals of RECOVERY are to provide a com-
prehensive assessment of complications after COVID-
19, to characterize and reduce pulmonary complica-
tions, and to address persistent symptoms experienced
by people who have survived COVID-19.

The standard initial diagnostic evaluation includes a
comprehensive review of clinical pulmonary symptoms,
pulmonary function tests (PFT, including spirometry, de-
termination of lung volumes), diffusion capacity, assess-
ment of exercise tolerance, and repeat imaging (chest
radiography or high-resolution CT).

In the case of detecting extrapulmonary pathology,
which may cause shortness of breath, it is worth using
a multidisciplinary approach involving specialists from
other fields: cardiology, neurology, psychiatry, haema-
tology, otolaryngology and sleep medicine, etc. It can
be implemented through electronic/telemedicine con-
sultations or, where appropriate, formal clinic consulta-
tions. Appointment of additional laboratory and instru-
mental studies should be individually adapted to each
patient —following the course of the disease, comorbid-
ities, previous laboratory changes, existing symptoms,
etc. [28, 38, 47].
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Long COVID is relatively new. The lack of experience
and pronounced polyorganism of symptoms creates
obstacles in choosing the optimal clinical strategy and
prompts the search for causal mechanisms and informa-
tive diagnostic methods.

Conclusions.

From the above, it follows that in the pathogen-
esis of shortness of breath in Long COVID, in addition
to direct viral damage to cells, extravasation of exudate
into the alveolar space, venous and arterial thrombosis,
multifactorial damage to the myocardium, pericardium,
and conduction system play an essential role. Therefore,
hyperpolarized xenon magnetic resonance imaging is
the most informative method of diagnosing structural
changes in the respiratory system, and gas exchange dis-
orders are decrease in the diffusion capacity of the lungs
for carbon monoxide. But the multiorgan and heteroge-
neous nature of shortness of breath requires multidis-
ciplinary management and a comprehensive diagnostic
search.

Prospects for further research.

It is essential to continue to search for informative
markers to improve the interpretation of subtle changes
in spirometry, such as cardiopulmonary exercise testing
or immunological status.

No less important is the identification of predictors
of prolonged shortness of breath. Age and the sever-
ity of acute COVID-19 (assessed by saturation index,
need for mechanical ventilation, radiological changes,
D-dimer level, T-cell count, and interleukin-6) appeared
to be the best predictors of changes in DLCO and pul-
monary function tests. Perhaps these parameters can
also serve as informative criteria for shortness of breath
post-COVID period and help prevent its development.
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CYYACHI NATOTEHETU4YHI TA OIATHOCTUYHI ACNEKTU 3AAULLUKU NMPU LONG COVID
TepHONiNbCbKMIA HaLiOHANbHUI MegUYHMIA YHiBepcuTeT
imeHi 1.1. Top6auyeBcbKoro (m. TepHoninb, YKpaiHa)
2BiHHMLbKKIA HaLiOHaNbHUIT MepuuHMii yHiBepcutet imeHi M.I. Muporoea (m. BiHHMuA, YKpaiHa)
bakalets@tdmu.edu.ua

Cmamms npucea4eHa 0CHOBHUM NAMOogiziono2iyHUM AaGHKAM po38UMKY 3a0uwKu rnpu Long COVID ma memoodam
iT moHimopuHey. TepmiH «Long COVID» sukopucmosyemocsa 045 ONUCY 03HAK MA CUMITMOMI8, AKi po38U8aroMbCs
nicaa eocmpoeo COVID-19 ma mpusarome noHad 4 muxcHi. lposoHeosaHuli nepebie KOpoHasipycHoi xeopobu,
HasAsHicmb cmilikux cumnmonmis, AKi 36epizatomscs y 0edakux nayieHmis noHad 1 pik, cmanu 6e3npeuyedeHmHUM
BUK/IUKOM 0718 MeOuKie i HayKosuie ecbo2o ceimy. Hessaxcaroyu Ha me, wjo COVID-19 exe He mae cmamycy
Had3su4aliHoi cumyayii, woHalimeHwe 65 minblioHie nodeli y scbomy ceimi npodosxcyrome giouyeamu noHao 200
cuMnmMomie 4b020 3ax80pto8aHHA. Halivacmiwe makux nayieHmie mypbye ympyoHeHe OUXAHHA.

Y namoeeHesi 3a0uwku npu Long COVID oKkpim nNpsamoezo 8ipyCHO20 MOUWKOOHEHHSA KAIMmUH 8udindioms mpu
OCHOBHUX MEXaHi3MU: eKcmpasa3ayis ekcyoamy e anseeonapHull npocmip, seHo3HUl ma apmepiansHUli mpom6o3,
6azamocghakmopHe ypaxceHHA MioKapoa, nepukapda ma npoesioHoi cucmemu.

3aduwka npu Long COVID € cumnmomMom nosniop2aHHO20 ypareHHS, momy nompebye MyabmuoucyunaiHapHo20
meHedHMeHmy ma 8cebiyHo20 0ia2HOCMUY4YHO20 NowyKy. [11a sussneHHA cCmpyKmypHUX 3MiH OuxasabHOi cucmemu
HaliHpopmamusHiwum mMemodom 0OiaeHOCMUKU € 2inepronsapu308aHd KCEHOHOBA MUA2HIMHO-PE30HAHCHA
momoepadis, a nopyweHs 2030006MiHy — 3HUMXCEHHSA Ougy3iliHoI 30amHocMi f1e2eHb 30 MOHOOKCUOOM 8Yya/euyio.

MynbmucucmemHa ma eemepoz2eHHa Npupoda 3a0uwKu rnpu Long COVID, HedocmamHicme doceidy ma, yacmo,
8i0CymHicmb 3HAYyWUX 3MIiH Yy pe3ysbmamax nez2eHesux (yHKYiOHAAbHUX mecmie (Hanpukaao, cnipoepadii),
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nompebye nodanbwux 00CAIOHEHb, CIPAMOBAHUX HA MOWYK ONMUMAAbHUX rpedukmopie il possumky ma
iHpopmamueHux memoodie diazHOCMUKU, M00AAbUWUM 8MPOBAOHEHHAM Yy MPAKMUKY HOYyKo8UX 3006ymkis.

Knrwouoei cnosa: 3a0uwika, ympyoHeHe OUXAHHA, hyHKUiOHAnbHI nezeHesi mecmu/®/1T, COVID, mpusanuli

COVID.

38'A30K ny6nikauii 3
pocnigHumu pobotamu.

PoboTa BMKOHaHa Ha 6asi kKadegpu dyHKLiOHaNbHOT
i nabopatopHoi giarHoctukn THMY i € dparmeHTOM
KOMMNAEKCHOI  iHilLiaTuBHO-nowykosoi HAP THMY:
«KomopbigHicTb B KAiHiUi BHYTpPilWHiIX XxBopob i B
npaKkTuLi cimeltHoro nikapa: ocobausocTti nepebiry
3aXBOPIOBaAHb, CTpaTeria HalaHHA MeANYHOI 4ONOMOrM B
yac rnobanbHUX UMBINI3aLIMHUX BUKAUKIBY», AepiKaBHUN
peecTpauiiHnit Homep 0123U100061.

Bcryn.

5-ro TpaBHs 2023 poOKy reHepanbHUN AUPEKTOP
BcecBiTHbOI opraHisauii oxopoHun 3mopos’a (BOO3) y
CBOI NPOMOBI NOBIAOMMWB MPO Te, LLO KOPOHaBipycHa
xBopoba (COVID-19), cnpuumHeHa SARS-CoV-2, binblue
He Mae cTaTycy HagsBuyalHoi cuTyauii. OaHak, BiH
HaroJIocmB, WO KOPOHABIpPYC HE MPUMUHUB CTAHOBUTU
3arposy. «MwuHynoro TmxHa COVID-19 3abupas XKuTTA
KOXHi TPU XBUAWHU — i Ue uwe Ti CMepTi, Npo AKi
BifoMO. MOKM MM 3 BamM roOBOPMMO, TUCAYI Atogel no
BCbOMY CBIiTy NPOAOBXKYIOTb 60POTHOY 32 CBOE XKUTTA Y
BiAAiNeHHAX iIHTEHCMBHOI Tepanii i Wwe MinbUOHW KUBYTb
3 BWCHAX/IMBMMM HACNiJAKaMW KOPOHaBipycy...», —
3ayBakmB Tedros Adhanom Ghebreyesus [1].

MoHaa, Tpu poKuW, BigKonu 6yno oronoweHo npo
naHgemito, nikapi Ta HayKOBL,i UM He LWOAHA CTUKAAUCh
3 enifemionoriyHMMmn ocobMBOCTAMM HOBOTO Bipycy,
3 HEeBiJOMMMW [OHMHI CMMMNTOMamMu, MNPOBOAUNAU
YncenbHi AOoCNigKeHHA AnA X BMBYEHHS, 3'AcoByBanm
MexXaHi3MK1 PO3BUTKY i po3pobnann edekTUBHI meToan
NiKyBaHHA Ta BNAMBY Ha aKTopu puU3MKy. Y BaraTbox
HanpsamKax 6yn0 [JOCArHYTO 3HAYHMX YChixiB, ane Bce
e 3anuWaeTbea 6arato nuTaHb. OAHUM 3 HUX € TaK
3BaHUI «Long-COVID».

Lein TepmiH HauioHanbHa cay:k6a 0OXOpoHMU
3gopoB’a Benunkobputanii (United Kingdom National
Health Service, NHS) 3anponoHyBana ana onucy o3Hak
Ta CUMNTOMIB, AAKi po3BMBatoTbCA Nicna roctporo COVID-
19 Ta TpmBatoTb NOHAA 4 TUXKHI [2].

Hannah E. Davis [3] npunycKkae, Wo y BCbOMy CBITi
matoTb Tpusannin COVID-19 woHameHLwe 65 minblioHiB
ntoaei. Ane, 3BaXKatoum Ha Te, LLO He YCi Taki BUNagKu
3340KYMEHTOBAHO, iX KiNbKiCTb, MMOBIPHO, 3Ha4yHO
6inbwa. inwe y BennkobpuTtaHii, 3a faHUMM YnNpaBaiHHA
HaLioHaNbHOI CTaTUCTUKM L€l KpaiHu (ONS), ctaHOM Ha
5 6epesHa 2023 poky 1,9 minbiioHiB ntoaei, To6To 2,8%
HaceneHHsA, nosigomnanm npo cumntomm COVID-19, aki
TpuBanu noHaz 1 micaub. HalyacTiwe BOHM BKasyBaau
Ha BTOMY, CK/TQfHOLLi 3 KOHLLEHTPaL,i€l0 yBaru, 3aMLwKy
Ta 6inb y m’szax [4].

Bia TpaBHAa 2020 poKy, Koau Bheplwe 6yB
BUKOpUCTaHMN TepmiH Long COVID iTaniicbKowo
nikapkoto Enisoto lMepero, KinbKicTb TaKMX MaLLiEHTIB
HeyKniHHO 36inblyeTbea. Lle cnoHykano BOO3 gopatu
B MixXHapoaHy CTaTUCTUYHY Knacuodikauilo XBopob
Ta npobnem, nos'szaHux 3i 3p0pos'am (MKX) HoBui
okpemuit kog, U09.9 ana o3HaueHHs cTaHy nicna COVID-
19 [5].

[osruit COVID — ue MynbTUCUCTEMHE BUCHAXK/UBE
3aXBOPIOBaHHSA, Aike mae noHag 200 cumnTomis 3 6OKyY

n1aHOBMMU  HAYKOBO-

pi3HMX OpraHiB i cuctem. BOHO BMABAAE CXOXiCTb 3
iHWWMW  BIPYCHMMM 3aXBOPIOBAaHHAMMW, TaKUMKU AK
MianriyHnn eHuedanomienit/cMHAPOM XPOHIYHOT BTOMM
Ta CUHAPOM NOCTYpPasbHOI OPTOCTaTUUHOI Taxikapaii [3].

Lauren L. O’Mahoney [6] Ta cnisaBTopu HaBenu
pe3ynbTaT HeLLoAaBHbOTO MeTaaHanisy, Wo BK/OYaB
194 pocnigkeHHAa. 3 735006 ocib, Aki nepexunm
COVID-19 i B3anu y HboMy y4yacTtb, 45% nponosKysanu
BiguyBaTM MNPWHANMHI OAMH CcMMNTOM (cepepHin
nepios cnocTepeskeHHn cknagas 126 AHiB) He3anexHo
BiZ, TOro, UM BOHW BynuM rocniTaniaoBaHi y roctpomy
nepioAi 3axBOPIOBAHHA, YM JliKyBaHHA NpPOBOAMJIOCA
ambynatopHo. binblicTb 06CTEXEHUX CKapKUAUCA Ha
BTOMY Ta 3a4MLLKY.

MpeBantoBaHHA nereHesoi CMMNTOMATUKN
niaTBEpPAKYETLCA i B iHWKX poboTax. K. Guziejko [7] Ta
iHLW. BKa3ylTb Ha Te, WO HaBiTb Yepe3 6 micAuis nicaa
oayKaHHA 46% ocib matoTb Kawenb, 23% CKapKaTbCA
Ha 3agMWKy, a Y 13% OCHOBHMM CMMNTOMOM € LUBMAKA
BTOM/IIOBaHICTb. 3a AaHMMK Jose-Ramon Blanko [8] et
al. cumnTomMM AmMxanbHOT ANCPYHKLiT cnocTepiraoTbes y
nauieHTiB Yepes 3 micAaui, 6 micAuis Ta 12 micAuis nicna
rocTpoi iHpeKLUii.

HaAaBHICTb 3a4MLWKN Ta KAl NErko 3po3ymith y
naujienTiB i3 TAXKow roctpoto SARS-CoV-2 iHdeKuiero,
0B6rpyHTOBYIOUN i MPAMUM BipyCHUM MOLIKOAMKEHHAM
KNITUH, AKi MaloTb Ha CBOIM MembpaHi peuenTopu
QHriOTEeH3MHNEepPeTBOPOBaNbHOIO GEepMeHTy Apyroro
Tuny (ANd2). Bipyc TponHui A0 UMX peuenTopis, a
piBeHb X mMembpaHHOI eKcnpecii B napeHximi nereHb
BMCOKWUIN, ocobnmeo y nHesmoumTax Il Tuny. OpHak
OVBHO crnocTepiraTi Te, WO 33a4MLLIKA TaKOX BUHUKAE Y
naLi€eHTIB 3 IerkMm nepebirom xsopobu [9, 10].

CyyacHe pO3YMIHHA  MeXaHi3MiB  BUHUKHEHHA
3agmwkm npm Long-COVID 3anMWaEeTbCA HEAOCKOHAIUM.
[eAki naLieHT MatoTb KOHCTATOBaHI CepLeBO-NereHesi
3MiHM nicna COVID-19, B TOM 4Yac y iHWMX 33a4MLUIKa
MoOe 3b6epiraTuca, He3BarkaluM Ha NOAIMNWEHHA i
HopMani3auito GyHKUii cepus i nereHb [11]. PisHi wtamu
SARS-CoV-2 npoaoBXKYKOTb UMPKYIOBATU, | PU3BKK
NOCTrOCTPUX YCKAAZHEHb 3a/IMLAETLCA; HEeL0AaBHE
pocnigxeHHs 56 003 nauieHTiB y Benukin BpuTaHii
NoKasaso, Wo HaBiTb nicaa iHdikyBaHHA Omicron 4,5%
3 HUX MaJIM TPUBANY CUMMITOMATUKY [12].

MerTa gocnigyKeHHs.

BM3HayeHHA OCHOBHUX MeXaHi3MiB PO3BWUTKY 3a-
OVLWLKN, TI MOXAMBUX NPeauKTopiB Ta cnocobis MOHi-
TOPWHIY y NauieHTiB 3 Long COVID Ha ocHOBI cBiTOBOro
O0CBiAY WAAXOM aHaNi3y AOCTYNHUX iIHPOPMALiMHMX Ta
NiTepaTypHUX gxKepen.

06’eKT Ta meToau AOoCNiaKeHHA.

Y xoai pocnigreHHs 6yno onpauboBaHO HayKo-
Bi nybnikalii nepeBa’kHO 3 BMCOKUM iHAEKCOM LMUTY-
BaHHA, AKi AOCTynHi y mepexi «Internet» Ha daxoBux
nnatbopmax GoogleScholar, MEDLINE/PubMed Ta
Index Medicus 3a ocTaHHE AecATUAITTA. [nAa nowyky
NOTEHLiNHO penieBaHTHUX MaTepianis byno BUKOpUCTa-
HO MOLUYKOBI TEPMiHW aHTNiNcbKo moBoto: “Dyspnea”
“Shortness of breath”, “Pulmonary Function Tests/PFT*,
“COVID”, “Long COVID”, “Pulmonary rehabilitation”. 3a-
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CTOCOBaHO aHaNiTU4HUKN, BibniocemaHTUYHUIT MeToaum
DOCNIJKEHHA.

OcHOBHa YacTuHa.

KoHceHcycHa 3aaBa AMEpPUKaHCbKOro TopaKasibHOro
ToBapucTea (ATS) BU3HaUMNA 33 QULLIKY AK KTEPMIH, KU
BMKOPUCTOBYETLCA OJ/1A XapPaKTEPUCTUKM cyb’ EKTUBHOTO
BiAYYTTA ANCKOMOPTY NPU AUXAHHI..., IKe € pe3ynbTa-
TOM B3a€EMOZIT Pi3HOMaHITHMX Qi3ionoriyHmx, ncmxono-
rYHMX, COLiaNbHUX YMHHMKIB Ta aKTOPiB HABKOAMLL-
HbOro cepesosuwa» [13].

MaujieHT No-pisHOMy OnNUCYHTb Lei anckomdopT:
ONA OOHMX Ue BigvyTTa HaAMIipHOro 3ycunns mif yac
OVXaHHA, ONs APYrUX — CTUCKAHHA Yy TPyaHiA KaiTuj,
iHLI CKaprKaTbCA Ha HecTayy MoBiTPA Nig Yac BaAnxy abo
YTPYOHEHUIM BUAMX. 32 AaHMMKU BaraTbox aBTOPIB LEW
ANCKOMPOPT MepeBakHO BWMHWMKAE AK HACNILOK ypa-
KEeHHA cepLeBo-CyauHHOI abo AMxanbHOI cucTem, ane
MOKe 6yTn nos’s3aHui i3 meTaboniyHMMKU, HEepPBOBO-
m’s30BMMM abo NcuMxoreHHMMM posnagamu [14, 15].

B naTtoreHesi 3aguLWKN 6epyTb y4acTb TPU OCHOBHI
KOMMOHEHTU: LieHTpasbHa 0bpobka iHpopmalii, ii ape-
peHTHa Ta epepeHTHa nepegayva. ApepeHTHa ck1agoBa
BM3Ha4ae nNoTpeby y BEeHTUAALLT Yyepe3 xemopeLenTopu
B KapOTUAHMX TiNbLUAX i MO3KOBIN pPeYoBUHI, WO Hada-
t0Tb iHdopMaLito Npo piBeHb rasis kposi 0,, CO, i H*, ne-
reHeBi IOKCTaKaNiNApHi peLenTopu YyTamBi 4O NyJbMO-
HaNbHOTO IHTEPCTULIMHOro HabpPAKY, TOAI AK peLenTopu
pPO3TAryBaHHA CUFHANI3yOTb NPO BPOHXOKOHCTPUKLLiIO,
a M'A308Bi BepeTeHa B rpyaHii CTiHLi CMrHani3yoTb Npo
PO3TArHEHHA | Hanpyry AuxanbHUX M’A3iB. EpepeHTHi
CUTHaNN — e CUTHANN PYXOBUX HEWPOHIB, WO ChycKa-
IOTbCA A0 AMXaNbHUX M'A3iB, OCHOBHUM 3 fIKUX € fia-
¢parma. LeHTpanbHa 0b6pobKa npoBOAUTLCA HENpo-
HaMWM, AIKi PO3TALLOBaHi Y AOBraCTOMY MO3KYy Ta MOCTI.
BoHM nopiBHIOIOTb adepeHTHi Ta edepeHTHi curHanu.
3aAMLIKa BUMHMKAE TOAi, KOMM € HEBIiAMOBIAHICTb MiX
notpeboto y BeHTUAALIT (adepeHTHa NaHKa) Ta ii 3abes-
neyeHHsm (edpepeHTHa naHka). Lle cumntom mynbtu-
OPraHHOro ypayKeHHA. HannowmpeHiwmmmn npuinHamm
3aMLLKM € CepLeBa Ta siereHeBa NaToNorii, pialwe BoHa
MoXKe B6yTM npoABOM aHemii, aumaosy, ractpoesooda-
ranbHoro pedatokey, NobivHMM edeKToM BUKOPUCTAHHSA
OEeAKMX MegMKaMeHTiB Towo [14].

BifCyTHICTb NAaTOrHOMOHIYHOCTI 3a4MLLKK Ta Hecne-
UMPivHicTb KNiHiYHMX Nnpoasie Long COVID € ix cninbHoO
O3HaKoto. BueHi onucytoTb Big 50 o 200 pisHOMAHITHUX
CMMMNTOMIB Yy MALEHTIB 3 TpMBaAMm nepebirom Liei Bi-
pycHoi xBopobu [3, 16, 17]. 3HayHa YaCTKa XBOPUX He
manu npobnem 3i 340poB’AM A0 3aparkeHHs SARS-
CoV-2. Pi3HOMaHITHiCTb, BapiabenbHiCTb, UMKNIYHICTb
CMMMTOMIB BPAXKa€E: CEPLEBO-CYANHHI, TPOMBOTUYHI Ta
LepebpoBacKkynspHi 3axBoptoBaHHA [18], giabeT 2 Tnny
[19], mianriyHmit eHuedbanoMienitT/cMHAPOM XPOHIYHOT
sTomn (ME/CFS) [20, 21] Tta aucasToHOMIA, ocoban-
BO CMHAPOM MOCTYPaNbHOI OPTOCTAaTMYHOI TaxiKapAii
(POTS) [22]. Lle maneko He NoBHUIA Nepenik XBopoo, sKi
pPO3BUBAtOTLCA Y MaLieHTIB nicnsa roctporo COVID-19. |
NPaKTUYHO KOMKHA 3 HUX MOXKEe MPOABAATUCA yTpyaHe-
HUM ONXAHHAM.

BpaxoBytounm HeoaHOPIHICTb KAIHIYHMX NpPOoABIB,
3[Q€ETbCA MMOBIPHUM, WO Li Pi3HOMAHITHI MPONOHTO-
BaHi ¢eHoTMnn COVID 0bymoBAOIOTLCA HEOAHAKOBO
natodisionorieto. MNpoTe, pesynbtat pagy AOCAIAKEHD,
3 peTeNbHUMM KpUTepiamm Bigbopy 3a MexaHismamu Ta
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‘ 1. Thrombosis m"
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PucyHok 1 — 3aranbHi cumntomm, nos’sasaHi 3 Long COVID,
i MoXknMBa ocHoBHa natodisionoria [12].

NIOKaNi3auieo yparKeHHA, 3a3Ha4YaloTb iX CMiNbHI NaHKK
(pmc. 1) [3, 12, 23].

Tak, Felicity Liew [12] et al. nocunatoTbes Ha pobo-
TV FPynu aBTOPIB, AKI ONUCANM Y NALLIEHTIB i3 3a4ULKOIO
nicna COVID-19 nocuneHy eKcnpecito B MOHOUUTaxX pe-
Luentopa XxeMokiHy 6-ro Tuny (CXCR6) i rnikonpoTeiHoBo-
ro niraHaa P-cenektuHy 1 (PSGL1), Akuii Bigirpae Bax-
JIUBY PO/b y NPOLLECi 3aTPUMKM Ta POAIHTY NIeNKOLUTIB
Ha MOBEPXHi EeHJOoTenito CyauH, NOYaTKOBOrO eTany
3B’A3yBaHHA, CEKBECTPaL,ii Ta TpaHCMIirpau,ii neikounTis
npu 3ananbHiii peakuii. Obuasa MOXKyTb CNPUATU Mi-
rpauii KNiTUH y nereHeBy TKaHWHY. CneundiyHicTb Lmx
pes3ynbTaTiB WOAO0 NOLWKOAXKEHHA nereHb nicna COVID
niaTBEPAXKYETbCA TUM, WO Li ocobamsocTi y deHoTUNI
MOHOUMTIB He CMOCTePiranCb y NaLieHTIB 3 Nporpecy-
to4oto Gibpo3HO iHTEPCTULIMHOK XBOPObHOK NereHb
Ta 0cCib, AKi NnepexBopinn pecnipaTopHO-CUHUUTIaNbHOO
BipycHoto iHdeKLUieto | rpunom [24, 25]. AsTopu npunyc-
KatoTb, LLLO YPaXKeHHA iereHb, BUKMKAHE MOHOLMTAMMU,
MOe CNPUYNHATKU 3aguMWKy nicna COVID-19.

Rochelle Knight [26] i cniBaBTOpM 3BEpTatOTh yBAry Ha
PO3BUTOK TPOMBO03iB Nicns rocTporo nepiogy KOpoHasi-
pycHoi xBopo6bu. BoHM 3a3HayatoTh, LLLO HaBiTb Yepes 49
TUXKHIB MicnA BCcTaHoBAeHHA AiarHo3y COVID-19 yactoTa
TPpoMbB0eMBONIYHNX MOAIN 3aNULLIAETLCA BUCOKOHD, a iX
perpec wauaLwe BiabyBa€eTbCA B apTepiax, HiXK y BEHaX.
MocnneHHA 3ropTaHHA KPOBI Y BEHAX KNiHIYHO NpoABAaA-
€TbCA NepeBaxKHO Tpombembonieto nereHeBUX apTepin,
TPOMB030M FMIMOOKMX BEH HUMKHIX KiHLIBOK TOLLO, @ Npw
apTepiasibHOMYy TPOMb603i pO3BMBatOTLCA ilLEeMis Ta He-
KpPO3 TKaHWH (HaluacTiwe — iHpapKT miokapaa Ta iwe-
MIYHUIA IHCYNbT), | e TAaKOXK MOMKe NMOACHUTU 3anasNeHHn
NlereHb, BUKAUKAHE MoHouuTamu [26, 27]. Ue npuny-
LEeHHSA NiATBEPANKYETbCA TUM, LLO AeAKi NaALEHTH i3 3a-
auuwkoto nicna COVD-19 matoTb Haa3BUMYAMHO «TOHKI»
CTPYKTYPHi 3MiHM B NereHaAx, AKi BUABNAKOTbLCA AnLLe 33
[0MOMOrol0 nepefoBUX METOAIB BidyanisaLii, Takux Ak
rinepnonAapn3oBaHa KCEHOHOBA MarHiTHO-pe30HaHCHa
Tomorpadia, i He BM3HAYAKOTLCA NPU PYTUHHUX PEHT-
reHorpadiyHnx obcTekeHHAX. Kpim TOro, BOHM MatoTb
3HUMKEHHS AndY3inHOT 34aTHOCTI IereHb 33 MOHOOKCH-
aom syrneuto (DLCO), AKe CBIAYMTb NPO NOPYLIEHHA ra-
3006MiHY, WO CnocTepiraeTbcsa npu TpoMmb60emb0oniuHil
XBOPO6i Ta MOHOLMTAaPHOMY MOLUKOAMKEHHIO a/ibBEO-
NAPHO-KaninapHoi membpanu [12].
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Ha aymKy 6araTbox ByeHux, came DLCO HaliyacTiwe
BiAA3EPKa/IlOE MOPYLIEHHA Y AUXaNbHIA cucTemi npu
Long COVID. MigTBepaskeHo, Wwo B ocib, AKi HUM nepe-
XBOPI/IM, HaBiTb Yepe3 1 micAub NicnA BUNUCKKM 3 NiKap-
Hi, 3HMKeHHA DLCO € HalnowupeHiwmm npoasBomM no-
pyweHHAM dyHKLT nereHb [7, 28, 29, 30].

B KNiHIYHIA npaKTULi ana obrpyHTyBaHHA MPUUMH-
HO-HaCNiKOBOro 3B’A3KY MiX CTiMKOK 3aAMLLIKOK Ta
3aMaZibHUM MOLWIKOAMKEHHAM NEereHeBoi TKAHWHWU Ko-
PUCHUMM TaKOXK € NiereHesi dyHKLUioHanbHi Tectn (1PT/
PFT). OcKinbKn BOHM HaliHpOpMaTMBHIWI WoA0 Nopy-
WeHb GYHKLUIT 30BHiWHbOro AnxaHHA [31, 32, 33], oco-
611MBO 0O6CTPYKTUBHUX NopyLUeHb [32, 34, 35], npu Long
COVID ix pe3ynbTaTv 4acTo HEOA4HO3HaYHI i BUMaratTb
peTenbHOoi iHTepnpeTaii 3 ornaay Ha po3ymiHHA disio-
norii HoBOro 3axsoptoBaHHA [12]. Tak, 06CcTpyKTUBHI abo
PecTpUKTUBHI 3miHM Byno BuAsneHo y 17% ocib, nepe-
BAYKHO MiCcNA TAXKKOI NHEBMOHIi, AKa 3rogom TpaHcdop-
MyBaJiacb y nereHesuii ¢ibpos [36, 37].

ANbTEPHATUBHOK METOAMKOI ANA CYAXKEHHA NpO
mexaHiamu 3aguwkm npm Long COVID € ouiHOBaHHA ca-
Typauji B Tectax 3 ¢pisMYHMM HaBaHTaXKeHHAM: 3 — abo
6-XBUNUHHUI TecT 3 xoapboto (3/6MWT) abo 1-xBu-
NIMHHUIA TecT «cictn-sctatm» (IMSTST) [36, 38-40]. [e-
caTtypauis (3HuxkeHHa Sp02 o 80%) nig, yac ¢pismyHoro
HaBaHTAXKEHHA Ma€ MPAMUIA KOpensauiiHUA 3B'A30K 3
OAHUMK CnipoMeTpii Ta PeHTreHoNOoriYHUX obCcTexeHb
[37], 3sHauenHamm pO, i pCO, y BeHO3HiW Kposi [40],
BAXKKICTIO KAiHIYHMX cumnTomiB i pisHem DLCO, wo
MoxKe ByTu Hacnigkom napeHximaTosHux Ta/abo nere-
HEBUX CyANHHUX dpeHomeHiB [41].

MexaHi3mu, Wo BMNAMBatOTb Ha naTodisionorito Tpu-
Basnoro COVID-19, BkAto4atloTb NpAMY nereHesy Ta no-
3a/1lereHeBy BipYCHY LMTOTOKCUYHICTb Ta He3asexHi
Bif, Bipycy npouecu, Taki AK iMyHHa aucperynauia Ta
nepuBacKyNApHe 3anaseHHA, AKi CNpuATb PyMHYBaH-
HI0O eHgoTeniaNbHo-eniTenianbHOro 6ap’epy 3 iHBasiewo
nenkounTie (MOHOLMTIB | HeWTPodiNiB) Ta BUNOTIBaHHIO

eKcyAaTy 3 KPOBOHOCHUX CYAMH Yy TKaHMHU. byno nomi-
YeHo, WO BOHW MOXKYTb BMANBATK Ha AeKinbKa opraHis/
cuctem [42]. Mo-nepue, eKcTpaBasalia ekcyaaty B asib-
BEONIAPHUIA NPOCTIp, AK Le CNOCTEPIraeTbCa Npu iHLWIMX
dbopmax roctporo pecnipatopHoOro AUCTpec-CUHAPOMY
(TPAC), moxke npu3BecTV 40 pPO3BUTKY ¢Gibpo3y nereHb
[43].

Mo-gpyre, aKkTMBALA 3anasbHUX MexaHi3miB (no-
LWKOAMEHHA eHA0TeNito, 3aMyCcK Kackaay peakLii cucre-
MW KOMMJIEMEHTY, B3aEMOAiA TPOMOOLMTIB i NeliKoumn-
TiB, MO3aKAITUHHI HEWTPOIiNbHI MACTKW, BMBINbHEHHA
npo3anasibH1X LUTOKIHIB i MOpyLeHHA Koaryaauii) npm-
3BOAATb A0 BeHO3HOi Tpomboembonii (BTE) Ta apTepi-
aNbHUX OKN03iit [44, 45].

Mo-TpeTe, pPO3BUTOK CEPLLEBO-CYAUHHUX YCKNag-
HeHb y nocTrocTpomy nepiogi COVID-19 nos’a3aHuii 3
NPAMUM YPaXKEHHAM KAITUH-MilleHen, NPUTrHiYeHHAM
AM®2, iMyHONOTYHUM MOLIKOAKEHHAM Ta MOTEHL,in-
HUM 3anajeHHAM MiOKapaa, NepuKapaa Ta NpoBigHOi
cuctemu. Kpim Toro, nposananbHi LUTOKIHU (iHTepaen-
KiH-1 (1/1-1), 1/1-6 i daKkTOp HEKpPO3y NyX/MHM) Yepes no-
CU/IeHHA BUPOBAEHHA KaTexosaMiHiB CnpuAoTb PO3BK-
TKY apuTMmil [45].

Y MauieHTIB i3 KNiHIYHO 3HAYYLLLOI 3aAULLIKOK Yepe3
12 micauis nicns iHpikyBaHHA COVID cnocTepirasca rip-
WM COH, HACTpIl, AKICTb KUTTA Ta CNAbKICTb NopiBHA-
HO 3 naujieHTamu 6e3 3aaMLIKKU. TAXKKICTb 3a4ULWKK Ta
cumnToMmn genpecii yepes 3 micaui nicna COVID 6ynu
E€EAVHMMN NPeanKTOPamM i TAXKKOCTI yepes 12 micauis
nicna COVID [11].

[aTn ogHO3HAYHy BiANOBIAb HA 3anNMTaHHA «Yun € 3a-
OMLWKa npaMUmM Hacnigkom COVID-19, um po3BuHynacb
nicns HbOro, YN 3yMOBJIEHA TAaKUMKU GaKTOpaMK K ne-
reHeBuin ¢ibpos, BNAMB iHTEHCUBHOI Tepanii abo nikis,
AKi BUKOPUCTOBYBANWCA Mif, Yac JIiKyBaHHA B rOCTPOMY
nepiogi Towo» AOCUTb CKAaaHo [46].

3Barkatoum Ha ue, Lutchmansingh DD [47] 3i cniBas-
TOpPaMM NPOMOHYIOTb HACTYMHUM NiAXig MeHeaXMeHTy

nauieHTiB 3 Tpmsanmm COVID
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TOMIB, AKi Big4yBalOTb Nt04M,
wo nepexuan COVID-19.

system COVID-19 hotline,

or saif

Muilti-disciplinary discussion of active cases
Translational research efforts
Revision of clinic processes to meet patient needs and evolving evidence

CTaHgapTHa  nepBMHHA
LIarHOCTMYHA OLiHKA BK/O-
Ya€ KOMMJIEKCHUI aHanis3

PucyHoK 2 — Mogenb KniHiuHoro BigHOBNeHHA [47].

MNpumitkn: 6MWT = 6-min walk test/tecT 3 6-Tu XBWUAMHHOW Xxoabboto; CPET = cardiopulmonary
exercise testing / Kapgiony/sbMmoHanbHe TecTyBaHHA 3 Gi3u4HUM HaBaHTaskeHHsaM; CTA = CT angiogram/
Komn’toTepHa TomorpadiyHa aHriorpadin; Echo = echocardiogram / exokapaiorpadis; HRCT = high-

NYbMOHANbHUX  KAIHIYHUX
CUMMTOMIB, fiereHeBi QyHK-
uioHanbHi Tectn (PFT, BKkAto-
Yyatoum cnipomeTpito, BMU3HaA-

resolution CT / Komn'totepHa Tomorpadis BUMCOKOI po3ainbHoi 3aaTHocTi; OT = occupational therapy / YEeHHA /lereHeBuX 06'6MiB),

eprotepanis; PFT = pulmonary function test / TectyBaHHA yHKUii nereHb; PT = physical therapy/ ¢isi-
otepania; RECOVERY = Comprehensive Post-COVID Center at Yale/ KomnnekcHuit ueHtp noct-COVID 8

Andy3iiHy 30aTHICTb, OLHKY

ENbCbKOMY YHiBEpCUTETI; sX = symptoms / cumntomu; VQ = ventilation-perfusion scan / sentunaujitto- TO/IEPAHTHOCTI 0 diznuHmnx

nepdysiiHe ckaHyBaHHsA [47].

HaBaHTaXeHb i NOBTOPHY Bi-
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3yasisauito (peHTreHorpadito rpyaHoi Knitku abo KT Bu-
COKOI pO34,iNbHOI 34aTHOCTI).

Y pasi BMABNEHHA noO3anereHeBOi NATOMOrii, AKa
MOXKe OyTU MPUUMHOI 334MULLIKKU, BAPTO BUKOPUCTOBY-
BATWU MYNbTUAMCUMNAIHAPHUI Nigxia, 3anyyatoum cre-
LianicTis iHWKWX ranysen: Kapaionorii, HeBponorii, Nncu-
XiaTpii, rematonorii, OTONAPMHIoNorii Ta MeAULUHU CHY
Towo. Lle moxkHa peanizoByBaT 33 JONMOMOrOKO €/1eK-
TPOHHUX/TeNeMeaNUYHNX KOHCYNbTaLin abo, AKLWO ue
O0peyYHo, bopManbHUX KOHCYbTALiN Yy KAiHiui. MpusHa-
YeHHs J0AaTKOBUX N1abOPaTOPHUX Ta IHCTPYMEHTANbHUX
OOCNigXKeHb NOTPibHO iHAUBIAYabHO a4anToOBYBATH A0
KOXHOTO naLljieHTa — BignoBigHo Ao nepebiry 3axBopto-
BaHHA, CYMyTHiX XBOpob, monepegHix nabopatopHumx
3MiH, HAABHMX CMMNTOMIB ToLO [28, 38, 47].

Long COVID € BiAHOCHO HOBWM, HEeAOCTATHICTb A0-
CBiAy Ta BMWpPaXKeHa MNONIOPraHHICTb CUMMNTOMATUKMU
CTBOPIOE NepeLwKkoan y BMH6opi onTMManbHOI KAiHIYHOT
cTparerii, CNOHYKA€E A0 MOLWYKY MPUYNHHUX MEXaHI3MIB
Ta iHPOPMATUBHUX METOAIB AiarHOCTUKM.

BucHoBKM.

3 BMLLEHABELEHOro BWMTIKAE, WO Yy naToreHesi 3a-
Avwkn npu Long COVID okpim npAMoro BipycHoro no-
LWKOAMKEHHA KNITUH BaXK/IMBY POAb BiAirpatoTb eKcTpa-
Ba3allif eKkcy4aTy B a/IbBEONIAPHUIA NPOCTiP, BEHO3HWUM
Ta apTepianbHMit Tpomb03, baratoPpakTopHE yparKeHHA

mioKapga, nepuKkapga Ta nposigHoi cuctemu. HamiH-
GOPMATUBHIWIMM METOLOM AiarHOCTUKMU CTPYKTYPHUX
3MiH OUXaNbHOI CUCTEMM € TiNepnonapm30BaHa KCEHO-
HOBa MarHiTHO-pe3oHaHCHa Tomorpadia, a nopyLleHb
ra3o0bMmiHy — 3HUKeHHA AndyY3ilMHOT 34aTHOCTI ereHb
33 MOHOOKCMAOM ByrneLto. Ane noniopraHHa Ta retepo-
reHHa npupoga 3agMWKK NoTpebye MyabTUAMCLMMNI-
HapHOro MeHeaXMeHTY Ta BCeBIYHOro AiarHOCTUYHOro
MOLLYKY.

MepcnekTMBM NOAANBLUNX AOCNIAMKEHD.

Bax/nMBO NpPOAOBXKYBAaTM MOWYK iHGOPMATUBHMUX
MapKepiB 418 NOKpALLEeHHA iHTepnpeTauii negse no-
MITHUX 3MiH cripomeTpii, HaNpuKnag, 3a AONOMOrow
KapAiony/bMOHaNbHOIO TeCTYBaHHA 3 Gi3MYHMM HaBaH-
TaXKeHHAM abo iMyHoNOriYHOrO cTaTyCy.

He MeHLW BaXKNIMBUM € BUSABIEHHA NPEANKTOPIB TPU-
Basioi 3aAMLWKN. BiK, TaxKicTb roctporo COVID-19 (ska
OLLIHIOETbCS 3@ MOKA3HMKOM caTypalLiii, 3a notpeboto y
WTYYHIN BEHTUAALIT NereHb, PasioNIoriyHMMM 3MiHaMU,
piBHem D-aumepy, KinbKocTi T-KNiTUH, iHTEpNeliKiHy-6)
BUABWINCA HAaMKPALLMMM NMPOTHOCTUYHUMM PaKTopamm
3MiH DLCO Ta ¢pyHKUiOHaNbHUX ANXaNbHUX TecTiB. MoX-
JIMBO Lii MapameTpu Tak CaMO MOXKYTb CNYKUTU iHDOPp-
MaTUBHUMU KPUTEPIAMM LLLOAO BUHNKHEHHA 3a4ULLKK Y
nepioai noct-COVID i sonomoxyTb 3anobirtu ii po3su-
TKY.
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CYYACHI NATOFEHETUYHI TA AIATHOCTUYHI ACNEKTU 3AAULLKKU NPU LONG COVID

Bakaneup O. B., PepgoHioK /. 1., LUanosan O. M., berow H. b.

Pestome. LLloHalmeHLwwe 65 MinbnoHiB Ntoaein y BCbomy CBiTi nicna nepeHeceHoro COVID-19 npoaoBKytoTb Bif-
4yyBaTM MOro cMMNToMM noHag, 4 TUKHi. Long COVID — ue MynbTUCUCTEMHE BUCHAXK/IMBE 3aXBOPHOBaHHSA, Lo y 6ara-
TbOX XBOPUX NPOABAAETLCA YTPYAHEHUM ANXAHHAM. 3aAMLIKA € HecneundiYHUM CUMNTOMOM i MOXKe ByTM NPosBOM
AK KapAio-ny/1bMOHaNbHOI NaTOANOrI, TaK | MeTaboniuHNX, HepPBOBO-M’30BMX ab0 NCUXOreHHUX po3nagis. Tomy ana
epeKTUBHOI NePBUHHOI i BTOPUHHOI Npodinaktukm, Bubopy cTpaterii HagaHHA MeAUYHOI AONOMOrM Ta KOHTPO/IO
BaXK/IMBO BU3HAYUTU, IKa NaTodizionoris il BUHUKHEHHS | TpMBasioi nepcucTeHLii. Lia ctaTTa npucesyeHa 3’acyBaHHIO
OCHOBHWMX MEXaHi3MiB PO3BUTKY 3aAMLIKMK, Tl MOXKAUBUX NMPEANKTOPIB Ta CNOCO6iB MOHITOPUHTY B NaLieHTIB 3 Long
COVID. Y xoai gocnigxkeHHa 6yn0 onpauboBaHO HayKoBi NybAiKaLii nepeBa*KHO 3 BUCOKMM IHAEKCOM LUTYBAHHA,
AKI LOCTYNHI y mepesi «Internet» Ha dpaxosux nnatdpopmax GoogleScholar, MEDLINE/PubMed Ta Index Medicus 3a
OCTAHHE AECATUNITTA.

Po3BuTOK 3aamwwkm npu Long COVID 3 ogHOro 60Ky 06ymoBAeHUI NPAMUM BipYCHUM MOLIKOAMXKEHHAM KAITUH, B
TOMY YUC/i NereHb, AKi MatoTb Ha CBOII MeMbpaHi peLenTopun aHrioTEH3MHMNEPETBOPIOBAIbHOIO GepPMEHTY ApYyroro
Tuny. MNeBHy posb BigirpatoTb i 0cO6AMBOCTI KNITUHHOTO GEeHOTUNY, WO CNPUAE PO3BUTKY MOHOLMTAPHOIO 3anaiex-
HA | YLWKOAKEHHA a/bBEONAPHO-KaNiNAPHOI membpaHu. Lie niaTBepaKyeTbCA NepeBaXkHO pe3ynbrataMu rinepno-
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NIAPN30BaHOI KCEHOHOBOI MarHiTHO-pe3oHaHCHOT Tomorpadii Ta 3HMMKEHHAM ANPY3iliHOI 34aTHOCTI IereHb 3@ MOHO-
OKCUAOM BYI/ELIO.

3 iHWoro — BiAbYyBaETbCA €KCTPaBa3aLLif eKcyAaTy B a/IbBEONAPHUIN NPOCTiP, BEHO3HWUI Ta apTepiaibHUI Tpom-
603, 6baraTodaKkTopHe yparkeHHA MioKapaa, NepuKapaa Ta NPOBiIAHOT CUCTEMMU, AKI TAKOXK MOXKYTb BUKANKATU YTPYA-
HeHe AWMXaHHA, i, OTXKe, NOTPebyoTb MyABTUANCLMNNIHAPHOIO AiarHOCTUYHOIO MOLUYKY.

leTeporeHHicTb B natogisionorii 3agmwkun npu Long COVID noTpebye noganbinx AocaigxKeHb Aas Toro, wob
nauieHTam i KAiHiuMCcTam Kpalle 3po3ymiTv NPUUYMHK Ta METOAM AiarHOCTMKM CTilKoi 3aauwKkm nicna COVID ans
epeKTUBHOIro MeHeAXMeHTY KOHKPETHOrO KAiHIYHOro cLeHapito.

Kniouosi cnosa: 3agmuuKa, yTpyaHeHe AuxaHHsA, pyHKLUioHanbHi nereHesi Tectu/®T, COVID, Tpusanuit COVID.

CURRENT PATHOGENETIC AND DIAGNOSTIC ASPECTS OF DYSPNEA IN LONG COVID

Bakalets O. V., Fedoniuk L. Ya., Shapoval O. M., Behosh N. B.

Abstract. At least 65 million people around the world continue to feel COVID — symptoms for more than 4 weeks
after its acute period. Long COVID is a multisystem debilitating disease which in many patients is manifested by
difficulty breathing. Dyspnea is a nonspecific symptom and may be a manifestation of both cardio-pulmonary pa-
thology and metabolic, neuromuscular or psychogenic disorders. Therefore, it is important to find out what is the
pathophysiology of its occurrence and long-term persistence for its effective primary and secondary prevention,
choice of medical care strategy and control. This article focuses on the elucidating the main mechanisms for the de-
velopment of dyspnea, its possible predictors and methods of monitoring in patients with Long COVID. The study is
analyzed scientific publications mostly with a high citation index. An information search on the Internet was carried
out on the Google Scholar, MEDLINE/PubMed and Index Medicus platforms for the last ten years. The development
of shortness of breath in Long COVID, on the one hand, is due to direct viral damage to cells, that have angiotensin-
converting enzyme 2 (ACE2) receptors on their membrane, including in the lungs. Features of the cell phenotype
also contributes to the development of monocytic inflammation and damage to the alveolar-capillary membrane.
This is mainly confirmed by the results of hyperpolarized xenon magnetic resonance imaging and a decrease in the
carbon monoxide diffusing capacity. On the other hand, there is extravasation of exudate into the alveolar space,
venous and arterial thrombosis, multifactorial damage of myocardium, pericardium and conductive system. Each of
them can also cause difficulty breathing which requiring multidisciplinary diagnostic search.

Heterogeneity in the pathophysiology of dyspnea in Long COVID needs further research in order for patients and
clinicians to better understand causes and methods for diagnosing persistent dyspnea after COVID for an effective
manager of a specific clinical scenario.

Key words: Dyspnea, Shortness of breath, Pulmonary Function Tests/PFT, COVID, Long COVID.
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