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ABSTRACT

AIM. To evaluate the expected effectiveness of post-COVID rehabilitation strategies.

MATERIAL AND METHODS. The study was conducted August, 2021 — March, 2022 in the republican and federal rehabilitation centers:
Krasnodar Territory (n=25), the Republic of Buryatia (n=25), and Moscow (n= 25). The data were obtained by a retrospective analysis
of medical records and by interviewing the study participants who had an indication or had been treated in a rehabilitation centre for
post-acute COVID-19 syndrome (U 09.9). The average length of time after the onset of the acute period of the disease was 6.5 + 2.5
months. A prognostic model was constructed to estimate the expected effectiveness of the rehabilitation programme, as measured by
a reduction in the severity of dyspnea. Nonlinear maximum likelihood logit regression was used to build the model.

RESULTS AND DISCUSSION. According to the presented model, the best expected rehabilitation effectiveness was found in the
National Medical Research Center (Moscow) (3=-1.788685, p=0.009964604), a slightly lower expected rehabilitation effectiveness was
observed in the resort with a curative climate (Krasnodar Territory) (3=0.9913501, p=0.182944), the lowest expected effectiveness
was registered in the regional rehabilitation center (the Republic of Buryatia) (=1.054594 p=0.2642723). The need for an integrated
approach in the treatment of patients with post-acute COVID-19 syndrome was pointed out by many domestic and foreign research-
ers, however, the choice and content of treatment strategies is debatable. Our study provides a preliminary answer to this question.
CONCLUSION. The developed model of the expected effectiveness of the rehabilitation of patients suffering from shortness of breath
after undergoing COVID-19 has a specificity of 54.54%, sensitivity of 91.3% and an overall accuracy of 84.21%. The best expected reha-
bilitation effectiveness was found in the National Medical Research Center of Rehabilitation and Balneology of the Ministry of Health
of the Russian Federation (Moscow) (3=-1.788685, p=0.009964604), somewhat lower in the resort with a curative climate (Krasnodar
territory) (8=0.9913501, p=0.182944), the lowest expected efficiency was registered in the regional rehabilitation center (the Republic
of Buryatia) (3=1.054594 p=0.2642723).
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Mopenb 3¢p$PeKTUBHOCTU PEAGUNUTALUOHHDBIX NPOrpPaMM:
peTpocneKTUBHOE CPABHUTENbHOE UCCNefoBAHUE NALUEHTOB
C NOCTKOBUAHbIM CUHAPOMOM

MpunweukuHa U.A.*', Jlo6aHoB A.A.', AHgpoHoB C.B.", Monos A.U.", Hukutuua M.B.",
TepeHTbeBa M.B.?

"HayuoHanbHsIl MeduyuHcKul ucciedosamesnbckuli yeHmp peabunumayuu u kypopmosoauu, Mockea, Poccus
2Mockoeckuti 2ocydapcmaeHHbIl MeduKo-cmomamosiozudeckuli yHusepcumem um. A.. Ee0okumosa, Mockea, Poccus

PE3IOME

LIEJIb. OueHnTb oxungaemyto 3GheKTMBHOCTb CTpaTernii peabrnmtaumm nocTKOBUAHOTO CUHAPOMA.

MATEPUAJT U METO[DbI. iccnegoBaHme npoBoaniock B nepuog c arycta 2021 roga no mapt 2022 rofa, Ha 6a3e PervioHanbHbIX
(KpacHopapckui kpai (n=25), Pecny6nuka bypsatus (n=25), u ®egepanbHoro peabunutayunoHHbix LieHTpoB (r. Mocksa) (n=25). laH-
Hble MOoMyYeHbl NMyTeM PETPOCMEKTUBHOIO aHanmn3a NCTopuii 601e3HN 1 ONpoca y4acTHUKOB UCC/IEA0BaAHNIA, KOTOPbIE MeNN MoKa3aHuA
VN MPOXOAUINU NeYeHe B peabunntaLmMoHHOM LieHTpe B CBA3M C NOCTKOBUAHBIM crHApoMom (U 09.9). CpefiHAA NPOAOIIXKUTENbHOCTb
BpPEeMeHV Nnocsie Hayana ocTporo nepuopa 3abonesaHuna coctasuna 6,5+ 2,5 mecaues. CTeneHb BblPaKEHHOCTU OAbILIKM OLleHMBaNach
no wkane bopra. bbiia NocTpoeHa NporHocTnyeckas Mofernb, OLeHMBaLWasa oxugaemyto 3GPeKTMBHOCTb peabUnUTaLMoHHOM Npo-
rpPamMmbl MO YMEHbLLEHMIO BblPa>KeHHOCTV OAbILKN. [INA MOCTPOeHNA MOAENN UCMOJTb30BaNacb METOAMKA HENMHENHON IoruT-perpec-
CUM METOJOM MaKCMMarbHOTO Npasgonofobus.

PE3YJIbTATbI 1 OBCYKAEHUE. CornacHo, NnpeacTaBieHHON MOAENN Havnyyllas oxraaemas 3GheKTMBHOCTb peabunuTaLuuy BbiAB-
neHa B OIBY «HaumnoHanbHbIN MEAVLMHCKUI NCCIefoBaTeNIbCKUI LIeHTp peabunutaumnn n KypopTonorui» Munsgpasa Poccum (r
Mockga) (B=-1,788685, p=0,009964604), HECKONIbKO MeHbLLIasA oxugaemas SpGeKTMBHOCTb peabunuTaLymm Habnoaanach B yCIoBUAX
KypopTa, obnagatoLiero neyebHoim Knumatom (Apxuno-Ocnnoska, KpacHogapckuin kpaii) (3=0,9913501, p=0,182944), HaumeHbluas
oxugaemas 3GdeKTVBHOCTb 3aperncTprpoBaHa B permoHanbHOM peabnnmnTauroHHOM LeHTpe (pecnybnuka bypatus) (3=1,054594
p=0,2642723). Ha He06XO[MMOCTb KOMMJIEKCHOTO NMOAXOAA B JIEYeHUN 6OMBHbIX C MOCTKOBUAHBIM CUHAPOMOM YKa3biBanu paboTbl MHO-
re oTeyecTBeHHbIE 1 3apybexHble nccnefoBaTeny, OfHaKo BbIGOP 1 COAepKaHme CTpaTernin neyeHnsa guckytabeneH. Hawe nccnefo-
BaHMWe AaéT NpefBapuTeNbHbIA OTBET Ha AaHHbBIV BOMPOC.

3AKJTIOMEHUE. Pa3paboTtaHHas Mofenb oxraaemoin 3GPpeKTMBHOCTY peabunmtaluy NauveHToB C MOCTKOBUAHbIM CUHAPOMOM 06na-
JaeT cneunduUHoOCTbIo — 54,54%, 4yBCTBUTENBHOCTBIO — 91,3%), 06LLel TOYHOCTbIO — 84,21%. Hannyulwas oxugaemas 3GpGeKTUBHOCTb
peabvnnTayny BbiABieHa B HaLroHanbHOM MeMLIMHCKOM UCCNIE[0BATENIbCKOM LieHTpe peabunutaumm n KypopTonoruy MnH3gpasa
Poccuu (r. Mockaa) (3=-1,788685, p=0,009964604), HeCKONbKO MeHbLUAsA B yCIIOBUAX KypopTa, 06najatoLero ie4yebHbIM KumaTom
(KpacHopapckuin kpan) (3=0,9913501, p=0,182944), HarMmeHbLUaa oxraaemasn 3GpGEKTBHOCTb 3aperncTprpoBaHa B pervMoHanbHOM
peabunutauroHHom LeHTpe (Pecnybnuka bypatna) (B=1,054594 p=0,2642723).
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INTRODUCTION

Treatment of post-acute COVID-19 syndrome has
placed a heavy burden on national health care, requiring
a more rational use of allocated funds and decision-mak-
ing management [1-6]. For this purpose, it was necessary
to construct a model of the expected effectiveness of reha-
bilitation depending on the type of institution and the
range of techniques employed. To date, the new corona-
virus infection pandemic (COVID-19) has affected more
than 523 million people and caused more than 6 million
deaths since 17 May 2022 '. A large proportion of the
patients infected with SARS-COV-2 does not fully recover
and continues to experience a large number of symptoms

in the absence of a diagnosable viral infection. This con-
dition has been called post-acute COVID-19 syndrome
(Long-COVID-19) [7]. The prevalence of post-acute COVID-
19 syndrome among outpatients and hospitalized patients
ranges from 68.7% to 77.1% [8-10]. Researchers have iden-
tified clusters of patients [11] who have different symptom-
atology, rehabilitation potential and require different reha-
bilitation interventions [12, 13].

In a study of the evolution of patients with post-acute
COVID-19 syndrome and the impact of the rehabilitation
process 3 and 6 months after the acute phase of COVID-
19, Spanish researchers found that respiratory and mobil-
ity complications were partially reversible after 3 months

! COVID-19 Data Repository by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins University. Available at: https://github.com/

CSSEGISandData/COVID-19 (accessed 18.05.2022).
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of the rehabilitation treatment [14]. Another group of
researchers studying a cohort of patients hospitalized with
COVID-19 showed that their functional scores improved
from 2-6 weeks to 18 weeks of the follow-up [15].

However, in a study of 1,137 French patients hospital-
ised during the acute phase of COVID-19, a quarter of the
patients were described as having three or more persistent
symptoms after six months and persistent disability in 29%
of patients. [16]. Similar information comes from our Chi-
nese colleagues, reporting data on 20 patients (24%) with
persistent symptoms and radiological changes one year
after hospital admission [17].

Of the entire range of symptoms of post-acute COVID-
19 syndrome, dyspnea is the most common, with its fre-
quency and impact on major life activity categories, and
its association with abnormalities in respiratory function
[8, 11,12, 18], being the most detrimental to exercise tol-
erance and quality of life [12, 19]. The pathogenesis of
dyspnea in this condition is complex and may have a pul-
monary component due to impaired gas exchange after
pneumonia [20], damage to the central nervous system
[21], vegetoasthenic and phobic disorders [22], conse-
quences of previous myocarditis [22, 23], and damage to
vegetative regulation of breathing and the receptor system
[5]. In view of the above, it is practically important to iden-
tify the rehabilitation method that reduces the severity of
dyspnea to the greatest extent.

There is an active discussion in the professional com-
munity about the role and effectiveness of rehabilitation in
institutions with different methodologies: 1) Rehabilitation
in the patient's residential area; 2) Rehabilitation in a spa
environment that enables the use of local natural healing
resources; 3) Rehabilitation provided by a national scien-
tific medical centre with state-of-the-art equipment and
considerable human resources. Estimating the expected
effectiveness of rehabilitation has a great importance for
evidence-based management decisions and the rational
use of funds allocated for the rehabilitation of patients with
post-acute COVID-19 syndrome.

Rehabilitation of patients in regional rehabilitation cen-
ters at the place of their residence does not cause addi-
tional adaptation stress when the patient moves to another
region, is the most accessible and requires less financial
investment.

Rehabilitation of patients in climatic and balneological
resorts enables the use of the powerful potential of natural
healing factors, gives impetus to mechanisms of sanogene-
sis, but imposes a significant adaptation load on the organ-
ism of a patient weakened by a serious illness, arriving for
treatment in a contrasting climatic zone.

Treatment at the National Medical Research Centre
combines medicinal and non-medicinal methods of treat-
ment, modern physiotherapy and the use of natural heal-
ing factors. Highly qualified staff and diagnostic facilities
enable a fully multidisciplinary approach to be used, which
has proved highly effective [5, 24-27].

To develop healthcare tactics for the treatment of
patients with post-acute COVID-19 syndrome, a number
of researchers have attempted to use predictive scales and
models of the course of post-acute COVID-19 syndrome
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[28, 29] to create more effective rehabilitation programmes
that take into account a multidisciplinary approach to
treatment [24, 25]. At the same time, these models did
not take into account the experience of rehabilitation of
patients in different types of institutions and could not
serve as a basis for management decisions, which required
the development of a model for estimating the expected
effectiveness of rehabilitation depending on the type of
institution in order to solve this practical problem.

AIM
To evaluate the expected effectiveness of post-acute
COVID-19 syndrome rehabilitation programmes.

MATERIAL AND METHODS

The study was conducted from August, 2021 until
March, 2022 and involved 114 people from regional, repub-
lican and federal rehabilitation centers: Krasnodar Territory
(n=34), the Republic of Buryatia (n=56) and Moscow (n=
25).

The data were obtained by a retrospective analysis of
medical records and by interviewing the study participants,
who had signed an information consent form. All the inter-
viewees were over 18 years of age, had had PCR-confirmed
SARS-COV-2 and had an indication or had been treated in
a rehabilitation centre for post-acute COVID-19 syndrome
(U 09.9)" [12, 30]. The study was supported by the Indepen-
dent Ethics Committee of the Federal State Budgetary Insti-
tution National Medical Research Center of Rehabilitation
and Balneology of the Ministry of Health of Russia (proto-
col No. 6 of 26.07.2021). The groups were comparable by
sex, age, degree of lung damage and rehabilitation rout-
ing scale scores. The average length of time after the onset
of the acute period of the disease was 6.5 + 2.5 months.
The survey was conducted retrospectively by the same
interviewer. The patient was asked to provide information
about the severity of the breathlessness and the health
care institution, where the patient had received rehabilita-
tion. The severity of dyspnea was assessed using the Borg
scale. A prognostic model was constructed to estimate the
expected effectiveness of the rehabilitation programme, as
measured by a reduction in the severity of dyspnea. Non-
linear maximum likelihood logit regression was used to
build the model [31].

Binary feature: dyspnea/no dyspnea. The rehabilitation
programmes carried out at the second stage were used as
variables:

1) Regional Rehabilitation Centre (the Republic of Bury-
atia), where traditional medicine methods were used:
acupuncture, Chi Quong breathing, instrumental physio-
therapy: magneto- and laser therapy in the lung root pro-
jection, exercise therapy [32-34].

2) In the resort (Arkhipo-Osipovka, Krasnodar Territory),
where climate therapy, balneotherapy, Nauheim baths,
halotherapy, magnetic therapy, inhalation of mineral water,
massage, exercise therapy, Terrainkur were used [32].

3) in the National Medical Research Center of Rehabili-
tation and Balneology of the Ministry of Health of Russia in
Moscow, where aqua training in a pool with fresh and min-
eral sodium chloride water, mud therapy, manual therapy,

T WHO/2019-nCoV/Post_COVID-19_condition/Clinical_case_definition/2021.1. Available at: https://apps.who.int/iris/bitstream/handle/10665/345824/
WHO-2019-nCoV-Post-COVID-19-condition-Clinical-case-definition-2021.1-rus.pdf (accessed 18.05.2022)
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acupuncture, massage, laser therapy, halotherapy, exercise
therapy and breathing exercises, psychological correction,
medication therapy were used [18, 24, 30, 35, 36].

RESULTS AND DISCUSSION

According to the presented model, the best expected
rehabilitation effectiveness was found in the National
Medical Research Center (Moscow) (B=-1.788685,

Table 1. Logistic regression model coefficients

p=0.009964604), a slightly lower expected rehabilita-
tion effectiveness was observed in the resort with a cura-
tive climate (Arkhipo-Osipovka, Krasnodar Territory)
(B=0.9913501, p=0.182944), the lowest expected effec-
tiveness was registered in the regional rehabilitation cen-
ter (the Republic of Buryatia) (=1.054594 p=0.2642723)
(Table 1).

Calculated parameter Constant Regional rehabilitation National Medical Resort (Krasnodar
center Research Center, Territory)
Moscow
Coefficient 3
1,625059 1,05459 -1,78869 0,99135
Standard error 0,586423 0,9397 0,68182 0,73962

Note: Maximum likelihood estimate (MS-err. scaled to 1) final parameters: ©=45.894202395; x*(5)=20.050; p=,00123

The Hosmer-Lemeshow test was used to check the
consistency of the model with the raw data. For our model,
the achieved significance level for this criterion is p>0.05,
i.e. there is an agreement between the model and the real
data (Table 1, Note).

The calculated area under the ROC curve was 0.84,

Table 2. Estimates of the model

which corresponds to "very good" quality, according to the
AUC scale.

The results of the validation of the model in the "exam-
ination" sample were as follows: specificity 54.54%, sensi-
tivity 91.3%, and overall accuracy 84.21%, which indicates
the stability of the model (Table. 2).

Estimated absence of

Estimated presence Quality parameters

dyspnea of dyspnea of the model
Virtual absence of dyspnea 12 10 54,54546
Actual presence of dyspnea 8 84 91,30434

The pathogenesis of dyspnea after COVID-19 is quite
complex and may include impaired lungs ventilation,
which may be facilitated by destruction of alveoli as
a result of pneumonia, impaired regulation of the optimal
ventilation-perfusion ratio, damage to the microcirculatory
bed of lungs, depletion of respiratory musculature reserve.
An equally important role is played by impaired central
regulation of breathing, which can be facilitated by
disturbances in the centers responsible for the formation
of dyspnea at the level of the brain stem and cortex, vagus
nuclei, hippocampus, reticular formation, hypothalamus,
exhaustion of the respiratory musculature reserve, lesions
in the microcirculatory bed of the lungs [24, 35, 37-39].

The polysystemic nature of the lesion means that
the treatment methods used must be comprehensive,
including medication, hardware physiotherapy, exercise
therapy, massage, manual therapy, acupuncture, and
breathing exercises [40, 41]. These techniques aim to
reduce inflammation in the airways, reflexively activate the
respiratory centre and respiratory muscles and reduce the
feeling of shortness of breath [38].

The need for a comprehensive approach in the
treatment of patients suffering from post-acute COVID-
19 syndrome has been expressed by many national and
foreign researchers [24, 35, 37-39, 42, 43]. Currently, the
protocols of several multicentre European studies are
being discussed to find an answer to the question of
the effectiveness of the five or the most commonly used
rehabilitation treatment strategies [26, 44].

However, based on these studies, it is difficult to
predict the effectiveness of these techniques in practical
medicine. The model we have built allows us to predict
the effectiveness of the rehabilitation techniques, which
is essential to improve the efficiency of investment in the
rehabilitation of patients suffering from post-acute COVID-
19 syndrome in the context of the pandemic.

CONCLUSION

1. The developed model of the expected effectiveness
of the rehabilitation of patients with dyspnea after COVID-
19 has a specificity of 54.54%, a sensitivity of 91.3%
and an overall accuracy of 84.21%, which indicates the
stability of the model and allows its use for the planning of
rehabilitation care for this category of patients.

2. According to the model developed, the effectiveness
of the rehabilitation of dyspnea patients after COVID-19
was demonstrated when using all types of rehabilitation
programmes.

3. The best expected rehabilitation effectiveness was
found in the National Medical Research Center (Moscow)
(3=-1.788685, p=0.009964604), a slightly lower expected
rehabilitation effectiveness was observed in the resort
with a curative climate (Arkhipo-Osipovka, Krasnodar
Territory) (=0.9913501, p=0.182944), the lowest
expected effectiveness was registered in the regional
rehabilitation center (the Republic of Buryatia) (3=1.054594
p=0.2642723).
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