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RESPIRATORY MUSCLE STRENGTH IN PATIENTS AFTER COVID-19
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Respiratory muscles (RM) are a very important part of the respiratory system that enables pulmonary ventilation. This study aimed to assess the post-COVID-19
strength of RM by estimating maximum static inspiratory (MIP or PImax) and expiratory (MEP or PEmax) pressures and to identify the relationship between MIP
and MEP and the parameters of lung function. We analyzed the data of 36 patients (72% male; median age 47 years) who underwent spirometry, and body
plethysmography, diffusion test for carbon monoxide (DLCO) and measurement of MIP and MEF. The median time between the examinations and onset of
COVID-19 was 142 days. The patients were divided into two subgroups. In subgroup 1, as registered with computed tomography, the median of the maximum lung
tissue damage volume in the acute period was 27%, in subgroup 2 it reached 76%. The most common functional impairment was decreased DLCO, detected in
20 (55%) patients. Decreased MIP and MEP were observed in 5 and 11 patients, respectively. The subgroups did not differ significantly in MIP and MEP values, but
decreased MIP was registered in the second subgroup more often (18%). There were identified no significant dependencies between MIP/MEP and the parameters
of ventilation and pulmonary gas exchange. Thus, in patients after COVID-19, MIP and MEP were reduced in 14 and 31% of cases, respectively. It is reasonable
to add RM tests to the COVID-19 patient examination plan in order to check them for dysfunction and carry out medical rehabilitation.
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NCCNEAOBAHUE CUJ1bl ObIXATEJIbHbIX MbILUL Y BOJIbHbIX, MEPEHECLLUNX COVID-19
O. N. CasywkuHa'? B M. M. ManaiueHko?, A. B. HYepHak!, E. B. Kptokos?, E. A. CuHnupiH!, K. A. 3bikos'

T Hay4Ho-1ccnenoBaTenbCkuii MHCTUTYT MynbMoHonorn deaepansHoro Meaviko-6rnonorieckoro areHTeTea, Mocksa, Poccus
2 [NaBHbIA BOEHHbI KNMHUYECKIMIA rocnnTasb Uvenn H. H. Bypaerko, Mockea, Poccust

LbixatensHble Mbiwupl (M) — BakHelllee 3BEHO PecnMpaTopHO CUCTEMbl, 0becnevmBaloLLiee NerovHyo BeHTUnAUmio. Lienbto nccnegosannsa 6bin10
OLEHUTb cuny nHcnmpaTtopHbix (MIP) 1 akcnvpaTopHbix (MEP) M nocne COVID-19 1 BbigBWTbL B3aMMOCBA3b nokadateneit MIP 1 MEP ¢ dyHKupoHabHbIMN
rokasaresnisiMmn CUCTEMbI AbIXxaHns. [poaHanmanpoBaHb! AaHHble 36 NaumMeHTOB (72% My>X4MH; MegnaHa Bospacta — 47 NeT), KOTOPbIM MPOBOAWIN CMIMPOMETPUIO
1 6oaunneTamorpaduio, onpeaensan anhdy3snoHHyo cnocobHocTb nerkux (DLCO) n namepsann MIP/MEP. MegraHa cpoka npoBefeHus CCnegoBaHnin ot
Havana COVID-19 cocTaBuna 142 gHs. MauveHTsl 6binv padneneHsl Ha ABe noarpynnsl. MeayaHa MakcMManbHOrO obbema NopPavKeHUst Nero4HoN TKaHu B
ocTpbI nepuropa 3abonesaHusa no KT B nogrpynne 1 coctaBuna 27 %, B noarpynne 2 — 76%. Havbonee YacTbiM (PyHKUMOHaIbHBIM HapyLLEHEM ObINIO CHXKEHNE
DLCO (sbistBneHo y 20 (55%) naumeHTto). CHkenne MIP 1 MEP 6bino otmedeHo y 5 1 11 naumeHToB COOTBETCTBEHHO. CTAaTUCTUHECKI 3HAYMMBIX PA3NNHNIA MO
nokasatensm MIP 1 MEP mexay nogrpynnamm BbisiBfeHo He 6bIno, ogHako YactoTa cHbkeHust MIP Bo BTopoit noarpynne 6bina Boitwe (18%). Ctatnuctnyieckn
3Ha4MMbIx cBsi3e nokasarenein MIP n MEP ¢ napameTpamu BEHTUASLWN 1 TErO4HOro ra3006MeHa BbISBEHO He 6b110. TakvM 06pasoMm, Y NaumMeHToB, NEPEHECLLNX
COVID-19, o6Hapy»eHo cHkeHne MIP n MEP B 14 1 31% cny4aes cootBeTcTBEHHO. Vccnenosanve cunbl [IM LienecoobpasHo BKItoHaTh B niaH oocnefoBaHns
nauveHToB, nepeHectnx COVID-19, ans BbISBNEHWS X AUCHYHKUMN 1 NPOBEAEHNS MEAVLIHCKON peabunutaumim,
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COVID-19 is a highly contagious infectious disease caused by
the new coronavirus SARS-CoV-2. The virus attacks respiratory
system as one of its main targets, and this attack is the main
reason that brought such patients to the hospital. The research
efforts focused on COVID-19 mainly aimed to investigate the
pathogenesis of the disease and find ways to treat it at the
acute phase in order to minimize mortality. However, with the
accumulation of knowledge, it became clear that COVID-19 is a
multisystem disease, the consequences of which are currently
not well understood.

From the point of view of damage to the respiratory system,
the main functional disorder in the post-COVID period is the
reduced lung diffusion capacity; less common are restrictive
ventilation disorders, and even less so are obstructive
ventilation disorders [1-3]. The data obtained are taken into
account when drawing up individual post-disease medical
rehabilitation programs for COVID-19 patients. However, it is
not just the respiratory system that needs medical rehabilitation
after COVID-19 but also the cardiovascular system, as well as
the peripheral skeletal muscles, which grow weak and fatigued
in severe and extremely severe COVID-19 cases.

Respiratory muscles (RM), which are the most important
component of the respiratory system that enabled pulmonary
ventilation, also belong to the skeletal muscles. Pathological
changes in the respiratory muscles that occur after community-
acquired pneumonia (CAP) [4, 5] and thoracic interventions [6] have
been studied well. A comparative analysis of the strength of RM in
CAP cases of varying severity of endogenous intoxication showed
that, causing local inflammation and damaging myofibrils [5], this
intoxication is the dominant extrapulmonary mechanism triggering
RM dysfunction. In addition, there is hyperventilation syndrome
caused by arterial hypoxemia that also contributes to RM fatigue.
Moreover, glucocorticosteroids may also be the reason of weakness
[7, 8]. However, there are just a few publications that investigate
respiratory muscles strength after COVID-19 [9, 10].

The most common method for assessing RM strength is
measurement of the maximum static mouth pressure when the
person's airways are closed. This pressure may be expiratory
(MEP) and inspiratory (MIP). Thus, this study aimed to assess
the post-COVID-19 strength of RM and identify the relationship
between MIP and MEP and other lung function parameters.

METHODS

The observational cross-sectional study included 36 patients
(26 of them male, median age 47 years) admitted to hospitals
with a diagnosed interstitial lung disease caused by the new
coronavirus infection (J98.4). The inclusion criteria were:
confirmed recovery from moderate or severe case of COVID-19,
bilateral viral lung damage. In all patients the diagnosis was
confirmed by polymerase chain reaction. The exclusion
criterion was a recorded history of chronic lung disease. In the
context of a single visit, all participants of this study underwent
functional examinations of the respiratory system, including
spirometry, body plethysmography, diffusion test and RM
strength measurement. The system used for the examinations
was the MasterScreen Body/Diff system (Viasys Healthcare /
Erichdager, Vyaire Medical / ErichJager; Germany).

All procedures were carried out in accordance with national
and international standards [11-14] and recommendations of
the Russian Respiratory Society for conducting lung function
tests during the COVID-19 pandemic [15].

The lung diffusing capacity was assessed for carbon
monoxide measured by means of the single-breath test through
the use of rapidly responding gas analyser (RGA).
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Analyzed parameters:

1) spirometry (forced vital capacity (FVC), forced expiratory
volume in 1 sec (FEV,), FEV,/FVC, maximal mid-expiratory
flow between 25% and 75% of the FVC expiration (MMEF,, _.);

2) body plethysmography (slow vital capacity (VC), total
lung capacity (TLC), residual volume (RV) and its ratio to TLC
(RV/TLC), thoracic gas volume (TGV), inspiratory capacity (IC),
total airways resistance (Raw,));

3) diffusion test (transfer factor CO (DLCO) adjusted
for hemoglobin value and its ratio to alveolar volume (VA) —
DLCO/VA);

4) MIP and MEP.

The analyzed data were presented as a percentage of the
predicted values (%, ), which were calculated using the
equations of the European Coal and Steel Community [16]
for patient’s gender, age and height. The predicted MIP and
MEP values were calculated by the equations recommended
the European Respiratory Society [17]. Values greater than
75%,,., Were considered normal [18].

As registered with high-resolution chest computed
tomography (CT), there was post-inflammatory damage of
varying severity in the lungs of the patients at the time of the
study. The cohort was divided into two subgroups depending
on the maximum area of lung damage caused by SARS-CoV-2
in the acute period of the disease. Patients whose lungs had
< 50% of tissue damaged were included in subgroup 1, those
with lung damage exceeding 50% made up subgroup 2.

Sixteen (44%) patients had concomitant diseases:
7 patients — hypertension, 4 patients — hypertension and
type 2 diabetes mellitus, one patient each — type 1 diabetes,
varicose veins, myocarditis, psoriasis, iron deficiency anemia.

We employed STATISTICA 10.0 software (StatSoft Inc.; USA)
for statistical analysis and Shapiro-Wilk test to assess
the normality of distribution of the variables. Quantitative
variables, the distribution of which differed from normal, were
presented as medians (Me) and interquartile range (Q,-Q,),
nominative variables — number of patients (n). Comparison of
nonparametric quantitative indicators of the two groups relied
on the nonparametric Mann-Whitney U test, that of qualitative
variables — Fisher's exact test. Correlation analysis was
performed using Spearman's rank correlation. The differences
were considered significant at p < 0.05.

RESULTS

The median duration of the lung function examination from the
onset of COVID-19 was 142 (108-186) days.

Table 1 presents characteristics of all the patients
participating in the study and their characteristics by subgroups.

There were no significant differences established between
the subgroups by age, gender, height, body mass index.

The majority of patients in both subgroups were
nonsmokers; only subgroup 1 had a small number of smokers.

The median value of the maximum lung damage area
(CT..) in the acute period of the disease was 27% in the 1st
subgroup and 76% in the 2" subgroup, which is a significant
difference. The length of hospital stay for COVID-19 was
significantly longer in subgroup 2.

Table 2 summarizes the functional examination data
analysis overall and by subgroups.

For all the patients, the medians of all analyzed lung
function parameters were within normal range, apart from the
decreased DLCO in 20 (55%) patients. In addition, 5 (14%)
patients had impairment of TLC, one patient had impairment
of VC and FEV,/VC (FEV,/VC < 0.7), 5 (14%) and 11 (31%)
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Table 1. Patient characteristics

Parameter CI)7v=er§g Sul:79=ro1u:) 1 Sul;gioglzp 2 o
Gender, men, n (%) 26 (72) 8 (57) 18 (82) NS
Age, years 47 (40-58) 46 (39-59) 48 (42-57) NS
Height, cm 174 (165-181) 170 (165-183) 174 (165-179) NS
BMI, kg/m? 29 (26-32) 30 (25-32) 29 (27-31) NS
Tobacco smoking, 69/28/3 72/21/7 68/32 -
no/ex-smoker/smoker, %
i—oer”gg’v‘l’g_‘f;p”a' stay 18 (13-25) 14 (8-16) 23 (15-27) 0,01

Note: the data are presented as quantity (n) or median (lower quartile — upper quartile). BMI — body mass index; * — subgroups 1 and 2 compared with Mann—

Whitney test; NS — no significant differences found between subgroups 1 and 2.

patients had impairment of MIP and MEP, respectively. It should
be noted that decreased TLC was found mainly in patients of
subgroup 2, with only one such case registered in subgroup 1.
Eight patients had the RV decreased, and 3 of them had the RV
decreased isolated without impairment of TLC.

We found significant differences in TLC and DLCO values
between the subgroups, these values being lower in subgroup 2.
The subgroups did not differ significantly in MIP and MEP
values, but decreased MIP was registered in the second
subgroup more often (18%), while the frequency of decreased
MEP was similar.

Correlation analysis did not reveal significant dependencies
between MIP/MEP and the studied parameters of ventilation
and pulmonary gas exchange.

DISCUSSION

Observation of COVID-19 convalescents indicates that after
discharge from the hospital they do not fully recover functionally
for a long time. Patients continue to experience shortness of
breath, general weakness, increased fatigue and deteriorating
quality of life. Besides, there are functional impairments of
the respiratory system, cardiovascular system, as well as
neuropathy and myopathy registered, which are primarily
caused the extremely severe course of COVID-19 that required
intensive care.

At the same time, even mild and moderate COVID-19
course brings the same symptoms with varying intensity of
manifestation. The reduced RM strength is part of COVID-19-
induced neuropathy and myopathy, which indicates the need
for medical rehabilitation interventions to remedy the symptoms.

The Experts Consensus concerning respiratory techniques
which are recommended for inclusion in post-COVID-19
medical rehabilitation programs draws special attention to
training of inspiratory muscles aimed at improving ventilation-
perfusion ratios and oxygenation [19]. However, this study
shows that the reduced MEP registers twice as often as
reduced MIP, that points out to justify breathing techniques in
the context of training expiratory RM.

At the same time, physiotherapy methods such as electrical
stimulation, chest massage with correction of muscle triggers
and myofascial release, infrared laser therapy and magnetic
therapy in the chest zones, help improve microcirculation and
functional state of both inspiratory and expiratory RM.

Among the other findings of this study that draw attention
is the lack of significant differences in MIP and MEP values
between the subgroups, i.e., lack of confirmation the changes

in these parameters depend on the lung damage severity
during the acute period of the disease. The results obtained
are consistent with those reported in the previously published
studies [9, 10], which allows considering other factors, possibly
biochemical, including those affecting the central mechanisms
of respiration regulation and, accordingly, the functional state of
RM after COVID-19.

The median duration of this study from the onset of
COVID-19 was 142 days, and the most common functional
impairment registered was decreased diffusion capacity (55%
of cases), mainly found in patients who had over 50% of their
lungs damaged by the disease (subgroup 2), and restrictive
ventilation disorders were diagnosed in 5 (14%) patients, 4 of
whom (18%) were also in subgroup 2, while airways obstruction
was only discovered in 1 patient. The meta-analysis that
covered early post-COVID-19 period (1 to 3 months) showed
that the prevalence of decreased diffusion capacity is 39%
(Cl: 24-56%; p < 0.01; heterogeneity index (I?) — 86%),
whereas restrictive ventilation disorders is 15% (Cl: 9-22%;
p = 0.03; I? = 59%), airways obstruction — 7% (Cl: 4-11%j;
p=0.31;17=16%) [3].

The results of this study are consistent with the data of
the meta-analysis, however, the present study addressed
later post-COVID-19 recovery periods, which may indicate
that, after this disease, the functions of the respiratory system
recover slowly.

No statistically significant correlations were found between
the maximum static mouth pressure and the lung function
parameters, which once again confirms the importance of
measuring RM strength, especially in patients who experience
shortness of breath and rapid fatigue while having the traditional
pulmonary functional tests return normal values.

The effect COVID-19 has on RM strength should be
investigated further in order to uncover the relationship between
MIP/MEP values and the quantitative assessment of muscle
strength by the MRC Weakness scale, as well as the severity of
dyspnea by the mMRC scale.

Particular attention to RM strength should be paid when
COVID-19 takes extreme form and causes post-intensive
care syndrome (PICS), including general muscle weakness,
decreased muscle mass, reduced physical performance and
muscle strength, and reduced strength of the inspiratory
muscles that may result in diaphragm atrophy and dysfunction.
Measurement of the MIP and MEP values over time in such
patients will allow adjustment of the medical rehabilitation
program and prediction of the outcomes of identified
impairments.
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Table 2. Spirometry, body plethysmography, diffusion test, respiratory muscle strength test data

Overall Subgroup 1 Subgroup 2

Parameter n=36 n=14 n=22 P
VG, % e 106 (95-120) 111 (103-123) 104 (92-112) NS
VC <80% .1 1 0 1 NS
FVC, % .4 109 (99-123) 116 (106-125) 107 (96-114) NS
FEV,, % ea 105 (98-125) 119 (102-128) 103 (97-116) NS
FEV, <80% .. 11 1 0 1 NS
FEV,VC, % 82 (78-84) 82 (78-84) 83 (78-86) NS
FEV,NC <0.7,n 1 0 1 NS
FEV /FVC, % 83 (80-85) 82 (80-84) 83 (80-86) NS
MMEF . 5, % g 109 (93-123) 110 (103-121) 105 (92-125) NS
TLC, % g 100 (90-109) 108 (98-114) 97 (85-105) NS
TLC <80% . 11 5 1 4 NS
TGV, % .4 87 (75-101) 93 (75-105) 85 (75-95) NS
IC, % e 114 (102-126) 114 (109-137) 114 (95-125) NS
RV, % ea 88 (81-97) 89 (81-97) 85 (73-89) 0.03
RV <80% . N 8 0 8 0.011
RV/TLC, % . 83 (78-89) 108 (98-119) 82 (79-86) NS
Raw,, kPa-s/L 0.22 (0.17-0.29) 0.23 (0.19-0.30) 0.2 (0.17-0.29) NS
DLCO, % e 77 (68-89) 87 (76-95) 72 (67-83) 0.014
DLCO < 80% ., 1 20 5 15 0.058
DLCONA, % o4 90 (82-98) 96 (86-103) 87 (79-93) NS
MIP, % ., 108 (89-135) 114 (91-137) 102 (85-129) NS
MIP decreased, n 5 1 4 NS
MEP, % __, 87 (72-105) 86 (74-108) 87 (71-103) NS
MEP decreased, n 11 4 7 NS

Note: data are presented as median (lower quartile — upper quartile); * — Mann-Whitney test applied to comparison of subgroups 1 and 2; NS — no significant

differences found between subgroups 1 and 2.

In addition, given that muscle strength directly depends
on protein metabolism, it is advisable to analyze the
relationship of total blood protein with MIP and MEP values,
and in case of their decrease, consider nutritional support
for the patients.

Thus, RM strength test is an important addition to the
traditional pulmonary function tests in terms of information
concerning the functional state of the RM that can be used
in the context of prevention of pathological conditions and
adequate clinical treatment.
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