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Abstract

Background

Due to the SARS-CoV2 pandemic, medical face masks are widely recommended for a large
number of individuals and long durations. The effect of wearing a surgical and a FFP2/N95
face mask on cardiopulmonary exercise capacity has not been systematically reported.

Vdaka pandémii SARS-CoV2 sa lekarske tvarové masky Siroko odporucaju pre velky pocet oséb a na
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dlhodobé nosenie. Uginok chirurgického ruka a tvarovej masky FFP2 / N95 na kapacitu
kardiopulmonalnej aktivity nebol systematicky posudzovany.

Methods

This prospective cross-over study quantitated the effects of wearing no mask (nm), a surgical
mask (sm) and a FFP2/N95 mask (ffpm) in 12 healthy males (age 38.1 = 6.2 years, BMI

24.5 +2.0 kg/m?). The 36 tests were performed in randomized order. The cardiopulmonary
and metabolic responses were monitored by ergo-spirometry and impedance cardiography.
Ten domains of comfort/discomfort of wearing a mask were assessed by questionnaire.

V tejto prospektivnej krizovej studii sa kvantifikovali ucinky bez nosenia masky (nm), s chirurgickou
maskou (sm) a s maskou FFP2 / N95 (ffpm) u 12 zdravych muzov (vek 38,1 * 6,2 rokov, BMI 24,5 + 2,0
kg / m2). ). 36 testov sa uskutocnilo v ndhodnom poradi. Kardiopulmondlne a metabolické reakcie
boli monitorované ergo-spirometriou a impedancnou kardiografiou. Dotaznikom bolo
vyhodnotenych desat domén komfortu / nepohodlia pri noseni masky.

Results

The pulmonary function parameters were significantly lower with mask (forced expiratory
volume: 5.6+ 1.0 vs 5.3+ 0.8 vs 6.1 =1.0 I/s with sm, ffpm and nm, respectively; p=0.001;
peak expiratory flow: 8.7+ 1.4 vs 7.5+ 1.1 vs 9.7+ 1.6 I/s; p<0.001). The maximum power
was 269 +45, 263 +42 and 277 + 46 W with sm, ffpm and nm, respectively; p=0.002; the
ventilation was significantly reduced with both face masks (13128 vs 114+£23 vs

99+ 19 I/m; p<0.001). Peak blood lactate response was reduced with mask. Cardiac output
was similar with and without mask. Participants reported consistent and marked discomfort
wearing the masks, especially ffpm.

Plucne funkcné parametre boli v maske vyznamne nizsie (nuteny vydychovy objem: 5,6 + 1,0 vs 5,3 +
0,8vs6,1+1,01/sssm, ffpm a nm, p =0,001; maximalny vydychovy prietok: 8,7+ 1,4vs 7,5) + 1,1 vs
9,7+1,61/s; p<0,001). Maximalny vykon bol 269 + 45, 263 + 42 a 277 + 46 W pri sm, ffomanm; p =
0,002; ventilacia bola vyznamne zniZzena u oboch tvarovych masiek (131 + 28 vs 114 + 23 oproti 99 +
191/ m; p <0,001). Vrchol odpovede na laktat v krvi bol znizeny pomocou masky. Srdcovy vydaj bol
podobny s maskou aj bez nej. U¢astnici hlasili désledné a vyrazné nepohodlie pri pouzivani masiek,
najma ffpm.

Conclusion

Ventilation, cardiopulmonary exercise capacity and comfort are reduced by surgical masks
and highly impaired by FFP2/N95 face masks in healthy individuals. These data are important
for recommendations on wearing face masks at work or during physical exercise.

Ventildcia, kardiopulmondlna cvi¢ebna kapacita a pocit pohodlia su zniZzené chirurgickymi maskami a

u zdravych jedincov vysoko poskodené tvarovymi maskami FFP2 / N95. Tieto Gdaje su dolezité pre
odporucania tykajuce sa nosenia tvarovych masiek pri praci alebo pocas fyzického cvicenia.

Introduction

Following the outbreak of the SARS-CoV2 pandemic, use of face masks (fm) is widely
recommended by international, national and local authorities [1,2,3]. The aim of the
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regulations is to reduce the respiratory droplet excretion in pre-symptomatic and
asymptomatic individuals (source control). The evidence for face masks to reduce respiratory
virus infections or to improve clinical outcomes is heterogeneous [4,5,6]. The role of fine-
particle aerosols and environmental factors such as temperature and humidity on respiratory
virus transmission is a matter of scientific debate [7]. However, as long as no effective
treatment or vaccination against SARS-CoV?2 is available, health policies need to rely on non-
pharmacological interventions such as social distancing, intensified hand hygiene and the
wearing of face masks. Current recommendations to wear a face mask during times of contact
to other individuals affect millions of persons. Especially health care professionals are
required to wear masks for long periods of time. However, the quantitative effects of medical
masks on cardiopulmonary exercise capacity have never been systematically reported.

Po vypuknuti pandémie SARS-CoV2 medzindrodné, ndrodné a miestne organy vo velkej miere
odporucaju pouzivat tvarové masky (fm) [1,2,3]. Cieflom nariadeni je zniZit vylucovanie kvapiek z
dychacich ciest u jedincov so symptomatickym a asymptomatickym ochorenim (kontrola zdroja).
Dékazy o tvarovych maskach na znizZenie infekcii virusom dychacich ciest alebo na zlepsenie
klinickych vysledkov su heterogénne [4,5,6]. Uloha aerosélov s jemnymi ¢asticami a faktorov
prostredia, ako su teplota a vihkost pri prenose virusu dychacich ciest, je vecou vedeckej diskusie [7].
Pokial vSak nie je k dispozicii ucinna liecba alebo vakcinacia proti SARS-CoV2, zdravotné politiky sa
musia spoliehat na nefarmakologické zasahy, ako je socidlne distancovanie, intenzivnejsia hygiena
ruk a nosenie tvarovych masiek. Sti¢asné odporuicania na nosenie masky pocas kontaktu s inymi
jedincami ovplyviiuja milidny ludi. Obzvlast zdravotnicki pracovnici st povinni masky pouzivat dlhsiu
dobu. Kvantitativne ucinky lekdrskych masiek na kardiopulmonalnu cvicebnu kapacitu vsak nikdy
neboli systematicky posudzované.

Disposable surgical masks are intended to reduce transmissions from the wearer to the patient,
hand-to-face contact and facial contact with large droplets. FFP2/N95 facepiece respirators
meet filtration requirements of small airborne particles, fit tightly to the wearer’s face and
have been suggested to be more efficacious than surgical masks in reducing exposure to viral
infections [8]. They are, therefore, widely used by health care professionals for self-
protection, especially during the SARS-CoV2 pandemic. However, randomized trials did not
find significant differences between FFP2/N95 and surgical masks in preventing influenza
infections or respiratory illness [9, 10].

Ucelom jednorazovych chirurgickych masiek je znizit prenos z nositela na pacienta, kontakt ruik s
tvarou a kontakt tvare s velkymi kvapkami. Dychacie masky na tvar FFP2 / N95 vyhovuju
poziadavkam na filtraciu malych vzdusnych Castic, priliehaju pevne na tvar nositela a pri zniZzovani
vystavenia virusovym infekciam boli t¢innejsie ako chirurgické masky [8]. Zdravotnici ich preto Siroko
pouZivaju na sebaobranu, najma pocas pandémie SARS-CoV2. Randomizované studie vsak nezistili
vyznamné rozdiely medzi FFP2 / N95 a chirurgickymi maskami pri prevencii chripkovych infekcii alebo
respiracnych chorob [9, 10].

Studies on cardiopulmonary capacity have been performed using respirator masks, e.g., full
facepiece masks, filtering air-purifying respirators (APR), air-supplied respirators, blower
powered air-purifying respirators (PAPR), and self-contained breathing apparatus (SCBA)
[11]. These respirators are better known as “gas masks ” that are not used by health care
professionals and are not suitable to be worn by the majority of the population. Data on
cardiopulmonary capacity wearing medical masks are not available. Since surgical and
FFP2/N95 masks are the two most widely used types of medical face masks, they were
included in this study protocol.
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Studie tykajuce sa kardiopulmonalnej kapacity sa vykonali s pouZitim respiraénych masiek, napr.
celotvarovych masiek, filtracnych respirdtorov Cistiacich vzduch (APR), respirdtorov s privodom
vzduchu, dychacich pristrojov s CistiCom vzduchu (PAPR) a nezavislého dychacieho pristroja (SCBA)
[11]. Tieto respiratory su lepSie zndme ako ,plynové masky“, ktoré zdravotnici nepouZivaju a nie su
vhodné na nosenie va&$inou obyvatelstva. Udaje o kardiopulmondlnej kapacite lekarskych masiek nie
su k dispozicii. PretoZe chirurgické a FFP2 / N95 masky su dva najpouZzivanejsie typy lekarskych
tvarovych masiek, preto boli zahrnuté do tohto studijného protokolu.

In addition to health care professionals, information on cardiopulmonary effects of face masks
in healthy adults could be important for different groups of individuals. Virus particles in
respiratory droplets may be transmitted to a greater extent during different forms of physical
exertion, many amateur and professional sports or activities such as singing [6, 12]. Face
masks have, therefore, been discussed as means to engage in these activities for a wide range
of individuals. Therefore, this randomized cross-over study aimed to provide a detailed
quantification of the effect of surgical and FFP2/N95 masks on pulmonary and cardiac
capacity in healthy adults.

Okrem zdravotnickych pracovnikov mézu byt informacie o kardiopulmonalnych Géinkoch tvarovych
masiek u zdravych dospelych dolezZité pre rozne skupiny jednotlivcov. Virusové Castice v respiracnych
kvapkach sa mozu prenasat vo vacsej miere pri réznych formach fyzickej namahy, mnohych
amatérskych a profesionalnych Sportoch alebo cinnostiach, ako je spev [6, 12]. Preto sa o
prostriedkoch na zapojenie sa do tychto aktivit diskutovalo o tvarovych maskach pre cely rad
jednotlivcov. Ciefom tejto randomizovanej krizovej studie bolo preto poskytnut podrobnt
kvantifikaciu Gc¢inku chirurgickych masiek a masiek FFP2 / N95 na pltcnu a srdcovu kapacitu u
zdravych dospelych jedincov.

Materials and methods

Subjects

The study was conducted at the Department of Cardiology, University of Leipzig. The 12
active and healthy male volunteers were recruited from medical staff. Subjects with cardiac,
pulmonary or inflammatory diseases or any other medical contraindications were not
included. The characteristics of the participants are shown in Table 1. The study was
conducted in accordance with the latest revision of the Declaration of Helsinki and was
approved by the Ethical Committee of the Medical Faculty, University of Leipzig (reference
number 088/18-ek). Written informed consent was obtained from all the participants.

Studia sa uskuto¢nila na Katedre kardioldgie na univerzite v Lipsku. 12 aktivnych a zdravych muzskych
dobrovolnikov bolo prijatych z lekarskeho persondlu. Do Studie neboli zahrnuti jedinci so srdcovymi,
plicnymi alebo zdpalovymi chorobami alebo inymi lekdrskymi kontraindikdciami. Charakteristiky
U&astnikov su uvedené v tabulke 1. Studia sa uskuto€nila v sulade s poslednou reviziou Helsinskej
deklaracie a bola schvalend Etickou komisiou Lekdrskej fakulty Univerzity v Lipsku (referencné islo
088/18-ek). Vsetci Ucastnici dostali pisomny informovany suhlas.

Table 1 Baseline characteristics
Full size table

Study design
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Medical history was taken using a questionnaire. Subjects received physical examination and
vital parameters, body measurements and a resting electrocardiogram (ECG). Each subject
performed three incremental exertion tests (IET), one “no mask™ (nm), one with surgical mask
(sm) and one with FFP2/N95 mask (ffpm). The order of the masks worn was randomly
assigned using the GraphPad Quickcalcs online randomization tool [13]. Tests were
performed at the same time of day with a minimum of 48 h between two tests. To assess
baseline respiratory function, spirometry for each setting (nm, sm, ffpm) was performed. The
participants were blinded with regard to their respective test results to avoid influence by an
anticipation bias. Statistical analysis was performed by an independent and fully blinded
scientist who was not involved in the conduction of the tests.

Zdravotna anamnéza sa urobila pomocou dotaznika. U subjektov sa uskutocnilo fyzikdlne vySetrenie
a ziskali sa vitalne parametre, telesné merania a pokojovy elektrokardiogram (EKG). Kazdy subjekt
uskutocCnil tri prirastkové namahové testy (IET), jeden ,bez masky” (nm), jeden s chirurgickou maskou
(sm) a jeden s maskou FFP2 / N95 (ffpm). Poradie pouzitia masiek bolo ndhodne priradené pomocou
online ndhodného nastroja GraphPad Quickcalcs [13]. Testy sa uskutocriovali v rovnakom dennom
¢ase s minimom 48 hodin medzi dvoma testami. Na vyhodnotenie zakladnej respiracnej funkcie bola
vykonana spirometria pre kazdé nastavenie (nm, sm, ffom). U&astnici boli zaslepeni, pokial ide o ich
prislugné vysledky testov, aby sa predislo ovplyvneniu predpokladanou predpojatostou. Statisticku
analyzu vykonal nezavisly a Uplne zaslepeny vedec, ktory sa nezucastnil na vykondvani testov.

Incremental exertion test (IET)

IET were performed on a semi-recumbent ergometer (GE eBike, GE Healthcare GmbH,
Solingen, Germany, Germany) at a constant speed of 60—70 revolutions per minute (rpm).
The test began at a workload of 50 W with an increase of 50 W within 3 min (as a ramp) until
voluntary exhaustion occurred. Each subject continued for an additional 10-min recovery
period at a workload of 25 W.

IET sa uskutocniovali na poloprie¢innom ergometri (GE eBike, GE Healthcare GmbH, Solingen,
Nemecko) pri konstantnej rychlosti 60 - 70 ota¢ok za minutu (ot./min.). Test sa zacal s pracovnym
zatazenim 50 W so zvySovanim o 50 W po 3 minutach (ako rampa), kym nenastalo dobrovolné
vyCerpanie. Kazdy subjekt pokracoval dalsich 10 mindt na zotavenie pri pracovhom zatazeni 25 W.

Masks

We used typical and widely used disposable FFP2/N95 protective face masks (Shaoguan
Taijie Protection Technology Co., Ltd., Gao Jie, China) and surgical masks (Suavel® Protec
Plus, Meditrade, Kiefersfelden, Germany), both with earloops.

The spirometry mask was placed over the fm and fixed with head straps in a leak-proof
manner (see Fig. LA1, B1). After fitting the spirometry mask, subjects performed (a)
inspiration and (b) expiration with maximal force. During both maneuvers, the valve of the
mask was closed leading to abrupt stop of the air flow (see Fig. LA2, B2). The fitting was
carefully checked for the absence of any acoustic, sensory or visual indication of leakage
(e.g., lifting of the mask, whistling or lateral airflow) by the investigators and the test person.
The correct fitting and leak tightness were confirmed before each test was started.

Pouzili sme typické a Siroko pouzivané jednorazové ochranné masky na tvar FFP2 / N95 (Shaoguan
Taijie Protection Technology Co., Ltd., Gao Jie, Cina) a chirurgické masky (Suavel® Protec Plus,
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Meditrade, Kiefersfelden, Nemecko), oboje so sponkami na usi.

Spirometrickda maska bola umiestnend nad fm a pripevnena hlavovymi remienkami nepriepustnym
spésobom (pozri obr. 1A1, B1). Po nasadeni spirometrickej masky subjekty vykonali (a) nadych a (b)
vydych s maximalnou silou. Poc¢as oboch manévrov bol ventil masky uzavrety, ¢o viedlo k nahlemu
zastaveniu toku vzduchu (pozri obr. 1A2, B2). Vybava bola skisajucou osobou a testovanou osobou
starostlivo skontrolovana na pritomnost akustického, senzorického alebo vizualneho naznaku
presakovania (napr. zdvihanie masky, piskanie alebo bo¢né prudenie vzduchu). Spradvna montaz a
tesnost boli potvrdené pred zaciatkom kazdého testu.

Fig. 1

Al
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Fitting of mask and leakage test. Fitting of spirometry mask with sm (A1) and ffpm (B1) and
the respective leakage tests with sm (A2) and ffpm (B2)

Montdz masky a skuska tesnosti. Montaz spirometrickej masky sm (A1) a ffpm (B1) a prislusné skusky
tesnosti pomocou sm (A2) a ffpm (B2)

Full size image

Measurements

Cardiac output (CO), stroke volume (SV) (measured by impedance cardiography; Physioflow,
Manatec Biomedical, Macheren, France), heart rate (HR) (GE-Cardiosoft, GE Healthcare
GmbH, Solingen, Germany), maximum oxygen consumption (VOzmax) and minute ventilation
(VE) were monitored continuously at rest, during IET and during recovery. Lung function and
spirometry data were collected through a digital spirometer (Vyntus™ CPX, Vyaire Germany,
Hoechberg, Germany). For each modality (nm, sm, ffpm), data of three expiratory maneuvers
with 1-min intervals were collected using the best values obtained for maximum forced vital
capacity (FVC), forced expiratory volume in 1st second (FEV1), peak expiratory flow (PEF)
and Tiffeneau index (TIFF). The arterio-venous oxygen difference was computed using Fick’s
principle with avDO, = VO,/CO. Cardiac work (CW) was measured in joules (J) and
calculated according to the formula CW = SV (in m®) x SBP (in Pa). Capillary blood samples
(55 pl) were taken from the earlobe at baseline and immediately after cessation of maximum
load and analyzed (ABL90 FLEX blood gas analyzer, Radiometer GmbH, Krefeld, Germany).
Blood pressures (BP) was observed at rest, every 3 min during the IET and after the first

5 min of recovery period.

Srdcovy vydaj (CO), systolicky vyvrhovy objem (SV) (merané impedancnou kardiografiou; Physioflow,
Manatec Biomedical, Macheren, Francuzsko), srdcova frekvencia (HR) (GE-Cardiosoft, GE Healthcare
GmbH, Solingen, Nemecko), maximalna spotreba kyslika ( VO2max) a minutova ventilacia (VE) sa
monitorovali nepretrzite v pokoji, pocas IET a pocas regeneracie. Udaje o pltucnych funkciach a
spirometriach sa zbierali pomocou digitalneho spirometra (Vyntus ™ CPX, Vyaire Germany,
Hoechberg, Nemecko). Pre kazdu modalitu (nm, sm, ffpm) sa zhromazdili idaje o troch exspira¢nych
manévroch v intervaloch 1 min s pouzitim najlepsich hodno6t ziskanych pre maximalnu usilnd vitalnu
kapacitu (FVC), usilny vydych za 1 sekundu (FEV1), vrcholovy vydychovy prietok (PEF) a Tiffeneauov
index (TIFF). Arterio-vendzny kyslikovy rozdiel sa vypocital pomocou Fickovho principu s avDO2 =
V02 / CO. Praca na srdci (CW) bola merana v jouloch (J) a vypocitana podla vzorca CW = SV (vm3) x
SBP (v Pa). Vzorky kapilarnej krvi (55 ul) sa odobrali z usného lal6¢ka na zaciatku a bezprostredne po
ukonéeni maximalneho zataZzenia a analyzovali sa (analyzator ABL90 FLEX krvného plynu, Radiometer
GmbH, Krefeld, Nemecko). Krvny tlak (BP) sa pozoroval v pokoji, kazdé 3 minuty pocas IET a po
prvych 5 minatach zotavovacieho obdobia.

Quantification of comfort/discomfort

We used a published questionnaire published by [14] to quantify the following ten domains of
comfort/discomfort of wearing a mask: humidity, heat, breathing resistance, itchiness,
tightness, saltiness, feeling unfit, odor, fatigue, and overall discomfort. The participants were
asked 10 min after each IET how they perceived the comfort in the test.

Na kvantifikaciu tychto desiatich oblasti komfortu / nepohodlia pri noseni masky sme pouzili
uverejneny dotaznik [14]: vlhkost, teplo, respirac¢na odolnost, svrbenie, tesnost, slanost, nepohodlie,
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zapach, Unava a celkové nepohodlie. U¢astnici boli poZiadani 10 minut po kazdom IET, zaznamenat
ako vnimali pohodlie pri teste.

Statistical analysis

All values are expressed as means and standard deviations unless otherwise stated, and the
significance level was defined as p < 0.05. Data were analyzed using Microsoft Office Excel®
2010 for Windows (Microsoft Corporation, Redmond, Washington, USA) and GraphPad
Prism 8 (GraphPad Software Inc., California, USA). For distribution analysis, the

D’ Agostino—Pearson normality test was used. For normal distribution, comparisons were
made using one-way repeated measures ANOVA with Turkey’s post hoc test for multiple
comparisons. Otherwise, the Friedman non-parametric test and Dunn’s post hoc test were
used. The study was powered to detect a difference of 10% in VO2max/kg between nm and
ffpm.

Vsetky hodnoty su vyjadrené ako stredné hodnoty a Standardné odchylky, pokial nie je uvedené inak,
a hladina vyznamnosti bola definovand ako p <0,05. Data boli analyzované pomocou Microsoft Office
Excel® 2010 pre Windows (Microsoft Corporation, Redmond, Washington, USA) a GraphPad Prism 8
(GraphPad Software Inc., Kalifornia, USA). Na analyzu distribucie sa pouzil D'Agostino — Pearsonov
test normality. Pre normalnu distribuciu sa porovnania robili jednosmernymi opakovanymi
meraniami ANOVA s tureckym post hoc testom na viacndsobné porovnania. Inak sa poufil
Friedmanov neparametricky test a Dunnov post hoc test. Stidia bola vykonana na detekciu rozdielu
10% VO2max / kg medzi nm a ffpm.

Results

Pulmonary function

The results of the pulmonary function tests are shown in Table 2. Both sm and ffpm
significantly reduce the dynamic lung parameters. The average reduction of FVC was

—8.8 £ 6.0% with sm and —12.6 + 6.5% with ffpm. FEV1 was —7.6 + 5.0% lower with sm and
—13.0 + 9.0% with ffpm compared to no mask. The peak flow measurement showed that both
sm and ffpm significantly reduced the PEF (—9.7 = 11.2% and —21.3 + 12.4%, respectively).

Vysledky plicnych funkénych testov si uvedené v tabulke 2. Sm a ffpm vyznamne zniZuju dynamické
plicne parametre. Priemerné znizenie FVC bolo -8,8 + 6,0% pri sm a-12,6 + 6,5% pri ffpm. FEV1 bol o
-7,6 £5,0% nizSi s sma -13,0 + 9,0% s ffpm v porovnani so stavom bez masky. Meranie maximalneho
prietoku ukazalo, Ze sm a ffpm vyznamne znizili PEF (-9,7 £ 11,2%, respektive -21,3 + 12,4%).

Table 2 Spirometry results
Full size table

Incremental exertion test

The results of IET under different conditions are depicted in Table 3. None of the masks had
impact on the examined parameters under resting condition. The average duration of IET
compared to the test without mask was slightly decreased by —29 + 40 s with sm (p=0.07)
and significantly decreased by —52 +45 s with ffpm (p =0.005). Under maximum load, there
was a large reduction of the performance measures Pmax and VOazmax, especially with ffpm
(Fig. 2). Furthermore, these parameters were significantly reduced in ffpm compared to sm.

8


https://link.springer.com/article/10.1007/s00392-020-01704-y#Tab2
https://link.springer.com/article/10.1007/s00392-020-01704-y/tables/2
https://link.springer.com/article/10.1007/s00392-020-01704-y#Tab3
https://link.springer.com/article/10.1007/s00392-020-01704-y#Fig2

Vysledky IET za roznych podmienok st uvedené v tabulke 3. Ziadna z masiek nemala vplyv na
skimané parametre v kfludovom stave. Priemerné trvanie IET v porovnani s testom bez masky sa
mierne zniZilo 0 -29 + 40 s pri sm (p = 0,07) a vyznamne zniZilo 0 -52 + 45 s pri ffpm (p = 0,005). Pri
maximalnom zatazeni doslo k velkému zniZeniu vykonnostnych mier Pmax a VO2max, najma pri ffpm
(obr. 2). Dalej boli tieto parametre vyznamne znizené v ffpm v porovnani s sm.

Table 3 Results of the incremental exercise test

Full size table
Fig. 2
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Effects of wearing a surgical mask (sm) and a FFP2/N95 mask (ffpm) compared to no mask
on maximal power (Pmax), maximal oxygen uptake (VO2max), ventilation (VE) and overall
discomfort. *p <0.05; **p <0.01; ***p <0.001

Uginky chirurgickej masky (sm) a masky FFP2 / N95 (ffpm) v porovnani s maskou na maximalny vykon
(Pmax), maximalny prijem kyslika (VO2max), ventilaciu (VE) a celkové nepohodlie. * P <0,05; ** p

<0,01; *** p <0,001

Full size image

Assessment of the hemodynamic parameters (Table 3) showed that ffpm decreased avDO> by
16.7 £ 11.2% compared to nm. Stroke volume and cardiac output and cardiac work did not
differ significantly (nm: 4.3 +0.8 J,sm: 4.7+ 1.4 J, ffpm: 4.6 0.9 J; p=0.29).

The masks showed a marked effect on pulmonary parameters: VE for both sm and ffpm was
significantly reduced by —12.0 + 12.6% and —23.1 + 13.6%, respectively, compared to nm (see
Table 3; Fig. 1). Compared to nm, tests with ffpm showed a significant reduction in breathing
frequency with an additional decrease in tidal volume (=9.9 + 11.3% and —14.4 + 13.0%,
respectively). At the same time, a longer inhalation time was observed (sm: 12 + 15%,
p=0.043; ffpm: 19 + 16%, p =0.005). There were no differences in exhalation time.

Measurements of the metabolic parameters pH, PCO2, PO> and lactate and the heart rate
recovery did not differ significantly between the three tests (Table 3).

Vyhodnotenie hemodynamickych parametrov (tabulka 3) ukazalo, Ze ffpm znizil avD02 o0 16,7 +
11,2% v porovnani s nm. Systolicky vyvrhovy objem, srdcovy vydaj a srdcovd praca sa vyznamne
nelisili (nm: 4,3+0,8J),sm: 4,7 +1,4), ffpm:4,6 £0,9J; p =0,29).

Masky vykazovali vyrazny ucinok na plicne parametre: VE pre sm a ffpm sa v porovnani s nm
vyznamne znizil 0 -12,0 + 12,6% a -23,1 + 13,6% (pozri tabulku 3; obr. 1). V porovnani s nm testy s
ffpm preukdzali vyznamné znizenie dychacej frekvencie s dodato¢nym poklesom prilivového objemu
(-9,9+11,3% a -14,4 + 13,0%). Sucasne sa pozoroval dlhsi vdychovaci ¢as (sm: 12 + 15%, p = 0,043;
ffpm: 19 + 16%, p = 0,005). V dobe trvania vydychu neboli Ziadne rozdiely.

Merania metabolickych parametrov pH, PCO2, PO2 a laktatu a obnovenie srdcovej frekvencie sa
medzi tymito tromi testami vyznamne nelisili (tabulka 3).

Perceived discomfort

Subjective ratings for different sensations and overall discomfort for sm and ffpm compared
to nm are depicted in Table 4. In general, the negative ratings for all items of discomfort
increased consistently and significantly from sm to ffpm. There were several-fold negative
reports for the ffpm compared to nm and sm for breathing resistance. The relative aggravation
in overall discomfort compared to the standard procedure for spiroergometric tests is shown in
Fig. 2.

Subjektivne hodnotenia roznych pocitov a celkové nepohodlie pre sm a ffpm v porovnani s nm su
uvedené v tabulke 4. VSeobecne sa zaporné hodnotenie pre vsetky poloZzky nepohodlia zvysSuje a
vyznamne zvysuje od sm po ffpm. V pripade ffpm doslo k niekolkondsobnym negativnym spravam v
porovnani s nm a sm pre dychaci odpor. Relativne zhorSenie celkového nepohodlia v porovnani so
Standardnym postupom pre spiroergometrické testy je znazornené na obr.2
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Table 4 Perceived discomfort
Full size table

Discussion

This first randomized cross-over study assessing the effects of surgical masks and FFP2/N95
masks on cardiopulmonary exercise capacity yields clear results. Both masks have a marked
negative impact on exercise parameters such as maximum power output (Pmax) and the
maximum oxygen uptake (VO2max/kg). FFP2/N95 masks show consistently more pronounced
negative effects compared to surgical masks. Both masks significantly reduce pulmonary
parameters at rest (FVC, FEV1, PEF) and at maximum load (VE, BF, TV). Furthermore,
wearing the masks was perceived as very uncomfortable with a marked effect on subjective
breathing resistance with the FFP2/N95 mask.

Tato prva randomizovana krizova studia hodnotiaca Ucinky chirurgickych masiek a masiek FFP2 / N95
na kapacitu kardiopulmondlnej aktivity vedie k jasnym vysledkom. Obidve masky maju znacny
negativny vplyv na vykonové parametre, ako je maximalny vykon (Pmax) a maximalny prijem kyslika
(VO2max / kg). Masky FFP2 / N95 vykazuju trvalo vyraznejSie negativne Gcinky v porovnani s
chirurgickymi maskami. Obe masky vyrazne znizuju plicne parametre v pokoji (FVC, FEV1, PEF) a pri
maximalnom zatazeni (VE, BF, TV). Dalej bolo nosenie masiek vnimané ako velmi neprijemné s
vyraznym uc¢inkom na subjektivny dychaci odpor pomocou masky FFP2 / N95.

Pulmonary function

Spirometry showed reduced FVC, FEV1 and PEF with the surgical mask and even greater
impairments with the FFP2/N95 mask. Wearing the FFP2/N95 mask resulted in a reduction of
VO2max by 13% and of ventilation by 23%. These changes are consistent with an increased
airway resistance [15]. Studies testing increased upper airway obstruction induced by added
resistance at the mouth report similar effects on the lung functions parameter with increased
breathing resistance [16]. The reduction in ventilation resulted from a lower breathing
frequency with corresponding changes of the inhaling and exhaling time and a reduced tidal
volume. This is in agreement with the effects of respiratory protective devices or additional
external breathing resistance [16, 17]. The increased breathing resistance, which is likely
higher during stress, leads to an elevated breathing work and a limitation of the ventilation.
The data of this study are obtained in healthy young volunteers, the impairment is likely to be
significantly greater, e.g., in patients with obstructive pulmonary diseases [18]. From our data,
we conclude that wearing a medical face mask has a significant impact on pulmonary
parameters both at rest and during maximal exercise in healthy adults.

Spirometria preukdzala znizenu FVC, FEV1 a PEF s chirurgickou maskou a esSte vacsie postihnutie s
maskou FFP2 / N95. Nosenie masky FFP2 / N95 viedlo k zniZzeniu VO2max o 13% a ventilacie o0 23%.
Tieto zmeny zodpovedaju zvy$enému odporu dychacich ciest [15]. Studie testujlce zvysenu
obstrukciu hornych dychacich ciest indukovanu zvySenym odporom v Ustach vykazuju podobné
ucinky na parameter pltdcnych funkcii so zvySenym dychacim odporom [16]. ZniZenie ventildcie bolo
vysledkom niz3ej frekvencie dychania so zodpovedajucimi zmenami vdychovania a vydychu a
znizeného prilivového objemu. To je v sulade s ucinkami ochrannych dychacich pristrojov alebo
dodatocného vonkajsieho dychacieho odporu [16, 17]. ZvySeny dychaci odpor, ktory je
pravdepodobne vy3§i pocas stresu, vedie k zvy$enému dychaniu a obmedzeniu ventilacie. Udaje z
tejto Studie sa ziskavaju u zdravych mladych dobrovolnikov, pricom zhorsenie je pravdepodobne
vyrazne vacsie, napriklad u pacientov s obstrukénou chorobou plic [18]. Z nasSich udajov sme dospeli
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k zaveru, Ze nosenie lekarskej tvarovej masky ma vyznamny vplyv na plicne parametre v pokoji aj
pocas maximalneho cvic¢enia u zdravych dospelych.

Cardiac function

Increased breathing resistance in ffpm and sm requires more work of the respiratory muscles
compared to nm leading to higher oxygen consumption. Additionally, a significant proportion
of cardiac output is directed via different mechanisms, e.g., sympathetically induced
vasoconstriction, to the respiratory musculature [19]. Furthermore, the increased breathing
resistance may augment and prolong inspiratory activity leading to more negative
intrathoracic pressure (ITP) for longer durations. This assumption is supported by the findings
on inspiration times which were higher while wearing a fm. Prolonged and more negative ITP
increases the cardiac preload and may lead to higher SV at the one hand which is consistent
with our results showing a statistical trend towards higher SV while wearing ffpm or sm [20,
21]. In addition, cardiac afterload increases because of an increased transmural left-ventricular
pressure resulting in enhanced myocardial oxygen consumption [22]. In these healthy
volunteers, functional cardiac parameters do not differ significantly at baseline, at maximal
load and during recovery. However, there is a non-significant trend towards a higher cardiac
work (Joule) compared to the test without mask. This is of relevance since significantly less
watts (—5%) was achieved in the tests with masks. The relation of cardiac power to the total
power is approximately 10% lower with ffpm. These data suggest a myocardial compensation
for the pulmonary limitation in the healthy volunteers. In patients with impaired myocardial
function, this compensation may not be possible.

Zvyseny dychaci odpor pri ffpm a sm vyzaduje viac prace dychacich svalov v porovnani s
nm, ¢o vedie k vysSej spotrebe kyslika. Okrem toho je vyznamny podiel srdcového vydaju
nasmerovany rdznymi mechanizmami, napr. Sympateticky vyvolanou vazokonstrikciou, na
respiraéné svalstvo [19]. Dalej mozZe zvy$eny dychaci odpor zosilnit’ a prediZit’ inspira¢nu
aktivitu, ¢o vedie k dlhSiemu trvaniu negativnejSieho intratorakalneho tlaku (ITP). Tento
predpoklad potvrdzuju zistenia o trvani nadychu, ktory bol dlhsi pri noseni fm. Predizené a
negativnejSie ITP zvySuje srdcové predpitie a na jednej strane mdze viest' k vysSiemu SV, ¢o
je v sulade s nasimi vysledkami, ktoré ukazuju Statisticky trend smerom k vySsiemu SV pri
noseni ffpm alebo sm [20, 21]. Okrem toho sa srdcové nasledné zat'azenie zvysuje kvoli
zvySenému transmurdlnemu tlaku v 'avej komore, o vedie k zvySenej spotrebe kyslika v
myokarde [22]. U tychto zdravych dobrovolnikov sa funkéné srdcové parametre vyznamne
neliSia na zaciatku, pri maximalnom zat'azeni a pocas zotavovania. V porovnani s testom bez
masky vSak existuje nevyznamny trend k vyssej srdcovej praci (Joule). Toto je relevantné,
pretoze pri skiSkach s maskami sa dosiahlo vyrazne menej wattov (- 5%). Vzt'ah srdcovej sily
k celkovému vykonu je priblizne o 10% nizsi pri ffpm. Tieto tidaje naznacuji myokardidlnu
kompenzaciu pl'icneho obmedzenia u zdravych dobrovol'nikov. U pacientov s poruchou
funkcie myokardu nemusi byt tato kompenzacia mozna.
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Performance

The measurements show that surgical masks, and to a greater extent FFP2/N95 masks, reduce
the maximum power. Pmax (Watt) depends on energy consumption and the maximum oxygen
uptake (VO2max). The effect of the masks was most pronounced on VO2max. Since the cardiac
output was similar between the conditions, the reduction of Pmax was primarily driven by the
observed reduction of the arterio-venous oxygen content (avDO.). Therefore, the primary
effect of the face masks on physical performance in healthy individuals is driven by the
reduction of pulmonary function. In addition, the auxiliary breathing muscles have been
described to induce an additional afferent drive which can contribute to an increase of the
fatigue effect [23,24,25].

The performance of several different populations may be significantly affected by face masks.
For athletes the use of fm will reduce physical performance. Less pronounced but
mechanistically similar effects have been observed for mouthguards [26,27,28]. The increased
breathing resistance is especially problematic for patients with chronic obstructive pulmonary
diseases. Patients with diffusion disorders have reduced capacity to compensate due to the
reduced tidal volume. Another example of a population at risk is patients with heart failure.
The observed mechanisms may lead to more severe symptoms in individuals with impaired
capacity for myocardial compensation.

Merania ukazuju, Ze chirurgické masky a vo vacsej miere masky FFP2 / N95 zniZuju maximalny vykon.
Pmax (Watt) zavisi od spotreby energie a maximalneho prijmu kyslika (VO2max). U¢inok masiek bol
najvyraznejsi na VO2max. PretoZe srdcova produkcia bola medzi podmienkami podobna, znizenie
Pmax bolo primarne sp6sobené pozorovanym znizenim obsahu kyslika v arteriovenéznom prostredi
(avD02). Primarny Gcinok tvarovych masiek na fyzickd vykonnost u zdravych jedincov je preto
sposobeny znizenim pltcnych funkcii. Dalej bolo zaznamenané zapojenie pomocnych dychacich
svalov, ¢o moze prispiet k zvy$eniu Unavového Ucinku [23,24,25].

Tvarové masky mozu vyrazne ovplyvnit vykonnost niekolkych réznych populacii. Pre $portovcov
pouzitie fm zniZi fyzickd vykonnost. Menej vyrazné, ale mechanicky podobné ucinky sa pozorovali u
chranicov Ust [26,27,28]. ZvySena respiracna rezistencia je obzvlast problematicka u pacientov s
chronickou obstrukénou chorobou pltic (CHOCHP). Pacienti s poruchami difizie maju znizenu
kapacitu kompenzacie v ddsledku znizeného prilivového objemu. Dal$im prikladom ohrozenej
populacie su pacienti so srdcovym zlyhanim. Pozorované mechanizmy mézu viest k zavaznejs$im
symptémom u 0s6b so znizenou schopnostou kompenzacie myokardu.

Discomfort

Health care professionals and others are faced with significant psychological distress during
viral outbreaks [29]. Measures to maintain the quality of life both during emergency situations
and long term care are increasingly important. Adequate personal protective equipment and
adequate rest are considered keys to reduce the risk of adverse psychological outcomes [29].
Our sample primarily consisted of physicians working at a university hospital who are very
familiar with medical masks and have a positive attitude towards personal protection. Our
data show that FM leads to severe subjective discomfort during exercise. FFP2/N95 masks are
perceived as more uncomfortable than sm. In particular, breathing resistance, heat, tightness
and overall discomfort are the items with the greatest influence on subjective perception. This
finding is in agreement with the literature [14, 30]. Wearing of fm is perceived as subjectively
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disturbing and is accompanied by an increased perception of exertion. It is likely that the
masks negatively impact on the dynamics of perception especially at the limit of exercise
tolerance [31, 32]. In addition to the severe impact on ventilation, the data suggest the
associated discomfort as a second important reason for the observed impairment of physical
performance.

Zdravotnicki pracovnici a iné osoby Celia pocas vypuknutia virusovej ndkazy velkym psychologickym
problémom [29]. Opatrenia na udrZanie kvality Zivota v nddzovych situaciach aj pri dlhodobej
starostlivosti su ¢oraz dolezZitejSie. Primerané osobné ochranné vybavenie a primerany odpocinok sa
povazuju za kltcové na znizenie rizika nepriaznivych psychologickych nasledkov [29]. Nasa vzorka
pozostavala predovsetkym z lekdrov pracujlcich vo fakultnej nemocnici, ktori su velmi oboznameni s
lekdrskymi maskami a maju pozitivny pristup k osobnej ochrane. Nase Udaje ukazuju, ze FM vedie k
zavaznym subjektivnym nepohodliam pocas cvicenia. Masky FFP2 / N95 sa vnimaju ako
neprijemnejsie ako sm. Najma dychaci odpor, teplo, tesnost a celkové nepohodlie st polozky, ktoré
maju najvacsi vplyv na subjektivne vnimanie. Toto zistenie je v silade s literattrou [14, 30]. Nosenie
fm je vnimané ako subjektivne rusivé a je sprevadzané zvysenym vnimanim namahy. Je
pravdepodobné, Zze masky maju negativny vplyv na dynamiku vnimania, najma na hranici tolerancie
zataze [31, 32]. Okrem zavazného vplyvu na parametre ventilacie Gdaje naznaduju pridruzené
nepohodlie ako druhy délezity dovod pozorovaného zhorsenia fyzickej vykonnosti.

Limitations of the study

The sample consisted of relatively young, healthy, male participants. The data cannot be
extrapolated to other populations but set the stage to assess the effects of the face masks in
elderly and in patients with pulmonary and with cardiac diseases. This study is the largest
cross-over study to date comparing acute cardiopulmonary effects with and without common
face masks, however, independent repetition and larger sample size is always welcome. The
external validity concerning surgical masks (relevant leakage to eyes and ears in daily life)
may be reduced because of the laboratory conditions where the sm was completely sealed by
the spirometry mask. Cardiac parameters obtained by impedance cardiography may be
overestimated using absolute values [33]. However, thoracic impedance cardiography is well
established for the quantification of intra-individual changes in SV and CO [34,35,36].

Vzorka pozostavala z relativne mladych, zdravych muzov. Udaje nie je moZné extrapolovat na iné
populacie, ale méZu sa zuzitkovat na vyhodnotenie Ucinkov tvarovych masiek u starsich pacientov a
pacientov s plucnymi a srdcovymi chorobami. Tato Studia je doteraz najvacsou krizovou Studiou
porovnavajucou akutne kardiopulmondlne ucinky v pripadoch bez pouzitia tvarovych masiek s
pouzitim beznych masiek na tvar, nezavislé opakovanie a vacsia velkost vzorky su vSak vzdy vitané.
Vonkajsia platnost chirurgickych masiek (relevantny Unik do o¢i a usi v kazdodennom Zivote) sa moze
znizit z dévodu laboratérnych podmienok, ked bol sm Uplne uzavrety spirometrickou maskou.
Srdcové parametre ziskané impedanénou kardiografiou sa mézu nadhodnotit absolutnymi
hodnotami [33]. Kardiografia hrudnej impedancie je vSak dobre zavedena na kvantifikaciu
intraindividualnych zmien v SV a CO [34,35,36].

Conclusion

Medical face masks have a marked negative impact on cardiopulmonary capacity that
significantly impairs strenuous physical and occupational activities. In addition, medical
masks significantly impair the quality of life of their wearer. These effects have to be
considered versus the potential protective effects of face masks on viral transmissions. The
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quantitative data of this study may, therefore, inform medical recommendations and policy
makers.

Lekarske masky na tvar maju vyrazny negativny vplyv na kardiopulmonalnu kapacitu, ktord vyrazne
zhorsuje fyzicky namahavé pracovné cinnosti. Okrem toho lekdrske masky vyrazne zhorsuju kvalitu
Zivota ich nositela. Tieto Ucinky sa musia brat do Uvahy proti potencialnym ochrannym tGcéinkom
tvarovych masiek proti prenosu virusovej infekcie. Kvantitativne Udaje tejto Studie preto by mali
zohladnovat lekarske odporucania a mali by o nich byt informovani tvorcovia politik.
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