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COVID-19 craB rnobanbHOK NaHAeEMIEr, siKka BMAWHYA Ha XUT-
TS Minbspaie nogen. KniHiyHi gocnig)XeHHs nokasanu 3B’sS30K
Mk COVID-19 i cepueBnMKM 3axBoproBaHHAMKU. CnocCTepexeHHs
3a MauieEHTOM Ha BIiACTaHi 3@ AOMOMOrol MNepPeHOCHUX AaTyuKiB
BM/JIMBAE Ha MeAnyHe 06CNyroByBaHHS, AO3BOJSAOYM KOHTPOIO-
BaTW CTaH 30pPOB " 5 3@ MEXaMu KiHiku1. Taki nepeHocHi NpucTpoi
MOXYTb 3abe3neunTn HeiHBa3MBHY Ta 6e3nepepBHy HaraTtonapa-
MeTpu4Hy ouiHky EKI, BapiabenbHOCTi cepueBoro putMy, apTte-
pianbHOro TWUCKY, caTypauii KACHIO Ta YacTOTU AMXaHHSA. Takui

Ao3Bin KoMmicii 3 nutaHb 6ioeTukn: ans
AAHOro JOCNiAXEHHs He noTpibHe cxBa-
JIEHHA KOMiCii 3 MnTaHb 6ioeTnku.

®diHaHCYBaHHS: aBTOPW HE OTPUMau Xoa-
HOT hiHaHCOBOI NiATPUMKM CBOro Aochi-

MOHITOPUHI MOXe A0MOMOrTM nepenbayunTtn Ta 3anobirtn cepue-
BO-CYAMHHMM noaisiM, nos’s3aHnm 3 COVID-19, i Bianosigae 3po-
cTatouin notpebi y HoBOMYy niaxoai Ao meamumHu 5P (Predictive,
Preventive, Participipated, Personalized i Precision). Ua craTtra

AXXEHHA.

© Bci aBTOopyn, 2023
BY

Mana Ha MeTi PO3r/IAHYTU AOCATHEHHSA Ta NEPCrneKTUBY MepeHo-
CHUX MPUCTPOIB ANA MOHITOPUHIY CepueBoi AiANbHOCTI Ta 1X Kni-
HiYHe 3acTtocyBaHHA Nigd yac naHzemii COVID-19. Mu nposenu
6ibnioMeTpnyHMIN aHani3 3a AoNMoMorol Scopus , HambinbLoi Ta
pobpe opraHizoBaHoi 6a3u gaHux i NpoaHanisysann HanbinbLw um-
TOBaHIi CTaTTi 3a L€ TeMaTMKOK. Hall aHani3 BKOYaE ornsa HannoLwmnpeHinx NpakTMYHUX METOAIB
BiAZlaNIeHOro MOHITOPUHIY MaUiEHTIB, OPIEHTOBAHMX Ha CEPLEBO-CYANHHI 3aXBOPIOBAHHS, MOB "~ A3aHMX
3 NMepEeHOCHUMMN MepcoHanisoBaHMMU NPUCTPOSAMU. HedaBHI AOCNIAXKEHHSA NOKa3anu, Wo cepLesi aHo-
mManii npucyTHi y 19,7-27,8 % rocnitanizoBaHmx nauieHTis i3 COVID-19. YacTo BMHMKaOTb acoLino-
BaHi 3 COVID-19 MiokapauTh Ta NMopyLeHHs cepueBoro putMmy. [aHi KifibKOX AOCNIAXEHb BUSBUIN
dibpunauito nepeacepab K HavnowmpeHiwy dopMy apuTMii y nauieHTiB 3 COVID-19. lMoripeHHs
BXe HasiBHOi ibpunsuii nepeacepab y nauieHTiB 3 COVID-19 TakoxX BUKWKAE CEPUO3HE KIliHIYHE
3aHernoKoeHHS. BukopucTtaHHs nepeHocHux EKIM-npuctpoiB Ans AWMCTAHLINHOMO MOHITOPUHIY MOXe
NoKpaLLMTK BEAEHHA nauieHTiB 3 ibpunauieto nepeacepab Ta ocib i3 BUCOKMM PU3MKOM i pO3BUTKY.

Tenekapaionorisi, sika 6a3yeTbCa Ha NEPEHOCHUX MPUCTPOSAX | AUCTAHUIMHOMY MOHITOPUHIY A03-
BOJISIE Y No3anikapHAHUX yMOBax KOHTpoatoBaTh nauieHTiB 3 COVID-19 i nauieHTiB 3 XPOHIYHMMU
3aXBOPHOBAHHSAMU 3 BUCOKMM PU3UKOM FOCTPUX CEPLLEBO-CYAUHHMX NMOAiN, 3abe3nevuyoun iX paHHE
BUSIB/IEHHA Ta BIACTEXEHH4.

KnirouoBi cnoBa: nepcoHanizoBaHa MeamumnHa, COVID-19, BigaaneHuii MOHITOPUHI, NePEHOCHI Npu-
CTpOi, TenemMeanumHa, umdbpoBe 340pOB’a, apuUTMii, cepLeBO-CyAMHHI 3aXBOPHOBaHHS, MiOKapauT.
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Remote Monitoring for 5P (Predictive,
Preventive, Participatory, Personalized, and
Precision) cardiovascular medicine: Progress
Amidst COVID-19 Pandemic

Oleksiy Bashkirtsev?, Vira Gaevskal:3, Zoriana Bilous?,
Lysa Liliia?, Olena Zimba!:3

Department of Research and Innovation, Edem Medical
Center, Strilky, Ukraine

’Kyiv Medical University, Kyiv, Ukraine

3Danylo Halytsky Lviv National Medical University, Lviv, Ukraine

The novel coronavirus disease 2019 (COVID-19) has emerged
as a global pandemic that has affected the lives of billions of
people. Clinical studies have reported an association between
COVID-19 and cardiac diseases. Remote monitoring powered
by wearable sensors impacts medical care by enabling health
monitoring outside of the clinic. Wearable devices can provide
a noninvasive and continuous multi-parameter assessment of
ECG, Heart Rate Variability, arterial blood pressure, oxygen
saturation and respiratory rate evaluation. Such monitoring
may help predict and prevent cardiovascular events related to
COVID-19 addresses the growing demand for a novel 5P (Pre-
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medicine approach. This article aimed to review current and @ ®»

prospective advances in wearable devices for cardiac moni- © All authors, 2023
toring and their progress toward clinical application during the

COVID-19 pandemic. We performed bibliometric analysis by Scopus, the largest and well orga-
nized bibliographic database and analyzed the top-cited articles in this field. Our analysis includes
an overview of the most widespread practical implications of CVD-focused remote patient mon-
itoring techniques based on wearable personalized devices. Assessment for both COVID-relat-
ed conditions and general cases is included in the analysis. Recent studies have reported that
cardiac abnormalities present in 19.7-27.8 % of hospitalized patients with COVID-19. COVID-19
associated myocarditis and heart rate abnormalities frequently occur. Additionally, patients with
pre-existing CVD and hypertension are at high risk of worse outcomes. Data from several studies
have identified atrial fibrillation as the most common form of arrhythmias in COVID-19 patients.
Worsening of existing atrial fibrillation in COVID-19 patients is also a serious clinical concern.
Implementation of wearable ECG devices for remote monitoring can improve the management
of patients with atrial fibrillation and those at high risk for its development. Telecardiology based
on wearable devices and remote monitoring allow out-of-hospital control of COVID-19 patients
and patients suffering from chronic diseases at high risk of acute cardiovascular events, ensuring
their early detection and tracking.

Keywords: Personalized medicine, COVID-19, remote monitoring, wearable devices, telemedi-
cine, digital health, arrhythmias, cardiovascular diseases, myocarditis.
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BcTtyn

Hoga KOpoHaBipycHa xBopoba 2019
(COVID-19) crana rnobanbHO NaHAeMi€Ero,
sSiKa BMJIMHYNIA Ha XWUTTS MinbsapaiB nogen.
KniHivyHi gocnig)keHHs nokasann 3B'30K MiX
COVID-19 i cepueBMMK 3axBoptoBaHHAMM [1].
MMauieHTV 3 yXxe iCHY4YMMU CYnyTHIMWN 3aXBO-
pPOBaHHAMU, TaKUMU AK CEpPLEBO-CYAUHHI 3a-
xBoptoBaHHsA (CC3) i rinepToHiA, MatoTb nia-
BULLEHWNN PU3UK HECMPUATINBUX pe3ynbTaTis,
BKJItOUatoUn cMepTb. COVID-19 Moxe BUKNU-
KaTu MioKapAuT, apuTMito, iHapKT Miokapaa
Ta BEHO3Hy TpoMboembonito [2, 3]. MoTeHUiNHI
no6iuHi edpekTn nikyBaHHA COVID-19, Hanpu-
KnaZa noAoBXeHHs iHTepBany QT TakoxX Moxe
6yTu cepinosHoto npobnemoto [4].

OucTaHuUinHe crnocTepexXeHHs 3a A0MOMOror
npuiagis, WO HOCATLCA Ha TiNi, BNJIMBAE Hasd-
KiCHe HaJaHHS MeaAu4HOl AoNOoMOrm, 403BONS-
I0UM KOHTPONIOBATK CTaH 340pOB’S 3a MexaMu
KNiHikn. TepeHOCHi NpuUcTpoi MOXYTb 3abes-
neynmTu HeiHBasuBHY Ta 6e3nepepsBHy 6ara-
TonapaMeTpuyHy ouiHky EKI, BapiabenbHOCTI
CepueBoro puTMy , apTepiasibHOr0 KpoB'SHOro
TUCKY, caTypauii KMCHIO Ta 4acTOTU ANXaHHA
[5]. Takun MOHITOPUHI MOXe A0MOMOIrTU ne-
peabauntn Ta 3anobirtm cepueBo-CYAMHHUM
noaiaM, nos’szaHuM 3 COVID-19, 3an0BOSb-
HAOYM 3poCTarounii NONUMT Ha HOBWMIW nNig-
xig po megmumHn 5P (Predictive, Preventive,
Participatory, Personalized, and Precision) [6].
KpiM TOro, po3WuUpeHHA BUKOPUCTAHHA Me-
TOAIB ANCTAHLINHOrO MOHITOPMHIY MaUiEHTIB
BMXOAUTb AaNieKo 3a paMKW BMMaAKiB MoB  si-
3aHux 3 COVID-19. lMpwunaan, BUKOPUCTaAHHSA
AKMX HabyBa€ BcCe 6iNbWIOro NOWMpPEHHS nig
yac naHaemii, BNAMBalTb Ha rnobanbHy rpo-
MaACbKy OXOpOHY 340poB’s. La 3miHa gonomo-
e MeAWYHMM npauiBHMKaM, AKi NpaukooTb i3
cepueBo-CyAUHHMMU 3aXBOPIOBAHHAMU — TO-
JIOBHOIO MPUYMHOK CMEPTI B YCbOMY CBITI.

Lia ctatTd Mana Ha MeTi po3rffaHYTU MOTOYHI
Ta NEepPCneKTUBHI AOCATHEHHA B ranysi nepe-
HOCHWUX MPUCTPOIB ANS MOHITOPUHIY cepuesol
AiSNBbHOCTI Ta iX KiHiYHY noTpeby y 3acTtocy-
BaHHi nig vyac naHgemii COVID-19. Takox 06-
rOBOPIOKOTHCSA MOTOYHI HeBUpiweHi npobnemu
Ta HasfABHI NporasanHu.

MaTepianu Ta meToamn
Mu nposenun 6ibniomeTpuyHmMin aHanis 3a [o-
noMmorot Scopus, Harbinbwoi Ta gobpe op-
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raHizoBaHoi 6i6niorpadiuHoi 6a3n gaHux, i
npoaHanisayBann Hanbinbw UWMTOBAHI CTaTTi B
uir ranysi. Ansa nowyky nitepatypu Mu BUKO-
pucToBYyBanu TepMiHM HauioHanbHOT MeANYHOI
6ibniotekn megnumHm (NLM) Medical Subject
Headings (MeSH): («npucTpoi, SiKi MOXHa HO-
CUTU>», «TEXHOJIOrii, WO HOCATbCA», «OAUCTaH-
LiiHe crnocTepexeHHs», COVID-19, <«EKIM»,
“aputmia”, “iHdapkT Miokapaa”, “roctpui
KOpOHapHMi cuHapom”, “cepueBa HepocTaT-
HiCTb").

BuMiptoBaHHSA couianbHOro BMAWBY CTaTew
NpOBOANMOCA 3a AOMOMOrow AaHmx Altmetric
(https://www.altmetric. com/). Bnnue ctaTei
Ha CycnisibCTBO OUiIHIOBaNW 3 orngaay Ha anb-
TepHaTUBHI NOKa3HMKK, AOCTYNHi Ha Altmetric.
com. KpiMm TOro, Mmu CTBOpUAM Bi3yanizauin-
Hi KapTW CniflbHOro BWUKOPUCTAHHA aBTOPIB |
K/H0YOBUX C/iB 3@ AOMOMOrol MporpamHoro
3acoby VOSviewer Bepcii 1.6.15. Mu obme-
UMW KiNbKICTb KOUOBUX C/iB | aBTOpIiB A4
CTBOPEHHSA MepeXi Bi3yasnisauii Ta BUKopucTa-
N HaMBNAMBOBIWMX. MiHiManbHMIA nopir ans
KNt04oBOro cnosa 6yso BCTaHOB/IEHO Ha PiBHi
WiCTb i N'ATb ANs aBTOPIB.

Haw aHaniz BKAOYAE Ornaa HanunoLWMpeHiWmnx
NPaKTUYHMX HaCNigKiB TeXHIK AWUCTaHUIAHOro
MOHITOPUHIY NaLUiEHTIB, OPIEHTOBAHUX Ha cep-
LLeBO-CyAMHHI 3aXBOPIOBAHHSA, Ha OCHOBI nep-
COHasli30BaHMX MPUCTPOIB, AKi MOXHA HOCUTWU.
B aHani3 BK/AOYEHO OUIHIOBAHHA AK 3aXBOpHO-
BaHb, NoB’a3aHmx i3 COVID-19.

Pe3synbTatn

CraHoM Ha 27 nuctonaga 2021 poky 6yno 271
cTaTen, Nno3HadyeHmx BULLE3aA3HAYEHUMMWU Tep-
MiHaMM MeSH y HasBi, aHoTauii YM KIYOBUX
cnoeax. BigHoBneHi pykonucu 6ynm Bpy4dHY
rnpoaHanisoBaHi Ha npegMeT IX BiANOBIAHOCTI
Ta 3B'A3Ky 3 Npob61eMoto MOHITOPUHIY cepLe-
BO-CYAUHHOI CUCTEMMN.

ObmMexeHa KinbKiCTb AocnigHukiB 6epe y4yactb
Y OOCNIAXEHHSAX AUCTAHLUINHOIO MOHITOPUHIY
cepueBo-CyAMHHOI CcUCTeMM nNig 4ac naHaemil
COVID-19. [eskKi 3 uux [oCnigHuKIB € aBTopa-
MW oaHakoBux pobiT (Puc. 1). CLUA € npoBigHoto
KpaiHow B Uin ranysi gocnigxeHb (88 craTen),
3a HuMK KayTb Itania (45) i Benuka bputa-
Hig (27). 3a KinbKicTio ctater Ao n'aTipku ni-
AepiB yBiWNKM XxypHanu Sensors Switzerland,
Sensors, Electronics Switzerland, IEEE Access
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Introduction

The novel coronavirus disease 2019
(COVID-19) has emerged as a global pan-
demic that has affected the lives of billions
of people. Clinical studies have reported an
association between COVID-19 and cardiac
diseases [1]. Patients with pre-existing co-
morbidities such as cardiovascular disease
(CVD) and hypertension have an increased
risk of poor outcomes, including death.
COVID-19 may induce myocarditis, arrhyth-
mia, myocardial infarction, and venous
thromboembolism [2, 3]. Potential adverse
effects of COVID-19 treatment, e.g. QT pro-
longation, are also becoming a serious con-
cern [4].

Remote monitoring powered by wearable sen-
sors impacts medical care by enabling health
monitoring outside the clinic. Wearable de-
vices can provide a noninvasive and contin-
uous multi-parameter assessment of ECG,
Heart Rate Variability (HRV), arterial blood
pressure (BP), oxygen saturation and respi-
ratory rate evaluation [5]. Such monitoring
may help predict and prevent cardiovascular
events related to COVID-19, addressing the
growing demand for a novel 5P (Predictive,
Preventive, Participatory, Personalized, and
Precision) medicine approach [6]. Further-
more, the increased use of remote patient
monitoring techniques goes far beyond the
COVID-19 cases. Techniques that are becom-
ing more widespread during the pandemic
affect global public health. This shift will aid
healthcare professionals working with cardio-
vascular diseases, the leading cause of death
globally.

This article aimed to review current and pro-
spective advances in wearable devices for
cardiac monitoring and their progress toward
clinical application during the COVID-19 pan-
demic. Current unmet challenges and existing
gaps are also discussed.

Methods

We performed bibliometric analysis by Scopus,
the largest and well-organized bibliograph-
ic database and analyzed the top-cited arti-
cles in this field. For literature retrieval, we
used the following National Library of Medi-
cine (NLM) Medical Subject Headings (MeSH)
terms: (TITLE-ABS-KEY “wearable devices”
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OR “wearable technology” OR “remote mon-
itoring” AND COVID-19 AND “ECG” OR “heart
attack” OR “arrhythmia” OR “myocardial in-
farction” OR “acute coronary syndrome” OR
“heart failure”).

The measurement of the social impact of arti-
cles was made using Altmetric data (https://
www.altmetric.com/). The societal impact of
articles was evaluated in view of alternative
metrics available on Altmetric.com. Addition-
ally, we have created visualization maps of au-
thors and keywords co-occurrence using the
VOSviewer version 1.6.15 software tool. We
limited the number of keywords and authors
to create a visualization network and used the
most influential one. The minimum threshold
for keyword occurrence was set at six and five
for authors.

Our analysis includes an overview of the
most widespread practical implications of
CVD-focused remote patient monitoring
techniques based on wearable personalized
devices. Assessment for both COVID-related
conditions and general cases is included in
the analysis.

Results

As of November 27, 2021, there were 271 ar-
ticles tagged with the above-mentioned MeSH
terms in the title, abstract, or keywords. The
retrieved manuscripts were manually ana-
lyzed for their relevance and their relation to
the issue of cardiovascular monitoring.

A limited number of researchers are involved
in remote cardiovascular monitoring stud-
ies amidst the COVID-19 pandemic. Some
of these researchers author the same works
(Figure 1). The US is the leading country in
this area of research (88 articles), followed
by Italy (45) and the UK (27). According to
the number of articles, the top five journals
were Sensors Switzerland, Sensors, Elec-
tronics Switzerland, IEEE Access, and Eu-
ropace. Cleveland Clinic Foundation, Har-
vard Medical School and David Geffen School
of Medicine at UCLA affiliations are associ-
ated with the highest number of articles.
National Institutes of Health, Medtronic,
Horizon 2020 Framework Program made the
most significant contribution in funding re-
searchers in this field. The main keywords in
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PucyHok 1. KapTa Bi3yanisauii Mepexi aBTopCbKOoro
criBaBTOpCTBaA

Ta Europace. Cleveland Clinic Foundation,
Harvard Medical School i David Geffen School of
Medicine B UCLA noB’sa3aHi 3 HarnbinbLwow Kinb-
KicTio cTaTein. Halibinblw BaroMuii BHecok y oi-
HaHCYBaHHS AOCNIAHWUKIB Y Ui ranysi 3pobunu
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National Institutes of Health, Medtronic, Horizon
2020 Framework Programme. OCHOBHIi KJ/1t04OBI
C/I0Ba B LUbOMY AOCMIAHMLUBLKOMY HarpsiMi CTO-
CYIOTbCSH AUCTAHLINHOIO MOHITOPUHIY, HOCUMUX
NMPUCTPOIB, NPUCTPOIB, AKI MOXHa HOCUTU, Tesne-
MeAUUMHU, LWTYYHOro iHTENeKTy, MalWHHOIo
HaB4YaHHs, IHTepHeTy peden, ddisionoriyHoro
MOHITOPUHIY, MObGINIbHOrO 340pOB'dA, Tenesno-
pOB’Sl, eneKTpPOHHOro 340poB’s (Puc. 2).

O6roBopeHHA

HenaBHi gocnigXXeHHSa noBigoMNsanM npo cep-
ueBi aHomanii y 19,7-27,8 % rocnitanizosa-
HMX nauieHTiB i3 COVID-19 [1,2]. MiokapauT
i MOpyLeHHS CcepueBOoro puTMy, MoB’aA3aHi 3
COVID-19, BuHuKatTb YacTto. Kpim Toro, naui-
€HTU 3 HAABHMMU CepLEBO-CYANHHUMU 3aXBO-
pIOBaHHAMM Ta riNepTeH3i€l0 MalTb BUCOKWUM
puU3uK ripwnx pe3synbtaTie. OCHOBHI Mexa-
HiI3MU ypaXeHHS cepus NMpu KOPOHaBipYCHIl
XBOpO6i 3anmwatoTbCa HeBigOMUMUK. [leKinbka
daKkTopiB MOXYTb BidirpaBaTM pofib, a cCaMe:
npsaMe ypaxeHHsa Miokapaa SARS-CoV-2, ak-
TUBaLUiA CMMMATUYHOI HEPBOBOI CUCTEMU, He-
NpsiMM BNAMB IMYHOMNATONOTII Ta 3ananeHHs,
AnXanbHa HeAOCTATHICTb i FMOKCid, a TakoxX
NMopyLLUEHHA esIeKTPOoIITIB.
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PucyHok 2. KapTa Bi3yanisauii kito4oBux cnis
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Figure 1. Author co-authorship network visualization map

this research area centered around remote
monitoring, wearables, wearable devices,
telemedicine, artificial intelligence, machine
learning, internet of things, physiologi-
cal monitoring, mobile health, telehealth,
e-health (Figure 2).
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Brief communication

Discussion

Recent studies reported cardiac abnormalities
in 19.7-27.8 % of hospitalized patients with
COVID-19 [1,2]. COVID-19-associated myo-
carditis and heart rate abnormalities occur
frequently. Additionally, patients with pre-ex-
isting CVD and hypertension are at high risk of
worse outcomes. The underlying mechanisms
of heart involvement in coronavirus disease
remain unknown. Several factors may play a
role, which are SARS-CoV-2 direct myocardial
injury, activation of the sympathetic nervous
system, indirect impact of immunopathology
and hyperinflammation, respiratory failure
and hypoxia, and disturbances of electrolytes.

Data from several studies identified atrial fibril-
lation (AF) as the most common form of ar-
rhythmias in COVID-19 patients [3]. The wors-
ening of existing AF in COVID-19 patients is also
a serious clinical concern. Implementing wear-
able ECG devices for remote monitoring can im-
prove the management of patients with AF and
those at high risk for its development [5]. The
US Food and Drug Administration approved the
direct-to-consumer mobile devices Apple Watch
1-lead ECG to diagnose atrial fibrillation.
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Figure 2. Visualization map of keywords
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[aHi Kinbkox gocniaxeHb BuaBmuaun dibpunsauito
nepeacepab (®M) Ak HannowmpeHiwy dopmy
apuTMmii y nauientis 3 COVID-19 [3]. Morip-
WweHHA HaasHoi O y nauieHTiB 3 COVID-19
TaKOX BUWK/INKAE CEpPMO3HE 3aHEMOKOEHHS.
BrnpoBag)xeHHa nepeHocHux EKI-npuctpois
ANa ANCTaHUIMHOro MOHITOPUHIY MOXe noKpa-
WMTN BeAEeHHS mauienTiB i3 P Ta ocib i3 BU-
COKMM pu3nKoM ii po3BuTKy [5]. YnpasniHHA
3 KOHTPOJIIO 3@ 4KIiCTHO XapyoBUX MPOAYKTIB i
MeamkameHTiBa CLUA cxBannno BUKOPUCTaHHSA
Mob6inbHUX NpucTpois Apple Watch 1-lead ECG
Ans giarHoctmku @ibpunauii nepeacepab.

OcobnuBe 3aHENOKOEHHS BUKIIMKAE CKPWUHIHF
i MOHiTOpMHI COVID-19, W0 NOAOBXYE iHTEp-
Ban QT (a3uTpoMiumH, noniHaBsip, pUTOHaBIp
Towo) [4]. HewonaBHE nepeBipoyHe Aochi-
J)KeHHs nokasano, wo TexHonorisa EKI Apple
Watch 3 ogHuM BiaBeAeHHSM A03BOJISIE MPOBO-
OVUTU afeKBaTHUIM ANCTAHUINHWUIA MOHITOPWUHI
iHTepsany QT y 94% Bunaakis, BK/OYHO 3
ambynatopHmMuM nauieHtamm 3 COVID-19, aki
OTPUMYIOTb JIiKyBaHHSA, WO MOAOBXYE iHTEp-
Ban QT [4].

Brief communication

AKTUBHe BMNpoBaAXeHHS 6e3nepepBHOro cep-
LEeBO-CYAMHHOrO MOHITOPWUHIY 3a A0MOMOrok
NepeHOCHUX MPUCTPOIB Y MPaKTUKY OXOPOHMU
3400poB’a 6yno 6 KOPUCHUM 3 Pi3HUX NPUYNH
nia 4ac nangemii COVID-19.

Mo-nepwe, nporpec y CUCTEMiI MNEPEeHOCHUX
MPUCTPOIB AOMOMara€ nepeksiactu Tdrap 0xo-
pOHM 340pOB’A 3 NikapHi Ha AOMaLUHIA i rpo-
MaACbKWIA MOHITOPWHI, TUM caMuMm 3abe3ne-
UylouM CTauioHapHy JAonoMory nauieHTam,
ki noTpebyloTb rocnitanisauii, i 3MeHLwWYyun
nepexpecHe 3apaXeHHs, YHUKal4un iHdiKy-
BaHHA Mig 4ac Bi3uTIB A0 nikapHi. lNMNo-gpyre,
TaKi TexXHoNoril 403BOJIAKTbL NOCTavalibHUKaM
MeaMYHUX NOCNYyr AWCTAHLINHO KOHTpOJtOBa-
TW CTaH 340poB’s nauieHTiB 3 COVID-19 ner-
KOro CTyneHd THAXKOCTI, aKi caMoi3ositoBanucs
Ta nepebyBatoTb Ha AOMALUHbOMY KapaHTUHI
NpoTAroM TpMBaNOro Yacy, ocobanBo TUX, XTO
Ma€E BUCOKUN PU3UK YPaxKeHHS cepus, Hanpu-
Knaa, nan niTHbOro BiKYy, 3 HassBHUMKU cep-
LeBO-CyaAMHHUMN XBOpobaMu , rinepToHi€ED Ta
LyKpoBuMM giabetoM. [Mo-TpeTe, AUCTaHUINHe
OOMalUHE CroCTepeXXeHHA 3a nauieHTamMn 3

How to set up:

° = Press the Blosensor "ON” button once. o = Set up a Hotspot Settings on your mobile
phone according to the App manual
+ Connect device to mobile App by verifying
ID of the device.

= A green Ught will start to flash,
* Create a patient using mobile App

-

Dry thoroughly using a towel.

MOTE: Do not wse wipes or isoprogyl
aleobol to clean the thin prior to applying
the Blosensor. Alcohol dries the ciin,
Increanes the possibility of siin mtabon
and can reduce the electrical tigaal

to the Busensor

Remove the release Liner from the
rew patch by peeling & from the
edge s Indicated.

= Shave Indicated area (i necessary).

« Clean skin with soap and water,
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= Place the Blosensor on the chest.

* Press the Biosensor firmly for minimum
of 30 seconds.

+ Start Recording from mobile App.

PucyHok 3. Mpuknag 6ioceHcopHoro niactupy — 6araToCEHCOPHUIA OAHOPA30BUI NMPUCTPIl
ONS MOHITOPUHIY cepueBoi gisnbHocTi (Ao 7 AHiB: EKI y 2 BigBeaeHHsax, Temnepatypa, BCP, yacTtoTa AnxaHHSA):
ofHOpa3oBui | 6e3 nia3apsaky akymynaTopa
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Screening and monitoring COVID-19 QT-pro-
longing therapy (azithromycin, lopinavir, ri-
tonavir etc.) is of particular concern [4].
The recent validation study found that Apple
Watch 1-lead ECG technology allows adequate
remote QT monitoring in up to 94% of cases,
including COVID-19 outpatients on QT-pro-
longing treatments [4].

Active implementation of continuous cardio-
vascular monitoring by wearable devices in
healthcare practice would be beneficial for
different reasons during the COVID-19 pan-
demic.

First, advances in wearable technologies help
shift the health care burden from hospital to
in-home and public domain monitoring, there-
by ensuring inpatient care for patients who
need to be admitted into a hospital and re-
ducing cross-contamination by avoiding infec-
tion during hospital visits. Second, wearable
technologies allow medical care providers to
remotely monitor the health status of self-iso-
lated Covid-19 patients with mild severity and

Brief communication

quarantined at home over time, particularly
those at high risk of cardiac involvement, e.g.,
older age, pre-existing CVD, hypertension and
diabetes. Third, the remote home monitoring
of non-COVID-19 patients with chronic illness-
es is also crucial for early screening of any
sudden cardiac deterioration in times of lim-
ited access to proper medical care during the
pandemic.

Adhesive biosensor patches (Figure 3) and
wristwatches like the Apple Watch are the
most common wearables for remote ECG
monitoring. Notably, the results of random-
ized clinical trials showed that some wearable
devices have superior performance in detect-
ing hidden arrhythmias than traditional Holter
monitoring.

There are several steps involved in remote
cardiac monitoring (Figure 4). The patient's
vital signs are being recorded out-of-hospital.
The readings are synchronized with the cloud
by using an intermediary storage device, like
a smartphone, or directly from remote moni-

How to set up:

-

+ Press the Blosensor 'ON’ button once.
= A green Ught will start to flash.
» Create a patient using mobile App

wwrm
W

\&

= Set up & Hotupot Settings on your mobile
phone according to the App manual
+ Connect device to mobile App by verifying

D of the device.

)

Dry thoroughly using a towel.

MOTE: Do not wte wipes or soprogyl
alcobol to clean the thin prior to applying
the Blosensor. Alcohol dries the siin,
increases the possibility of skin imitation

and can reduce the electrical sigaal
to the Baxsensor

Remaove the release Liner from the
rew patch by peeling R from the
edge a3 indicated.

= Shave Indicated area (if necessary).
« Clean skin with soap and water,

-]  —
[ 23S
. 1

= Place the Blosensor on the chest.

+ Press the Blosensor firmiy for minimum
of 30 seconds.

+ Stant Recording from mobile App.

Figure 3. An example of a biosensor patch is a multi-sensor single-use device for cardiac monitoring
(up to 7 days: 2 lead EKG, temperature, HRV, respiratory rate): Single-use and no battery recharging
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XPOHI4YHMMMK 3axBoproBaHHAMKU 6e3 COVID-19
TaKOX Ma€ BUpillanbHe 3HAYeHHS A719 paH-
HbOr0 CKPUWHIHIY 6yAb-IKOro panToBOro cep-
LeBOro noripweHHs B nepiogn obMeXxeHoro
[OCTYny A0 HanexHol MeaAn4yHOol AonoMoru nig
yac naHaemii.

Knenki 6ioceHcopHi nnactmpi (Puc. 3) i Ha-
pY4YHi roaMHHMKK, Taki Ak Apple Watch, € Hai-
NOLMPEHIWNMN HOCIAMW AN AUCTAHUIAHOro
MOHITOpUHIy EKI. TpuMiTHO, WO pe3ynbTatu
paHAOMI30BaHUX KAiHiYHUX BuNpobyBaHb no-
Kasanu, Lo AesdKi NepeHOCHI NpucTpol MakoTb
Kpawy edeKTUBHICTb Yy BUSBMIEHHI NpuxoBa-
HUX apUTMIA, HiXK TpaauuiiHe XonTepiBcbke
MOHITOPYBaHHA.

IcHye kinbka eTaniB AMCTAHUIAHOrO MOHITO-
puHry cepusi (Puc. 4). XuTTeBi nokasHWKMU
nauieHTa PEeECTPYOTbCH 3@ MeXaMu KIIiHIKW.
[Moka3aHHA CMHXPOHI3YHOTbCA 3 XMapoto 3a A0-
NMOMOroK MPOMiIXHOIro npucTpoto 36epiraHHs,
Hanpuknaa cMmaptdoHa, abo 6e3nocepeaHbo
3 MeamyHoro obnagHaHHA Ana BigganeHoro
MOHITOPUHIY. XMapHe CXOBuLLe Ta aHanitTuka
HaZawTb MeAUYHUM MNpauiBHUKAM iHCTPYMEHT
ONS AWNCTaHLUIMHOMO BiACTEXEHHS AaHuX naui-
EHTIB. AKLWO BUHWKAKTb CUMNTOMU CepLEBOI
AVMCAYHKUIT, AaHi HAACMNAKTbCA Yepes 3axu-
LeHy XxMapHy nnatdhopMy A0 MEANYHOro npa-
uiBHMKa, WO 3abe3nedyye CBOEYACHe BTPYyYaH-
HS B HAA3BUYAMHUX CUTYyaUisX.

BUKOpUCTaHHA NepcoHasibHUX MPUCTPOIB ANA
BigasiIeHOro MOHITOPUHIY MALUIEHTIB  MOXe
6yTn obmexeHe agekinbkoma dakTopamu, npu-
YoMy HambinbLW ceplio3Ho npobnemotro € Ha-
AiMHa reHepauis NOTOKY AaHUX Yy peasibHUX
yMoOBax. SKLO NpuUCTpin He po3pobneHuin ans
AOMaLLHbOIr0 BUKOPUCTAHHS, MauiEHTU MOXYTb
MaTtn NpobrneMn 3 HUM, WO He A03BOMUTL iM
BUMIpIOBaATU TOYHI AaHi. [MigknoyeHHa npu-

Brief communication
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PucyHok 4. IntocTpauis AMCcTaHUiMHOro MOHITopuHry EKI
Ta 06pobKKN AaHnX

CTPOIO MOXe CTaHOBUTK 0cobnumBy npobnemy 3
TOYKW 30pYy B3AEMOAIT 3 KOPUCTYBAYEM | AKOCTI
3’egHaHHA. TepMiH npuaaTHoCTi 6aTapei € we
OAHUM OBMEeXEeHHAM npouecy BUMIipHOBaHHS.
IHWKMM Ba»XNMBMM MOMEHTOM € HKiCTb BUMI-
PIOBAHHSA XUTTEBO BaXX/IMBUX MOKA3HUKIB. He-
3Ba)XkalouuM Ha Te, WO Ha PUHKY npeacTaBieHo
6araTo CnoXmnBYMX NEPEHOCHUX NMPUCTPOIB SAKi
MOHITOPSITb CTaH 340poB 51, 6iNbLWOCTI 3 HUX
6pakye SKOCTi BMMiptoBaHb, HeobxigHOI Ans
OVCTaHUIMHOrO MOHITOPUHIY nauieHTiB. [lpo
Le CBiAYUTb HM3bKA KiNbKICTb [A03BOJIEHUX
FDA npucTpoiB Big HeMean4HUX BpeHaiB.

Y BUCHOBKax: Tenekapaionoris, wo 3abesne-
YYETLCA MNEPEHOCHUMU MPUCTPOSAMU | ANCTaH-
LiIMHWM MOHITOPUHIOM [03BONSE MPOBOAUTU
no3anikapHAHMN KOHTPOAb 3a nauieHTamu 3
COVID-19 i nauieHTaMu 3 XpOHIYHMMWU 3aXBO-
pOBaHHAMU 3 BUCOKMM PU3NKOM FOCTPUX CeEp-
LEeBO-CYAMHHUX NOAiN, 3abe3neyyroun iX paH-
HE BUABJIEHHSA Ta BIACTEXEHHS.
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toring medical equipment. Cloud storage and
Al analytics provide healthcare professionals
with a tool for remote patient data tracking. If
symptoms of cardiac dysfunction develop, the
data is sent via the secure cloud platform to
the health care provider, ensuring timely in-
tervention in emergencies.

The use of personal devices for remote patient
monitoring may be limited by several factors,
with the most significant challenge being the
reliable generation of the data stream in re-
al-life conditions. If the device is poorly de-
signed for homecare use, patients may strug-
gle with it, preventing them from measuring
accurate data. The device’s connectivity may
pose a particular challenge in terms of user
experience and connection quality. Battery life
is another limitation of the measurement pro-
cess. Another important consideration is the
quality of vital signh measurements. While nu-
merous consumer-grade wellness wearables
are on the market, most lack the measure-
ment quality needed for remote patient moni-
toring. It is evidenced by a low number of FDA-
cleared devices from non-medical brands.
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Figure 4. Illustration of the remote ECG monitoring and
data processing

In conclusions: Telecardiology based on wear-
able devices and remote monitoring allows
out-of-hospital control of COVID-19 patients
and patients suffering from chronic diseases
at high risk of acute cardiovascular events,
ensuring their early detection and tracking.
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