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AHHOTAUNA

0Ob6ocHoaaHue. [Mpy HoBoW KopoHaBupycHon uHdekumum (COVID-19) Hapamy ¢ JOMMHMPYIOLLMM NOpPaXeHWeM OpraHoB
[bIXaHWA B MaTONOMMYECKU NPOLIECC BOBJIEKAETCA CephevHo-cocyamucTan cuctema. 0gHako B JOCTYMHOM nuTepatype
aHaNUTMYECKME OLIEHKM 3neKTpoKapamorpapuyeckmx (3K ¢eHOMEHOB onMpaloTcA MWL Ha pe3ynbTaTbl UCCienoBaHUM
HeboNbLIMX BbIBOPOK M OMMCAHUA €OMHUYHBIX KIMHUYECKUX CAly4aeB, YTO OMpeAenfAeT akTyanbHOCTb NpoBefeHWA bonee
MacLUTabHbIX MCCNeAOBaHUI N1A YTOUHEHWA XapaKTepa M pacnpocTpaHEHHOCTU IKI-U3MeHEHUN Y UL, C NOLATBEPKAEHHOM
KOpOHaBMPYCHOW UH(EKLMEN.

Leno — ctpykTypm3auma nsmenennn 3Kl y naumentoB ¢ COVID-19, npeAcTaBnAoLWLMX HECENEKTUBHYIO NONYNALMIO
WuTenen r. MockBebl.

Mamepuanel u Memodsl. poBefEH PETPOCMEKTMBHBIN aHaNN3 MIEKTPOKApAMOrpaduUECKMX UCCiefoBaHWM, BbINON-
HeHHbIX ¥ 42 799 naumeHToB ¢ BepuduLmpoBaHHbIM auarHo3om COVID-19 B nepuop ¢ 10.03.2020 no 10.03.2021. Bee BKio-
YEHHble B UCCNeA0BaHWe NULA NPOXOAMIM CTALMOHAPHOE NeYeHWe B KTMHUYECKMX 6onbHMLAX . MOCKBbI, MOAKNIOYEHHBIX
K [T-ueHTpy 3KI. Peructpauma 3K npomssogunack B 12 cTaHAAPTHLIX OTBEEHWSAX, NOCNe Yero MyTEM UHTEpPHET-coeam-
HeHuA nHdopMauua nepenasanack Ha cepeep IT-ueHTpa 3Kl ¢ uenbio GopMyNMPOBKM COOTBETCTBYHOLLMX 3aKITIOUEHMIA.

Pesynomameoi. NaMenenna KT o6HapyeHbl y 54% naumenToB. Hanbonee yacTbiMy apuUTMUAMM Bbinv HapKenyaoY-
KoBan 3KcTpacucTonma u dubpunnauma npeacepann — y 12,6 u 12,0% naumeHToB cooTBETCTBEHHO. [pU3HaKKM neperpys-
KM NpaBbIX 0TAEN0B cepaua BoiABneHbl y 12,5% 6onbHbix, M3 Hux B 1,13% cnyyaeB — 3KI-nattepH TpomMboambonum né-
royHon aptepuu. HpapkTonogobHble nameHeHnA Ha 3K uMenu MecTo y 4,5% cybbeKkToB, B TOM Yncne 3 cyyan naTrepHa
bpyraga. Yactota BcTpeyaeMocTn usMeHenui ST-T coctaBuna 2,2% ot umcna Beex mccnegoBaiui. IKI ¢ yAIMHEHHBIM
unTepsanoM QT u QTc 3apeructpupoBaHa y 540 (1,26%) naumenToB. OTMeYeHbI eMHUYHBIE Clly4aun ¢pnOpUNNIALKMK Keny-
aouKoB, cuHapoMa Openeprka v AB-6noKkaabl pasnnMyHON CTeneHu.

3axnoyeHue. Ha ocHoBe NpoBefEHHOr0 aHanM3a NoayyeHo NpeacTaBneHne 0 YacToTe BCTPEYAEMOCTM INEKTPOKApAMO-
rpadumyecknx deHomeHoB y 6onbHbix COVID-19. MoaTBepaeHa BbICOKAA MHLUMOEHTHOCTb pUbpUANALMM Npeacepanin —
daKTopa pucka TpoMbH03IMbONMUECKMX OCNOKHEHUN. OHOBPEMEHHO YCTaHOBMIEHA 3HAYMTENbHAA PacrpOCTPAHEHHOCTb
JKI-naTTepHOB Neperpysku NpaBbiX OTAENO0B CepAua, YacTb M3 KOTOPbIX accoLMMUpoBaHa ¢ TpoMboaMbonueit NErouHom
aptepuu. [pyrve Habniofaemble uaMeHeHuA 3KIT xapaKTepu3oBanMCb 3HAYMTENIBHO MEHBLUEW PacrnpoCTPaHEHHOCTbO,
uUTO, 0QIHaKO, HE CHUMKAET UX KIIMHMYECKOro 3Ha4eHuA. CobpaHHbIN MaTepuan B NepcrekTUBE MOMET CIYHWUTb ONTUMMU3a-
LMW TaKTUKW BeJEHWA NaLMEHTOB NPW KOPOHABUPYCHON MHDEKLMN.

KnioyeBble cnoBa: anekTpokapavorpagua; COVID-19; cepneyHo-cocynmcToie 3ab601eBaHUA; apUTMUU; MUOKApPAWT; TPOM-
603mbonuma néroyHon aptepum; TIJA; Tene-3Kr.
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Electrocardiographic findings in COVID-19:
analysis of tele-ECGs in Moscow ECG IT Center

Varvara Y. Taskina', Alexandra E. Demkina', Tamara M. Gazashvili?, Andrey S. Shkoda?,
Anton V. Vladzymyrskyy': 3, Sergey P. Morozov'

! Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation, Moscow, Russian Federation
2 L.A. Vorokhobov Municipal Clinical Hospital No 67 of the Moscow Health Department, Moscow, Russian Federation
3 The First Sechenov Moscow State Medical University (Sechenov University), Moscow, Russian Federation

ABSTRACT

BACKGROUND: Coronavirus disease (COVID-19) affects the cardiovascular system and the primary damage to the
respiratory system involved in the pathological process. However, in the available literature, the electrocardiography (ECG)
analyses are based only on small-sample studies and case reports, which determine the relevance of larger-scale studies to
clarify the nature and prevalence of ECG abnormalities in subjects with confirmed coronavirus infection.

AIM: To determine the distribution of ECG changes in COVID-19 patients representing a non-selective population of
Moscow residents.

MATERIALS AND METHODS: We performed a retrospective analysis of ECGs from 42,799 patients from March 10, 2020 to
March 10, 2021 with a verified diagnosis of COVID-19 was performed. The study included patients admitted to Moscow clinical
hospitals connected to the ECG IT Center. A standard 12-lead ECG was obtained and transmitted via an Internet connection to
the server of the ECG IT Center, where the ECG interpretation was performed.

RESULTS: ECG changes were detected in 54% of patients. The most common cardiac arrhythmias were supraventricular
extrasystole (12.6%) and atrial fibrillation (12.0%) reported in patients. Signs of the overloaded right heart were detected
in 12.5% of cases, of which the ECG pattern of pulmonary embolism was confirmed in 485 patients (1.13%). Infarction ECG
pattern was observed in 4.5% of patients, among which 3 cases of Brugada ECG pattern were reported. The incidence of ST-T
changes was 2.2% of all study patients. Prolonged QT and QTc intervals were recorded in 540 patients (1.26%). In addition,
individual cases of ventricular fibrillation, Frederick syndrome, and atrioventricular block of various degrees were reported.

CONCLUSION: The distribution of incidence of ECG changes in COVID-19 was shown based on the data obtained. The high
incidence of atrial fibrillation, which is a risk factor for thromboembolic complications, was confirmed. Moreover, a significant
prevalence of ECG patterns of overloaded right heart was shown, some are associated with pulmonary embolism. Other
reported ECG changes were characterized by a significantly lower prevalence, which does not reduce their clinical significance.
The data obtained may be used to improve COVID-19 patient management strategy in the future.

Keywords: electrocardiography, COVID-19; cardiovascular diseases; arrhythmias; myocarditis; pulmonary embolism; tele-ECG.
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o 54% MWIEBEFRI T OBEEIS . 5 LK
OV = LRI RO B8, 3 RIfE
12.6% A1 12.0% MEE PR, 12.5% K&
FHRIH A LA S, Hp o 1.13% (485
2 EE) BB, 4.5% IR
O E P B AL I R AE AR, e
3 M2 Brugada . ST-THAZMIK A% H2. 2%
o 540 4/ (1.26%) idsk 7V HEEKK QT M
QTc [AJHARY ECG.

ANEFEER =, B E g SR s =A%
SRR ARSI/

FERFRBRRLT

X FL IR ST B 4 T B, el R 78 BRI A 1
AR IR, JEH KA —FPL L (54%) Hf
2 COVID-19 fEREEHE . REMEEE S IR
I B B e R I 5 RORE B R M A BR G TSR
IR, HAETFZEENERPAENESE [9, 12—
14]. COVID-19 A0 I FF ARE AT I S A 22—
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RETIRAR G W R FNLE] . TGS FE K R,
DMK B R T AR 5 I Bk R 2k 2
(ACE2) 454, AT 11 HUfdigupufs i) ACE2
AR Tk T O NER ML N R, ARG R Bl
BkPR. Rk, KAFRFESOIEEBE. O
B RORERR A ek kT TR, IRAE<4n
DRl R 2R TR 1) B 28 S B s J R e, TE NI
I R NRESEmmE (6], BALILE RS
PRI R, MK Ye SARS-CoV-2 B, HTff
Sk e T K A < o R A2 R T 1) LA
H, FEnbpem 2%k, H &2 LErisEE 49697 145
FRIFAFES] . 7, RASEGE™ER COVID-19
e, BFEERKAEREITI B BT XU Al
R ERNSERYEE [2, 6, 12, 15]. COVID-19
500 78 P 2 18] IR SRR BB I, T A 1
Jp3 PR IR e O 3ERE, T SARS-CoV—-2 &1
HEEk g E 2tk o= (6],

KB B A At B 2 el TR s B R L BB )
O HL LR BT R G4k, 1T LLR 50 AN 45 09 40 15 4
AL SRS, OULR . Bhifl. A o8& E A
P85 b H ARG ) R AR A, B FE A 2E, DA
Je AR FEEWMAT A H 25 O E R AR .

COVID-19 S WL I % 2 = Bk
HyE (SVD) . —MIGRSLEH, ot nl fas
W, SVIRHH W OLERE L —. OIE. KN
S, SRR M AL S EOIME R4S
g B sk FE R AR AR R 3 TSVTII R R . 1B ME
HEERE, EEEMHTEENE ST, BT
2367~ R A A omEs, MR EE TR
K ZBAR J1THAERS, mIRES K AESVT. SARS-CoV-2
I BRSO U BB R e, T IR Bk g
SRR XE, AT SVTRI R4 . HAaiE#H
R HSVT/ZCOVID-19 B35 i i DL O o
[2, 6, 9, 12],

O L I G 25 g R e O O v s U
SHAL, TERIZ R B 1 R PR 12%0 3%
R, Bz, E—BANBEF, BRI RERE
1% 2% (B A4 [16] o Jp Bk FE A 55 B HE B S50
P R ERAE BEAL DDA G, RE MR
Rl 2 RSk 432 [16] o 1 60 2R gL 1O 17
DR, &5 RIERRN . R e7 EE 5| K
SULRER] 5 RO ER T [12, 14, 171, AW
WEoE 45 R, G 0 v 1] B AR B 3 1)~ 24
BN 69.6+115.7 %, XK EEN fERK:
R, BRI KREIRREFL, KA E s
ATREMEA0 5 DA BN D88, SRR 2 A #e 22
FERIERBE AT Z/) 156 ANREER R — [16]. &
EE R IR A R K, AR BE O I AT )
WHRA B R AR, XWE T B kAL
EBEIEZ DU TR 1S 4518, e R 5 il 28 J
AL e B A s (9, 13, 17, 18]
o Y. Wangf&Z# (18] i1 319 HEFEM
WESE COVID-19 B3 FIGREFE . ™ HE K
R, BRSSP I 52
FHr, et ESHAL (p <0,05) . EEIHFHF
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. BE  (h=42799)

E:EN 2B pre "
= bR 5401 12,6
PR P O R
WYzt 5142 12,0
SO E 3050 7,13
O E 3 0,007
OBl 22
o 5 EAE SR CREFEED 19 0,04
o FEPEET 2 7 0,016
ST-T 784k 924 2.2
25181 Brugada 1384k, 3 0,007
SQ,T, K% 485 1,13
FEZEFEAZ AL 1941 45
SO LR I 214 05
B AR 5338 12,5
QT-QTc ZEK 540 1,26
HoAtoO B GOEEB) . o f 4w SR A RS 46 0,11

AR B B A9 B 2 v T EERE A (p <0, 05) o fE i
F DR R ENIAS B AT (eTnl) o FIENIE (NT-
proBNP) . D- B4R, C—Jx iR FH AIRAS e 7K
PHERRAERSTEESS (p <0,001) .
Z LB R P AR R AT 43 AT 2R B, NT-proBNP
IR FAAE RS T e A2 o0 5 Bl I A S Fi0m R -7, i
O R Eish XSS BERESET: (OR=3. 857; 95% A {5 [X
(B 1. 506-9. 879) Ffd HALIME S (OR=4. 701
: 95% C1 1.864-11.856) MyAhi~r fa k2 [18]
o NRHE 2 B ™ B 56 R 7 B JB% L B I A A 2 I RORE
FFCT KBS B Fe 45 51, aT A 4518, X
COVID-19F1 4 Ff00 5 BB 1 2B A Al B pu st in
I 0t T T 2T IR Ad ZE RN R A M AL ) X I A o BE

1o

S 0 Bl sk T 12 e R 0 BRI R — FR AR Y
LD EZEEE . IRIERATMMEE, 78 IR
TREE BRI — B, SO R A
NT.13%. D.  WangFl-& 35 FH I FC (19 35852
COVID-19 {EBRiByrHy 138 AHiFE, £ 17% K
i A51) RS 28 0o By S, T 9 A 7 L I N R
SEMI R s, OVERRE FIINERIAR] 44, 4%, 10
1E HAb AT B R AT 6. 9%, SO shd
PR R FEE X 8 AT I AR ek R A i 7 A A7 THT 520
MRAEY. Wang MEZFHFMIUE (18], SEMELZ)
R EAET-ZE (OR = 6.545; 95% CI 3. 166-
13.531; p <0.001) A& H NHUWGES K87
fERIRIZE (OR = 4.804; 95% CI 2.322-9.941
: p<0.001) . M ZIAAE, TR0,
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A Al RE LA IR IR Th RE IR 55 O T PR R O R A2 O =
I ThaefE 4%, DRI R e St stk 3 i JRURG: 0 JUL
I 3

MR AT W, BRI, 7 23,113
S RGO R R il & R, A 7
A I 2 SO I 22, 19 A I B A B R EE 1
5 = AL T FH A

RS, AOEMOLEERRESR. HOE
O & SR AU ZE 5K 7. I3 ik i T R i A4 26 4
RAAFAEIESE T A . 12, 5% IR 21
COVID-19 HFH L T AN L% . A
O B A B i L R LR A R S AR S B T 20T
ik AT, KRB EAE®M,. /£ G V. Ry-
abykina [7] AT TWI5 COVID-19 HFEHHCrH
B4 O NBARAE, TE0 8T 150 ANCrHL AT,
R IAT O T RS2 B AR S A e a4
RS AL SR (42, 6%) « A7 5 WIPHE (41. 3%) .
Oy E S QT 28 (33, 3%) FlAT 0 =5 B & FRAARAIE
F BRI N oI (14. T%) o FEA7 ALY
%T’ )I%‘ SIQIHTIH E‘iﬁ?fﬂﬂj"j%‘@ﬂﬁiﬁ‘@ﬁ‘bﬂﬁ
i AL f I A A ZE R JR AR EWE SRR o< E . AR
PEocHk, Bt S,Q Ty~ eaetfA R AL S
fiv Vo, MISEE ST Bifm5 st RS AH %
[20]. 1% ECG #EXidxfE 485 #EEh, BE
JEiFS N At 2E . K, HREFIMHLSN A
PESGF COVID-19 BUA I mdt S A ERFE, 18
TO R B AR R A 02 R0 L AR U, B G
N7 HE B o Al 2E
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O HL P BRI S P o JUL A5 45 AR RE B A8 £
MR S YMEE R 38 SCIRIRIE , e IR B JX
Q5T O K AR A EI R, Hk
AL 5 06 52993 B 5 00 Ao LG 2 30 S 2 S LA

%X [2, 3, 6, 8 19, 20]. &AMLIIGE
FERIET R m A IS, RIS, Shifié

F (2] 1EAWRIR. S50 = A28 50 o b 1 45
RA16 A2 15 IR 5 B B i B, 1E
HONELE g EEY, BN EE TERA
X R EE - 51.2% vs 4.5% (p <0.001)
o SWARXMIFRIEREEMIL, O EE
ERER I (OR = 4.26; 95% CI 1.92-9.49)
FIONBE )25 (OR = 3.41; 95% C1 1.62-
7.16) [2].

RO L O i RAE S A FE DY S b
WIRIE FI9 /N, T~ SECRM SR s A7 ST
Bt¥hm, ST BUJERMK, Vv, Al aVR SEEH T W%
FIE [20]. FAIPFEARH, 2.2% MIEEHEICFE
B TRMLI ST-T #X. ENIZEERZ, 7
ORISR, R B IE R B Ok
W RCPHAT . QT TR A ZE A AN O 95 A #E AR
i [3, 6, 20].

AN, AN ZIVEBrS RO AR, B
AARSEER AR v, SEE ST BiFrgldam (7]

AITHIMEHE R T 3 ANRBIMZES].  Bru-
gada ZEEMER ML TESR, ot O s
MBEFEH RS . fE COVID-19 H&rh, 1#
IR R A ARBIREL. ma O AT 5
FOEE ERIZEIT Brugada ZEEMEE A
i, B2, 5HIER Brugada ZEATEAIE,
XL S R B, A B ] HERS Ve 2k . R
A ARE R SGE . SRMBrugada  FEOHL AR
A2 T AN I PR SRS 2 B 24k, BRoAEA 18 s
5Ergs A, ER SO ZE (4, 20].
TEER I B IR e SO LB ML ) & AR I R, AR
2RI NI B WS 1S = R, e R Bk A T
WRYE T EEER (6, 7] B, HBERIRESR,
DL K e IR B0 ik i 52 AN SR E6: S A6 2 Oy LR A ) b 7S
M, STERCKREE, XIS, 0.5% [
BRI R 2 EE I BCG #R =,

EBE COVID-19 fEReriEEH, A 1.26% 1Y
BT QT A1 QTc [MIEK, XRETRESHE
fo AP ERRE . TEERENZoff
label EEH57 T RIENBREEEDIEZ, UK
NSRRI AT ER. AFTEM, XEhE
AR EER, Bove BEEH T4k
ESIREAL, iZHEAEE K QT A1 QTe [AIHALE
ECG LRIV, HIbA ek A e = 05)
o [ 5, 7, 20]. KRIRHEERZGWiAd A
5 QU KA R, FHEKRAEREEMO)E
XS, CHES0shidgg. A ImE. [REes
MIEMLE AR [20]. ST LR ZGYn) 2538
YER X B i, U B2 X e 2 ) J
RSzl QT [EHA, DAE Sk 4 IR 2547036 7 A
By fes S A= A O R
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BB RBR

P IAT —E R PR .

AHE TR EHE 2 e IR B COVID-19
BEMAREFIEREAR, RBEGIFIE. AR
e EARRSE . Sl S MU AR AR AS 2507 VR O il
PARAEBER (8] IXAPAE 5 i 5 A0 SR H
F<, JF RV SRR RN ol B B AR Y 3
FEER . BRI, BETC Y2 584 BEE I ]
A B e N FEOIE I35 s AU B 93 = L A T
ZHISERR R S, — TR ik o by () B A 7y
BEHIE 7E R THRIE R K

ERER A, xRN HE O
B R BEAT HE I, 0 5 BN A B — 950 7>
K, MANHIEARHTX . PrEmra o
R DML T P A R R P AR A
WAV BAK, T B SR NS AR 2 W
AT I .

e

ST, 3R13 T COVID-19 5840 Fi B 2 1
KRB . BB RO R CAGIESE,
KR Ak ZE I RO R G R N R, JCHL R AEE S
PG P RS RN S S i b gl N S o1
o RIS, LT A O AU O R U S
FATHR, K- Giiite oL, Mg S
IR B AL AR AT O . A B R H A0
PIARAL [ RF w2 R RIS 2, AR, & e
] RET B I BN AR TR A RE R, X IR
A AR EA TR IR & S

O BT AR RVPAT COVID-19 B3O I RS
TR [ B 7 (ER B % S sRAS I 73k, X R DL I
O L PRIBIE ST A BOA ] PR AR B AR DA K X 3R AT
SRR AT AR VAN 1 AT BEVE R AR RE

AR USCERFT L AT DL T IR BRI 1) SR
BLHE 1AL .

Fitinfs B

BEERR . Z CEMRE LR R FRAEK
HR i B i AR BTk, AR R R — 4
(EMISNe: AAAA-A20-120071090050-1) , &
TRl T R 2 AR B BARER I 1292020-2022.

FIzEPR. 1E#H 75 B R B 1A 25
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YEZ THR. A.E. Demkina, V.YU. Taski-
na, T.M. Gazashvili, A.V. Vladzimirskiy,
S.P. Morozov — WFFEHIME &AM 1t; V. Yu Taski-
na - SCEERURIER, XFEE; T.M Gaza-
shvili — MEHIBEFAEE; A. Ye. Demkina,
T.M. Gazashvili, A.V. Vladzimirskiy, S.P.
Morozov, A.S. Shkoda — X AYw4E. PFrEEHE
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