Folia Medica 65(1):177-182
DOI: 10.3897/folmed.65.72810

t tha medica

Rhythm and Conduction Complications
after COVID-19 Infection in Physiological
Hypertrophy of Myocardium (Athlete’'s Heart)

Ludmila Vladimirova-Kitova!-?, Slavi Delchev?, Spas Ivanov Kitov!?

! First Department of Internal Diseases, Section of Cardiology, Faculty of Medicine, Medical University of Plovdiv, Plovdiv, Bulgaria
2 Clinic of Cardiology, St. George University Hospital, Plovdiv, Bulgaria
3 Department of Human Anatomy, Histology and Embryology, Faculty of Medicine, Medical University of Plovdiv, Plovdiv, Bulgaria

Corresponding author: Ludmila Vladimirova-Kitova, First Department of Internal Diseases, Section of Cardiology, Faculty of Medicine, Medical
University of Plovdiv, 15A Vassil Aprilov Blvd., 4002 Plovdiv, Bulgaria; Email: kitov@vip.bg; Tel.: +359 888 428 255

Received: 10 Aug 2021 ¢ Accepted: 23 Nov 2021 ¢ Published: 28 Feb 2023

Citation: Vladimirova-Kitova L, Delchev S, Kitov, SI. Rhythm and conduction complications after COVID-19 infection in physiologi-
cal hypertrophy of myocardium (athlete’s heart). Folia Med (Plovdiv) 2023;65(1):177-182. doi: 10.3897/folmed.65.672810.

Abstract

The term ‘athletic heart syndrome’ (AHS) is used to describe specific circulatory and morphological changes in individuals who partici-
pate in sports competitions. The syndrome is characterized by normal cardiac function and reversible myocardial remodelling.

The incidence and severity of the post-COVID-19 cardiac pathology in active athletes are so far unclear. One of the complications
involving the heart is myocarditis. We present a case of a 23-year-old rower after having a moderate COVID-19 infection. Electrocar-
diograms showed evidence of a shift in conduction and rhythm disturbances ranging from Group 1 (normal ECG findings) to Group
2 (abnormal ECG findings) on the background of an AHS. Echocardiography (with new methods of evaluating deformity — Global
Longitudinal Strain) revealed an area with mildly reduced left ventricular deformity around the apex. To assess the subtle alterations in
the myocardium, magnetic resonance imaging was used and focal myocarditis was detected. In our patient, considering the degree of
severity of his COVID-19 infection - a moderate one, a decision was taken to perform a clinical and instrumental reassessment of his
cardiovascular complications 6 months after the infection.

This clinical case presents two substantial issues. First, is the AHS more susceptible to rhythm and conduction disturbances after a CO-
VID-19 infection than that of a person who does not actively participate in sports? Second, what the reversibility or the definitive nature
of these disturbances is, and how this impacts the prognosis associated with an active sporting activity.
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INTRODUCTION

in the afterload, which leads to volume-loaded left ventri-

Endurance sports (running, cycling, swimming, rowing)
are types of aerobic training that trigger changes in the car-
diovascular physiology by increasing VO, __consumption,
cardiac output, stroke volume, and systolic blood pressure
during exercise with an associated fall in heart rate at rest.
The result is an increase in cardiac preload but a reduction

cle.ll The term ‘athletic heart syndrome’ (AHS) is used to
describe specific circulatory and morphological changes in
individuals who participate in sports competitions. AHS is
characterized by a slow pulse, heart hypertrophy, and ven-
tricular dilation. The cardiac function is normal and the
morphological changes are reversible. !
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Standard echocardiography (EchoCG) has an essential
role in differentiating between physiological and patho-
logical ventricular hypertrophy.>* Left ventricular (LV)
wall thickness can contribute to distinguishing between
athlete’s LV hypertrophy and hypertrophic cardiomyop-
athy (HCM).

The alterations in the structure and function character-
izing AHS influence the electrocardiogram (ECG) at rest.
Physiological ECG changes have been described in athletes
aged 18 to 35, engaged in systematic training.[>®) Modern
interpretation of ECG distributes the changes observed in
active athletes into three main groups.””-#! Group 1 (normal
ECG findings) includes common changes associated with
the training, such as sinus bradycardia, first degree atrio-
ventricular block, incomplete right bundle branch block
(RBBB), early repolarization, etc. Group 2 (abnormal ECG
findings) includes uncommon (<5%) and training-unrelat-
ed ECG abnormalities: ST-segment depression, patholog-
ical Q waves, complete left bundle branch block (LBBB),
ventricular arrhythmias, etc. The third ‘borderline’ group
comprises left or right axis deviation, left or right atrial en-
largement, and complete RBBB.

The incidence and severity of cardiac pathology in
active athletes following a COVID-19 infection are so
far unclear.!) There is a growing concern regarding the
complications following a COVID-19 infection. One of
the complications involving the heart is myocarditis. Ac-
cording to evidence from literature, it is the main cause of
death in people not engaged in sports, either independently
(7%) or in combination with involvement of other organs
(33%). 119111 On the other hand, myocarditis is one of the
causes of sudden cardiac death (SCD) during training in
athletes who have not had COVID-19.[12]

Presence of acute myocarditis with subsequent patholog-
ical remodeling is difficult to differentiate from the physi-
ological hypertrophy of myocardium in athletes by using
routine methods of study.'3) In focal myocarditis, ECG is
not sufficiently definitive. EchoCG and the new methods
of evaluating deformity (global longitudinal strain) are the
methods of choice in diagnosing cases of post-COVID-19
complications in athletes.!'>!*] The gold standard in evalu-
ating the subtle alterations in the myocardium is magnetic
resonance imaging (MRI). This method is recommended
in athletes who have had mild COVID-19, so that a more
precise diagnosis can be established and the risk of fatal
complications minimized.!”)

CASE REPORT

A 23-year-old patient with anamnestic data of systematic
rowing training for 10 years had no subjective complaints.
He had been doing rowing sprint workouts 3 times a week,
at a non-professional level, no supplement intake. During a
control examination (3 years ago) in year 6 after engaging
in rowing sprint workouts the ECG findings were normal:
sinus bradycardia (45 beats/min) and incomplete RBBB.

The findings on EchoCG displayed remodeling typical of
physiological LV hypertrophy: LV mass - 322.25 g, LV mass
index - 152.73 g/m?, LV end-diastolic volume - 192 mL,
interventricular septum thickness at end-diastole (IVSd) -
12.15 mm), LV EF 66%, LV SV 45 mL, left ventricular pos-
terior wall thickness at end-diastole LVPWd - 11.45 mm).
Reported dimensions of the right ventricle (RV) were: RV
free wall 38 mm, RV basal diameter 2.7 cm, RV base to apex
diameter — 7 cm), transmitral E/A ratio - 2.276.

At the beginning of March 2021 the patient had a mild
COVID-19 infection (was PCR positive) with a toxic infec-
tive syndrome, fever up to 38°C and bronchial pulmonary
syndrome. The laboratory results revealed moderate to severe
inflammatory process - increased number of white blood cells,
elevated C-reactive protein, ferritin, lactate dehydrogenase
and hs-Troponin I. The alterations in the pulmonary paren-
chyma visualized on the computed tomography of lung and
mediastinum were pathognomonic for a COVID-19 infection
(areas of ground glass opacity, as well as ones characterized by
a crazy paving pattern), involving predominantly the left lung.

A follow-up EchoCG was performed, which confirmed the
findings of the previous one - signs of physiological myocar-
dial hypertrophy: LV mass - 298.12 g (cut-off for men 115 g/
m?), LV mass index — 130.44 g/m? LV end-diastolic diame-
ter - 4.26 cm, LV end-systolic diameter 2.73 cm, LV ejection
fraction (LVEF) - 65.8%, interventricular septum thickness
at end-diastole (IVSd) - 1.14 cm, left ventricular posterior
wall thickness at end-diastole (LVPWd) - 1.14 cm (Fig. 1A).

The diastolic function of LV (LV filling during diastole) is
determined by the ratio of E (early filling of LV) to A (loading
by left atrium systole). The E/A index is referred to as the
compliance of the LV and must be greater than 2. The eval-
uation of the mitral valve diastolic blood flow demonstrated
a supranormal transmitral E/A ratio - 2.276 (>2) (Fig. 1B).

The tissue Doppler imaging revealed increased e’ velocity
in the septal (&’ sept = 0.172 m/s), and to a lesser extent, the
lateral segments of left ventricle (¢’ lat = 0.122 m/s), (Figs 1C,
ID). Low values were found on calculating E/e’ - 5.30.

The ultrasound indices of the right cavities revealed nor-
mal size as well as parameters for normal venous pressure
on the right. The parameters of the right ventricle were as
follows: RV free wall 0.49 cm, RV basal diameter 2.7 cm, RV
base to apex diameter — 7 cm. The inferior vena cava (IVC)
parameters at the right atrium infusion site were IVC size
2.5 mm, IVC respiratory reactivity 55%.

The follow-up ECG recordings one month after the
COVID-19 infection disclosed occurrence of a second hemi-
block- an incomplete LBBB and high-grade ventricular ex-
trasystoles in addition to the incomplete RBBB. A 24-hour
Holter ECG was recorded one month after recovery from
COVID-19, which did not reveal heart rate below 40 beats/
min. Occurrence of a new incomplete LBBB was confirmed,
side by side with the presence of the old incomplete RBBB.
Occurrence of new ventricular rhythm disturbances was re-
corded as well - 3 421 ventricular extrasystoles, monotopic
up to IV b grade by the Lown system - 25 episodes of ven-
tricular volleys (Fig. 2), two episodes of short-term low-fre-
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Figure 1. (A) EchoCG of a 23-year-old patient with evidence of physiological LV hypertrophy; (B) 183 diastolic blood flow determined
by Pulse-Doppler of the mitral valve; (C) tissue Doppler in the septal 184; (D) lateral segments of the left ventricle.
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Figure 2. A 24-hour Holter ECG recording of the patient following the COVID-19 infection - ventricular volleys.

quency ventricular tachycardia (heart rate 100 beats/min).  deformity around the apex. The Global Longitudinal Strain-

The ventricular extrasystoles were managed by amiodarone.  mean was slightly reduced below the normal values - 19%
The follow-up EchoCG revealed no dynamics in the ejec-  (reference level 220%) (Fig. 3).

tion fraction of heart (LVEF%). Only the Global Longitudi- The EchoCG findings gave us grounds to perform mag-

nal Strain-mean marked an area with a mildly reduced LV netic resonance imaging (MRI), which is a gold standard in
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Peak Systolic Strain

Figure 3. Global Longitudinal Strain of the left ventricle.

assessing morphological alterations in the myocardium. In
the first post-infection month, the findings revealed that the
patient had had a focal myocarditis in the apical segment of
left ventricle (Fig. 4).

In the second month following the COVID-19 infection,
the rhythm disturbances were controlled by amiodarone;
however, the new conduction disturbance - an incomplete
LBBB persisted, as well as the old incomplete RBBB.

DISCUSSION

The case presented here demonstrates typical remodeling
of the athletic heart syndrome in a rower with 10 years of
sporting activities and alterations in the type of conduction
and rhythm disturbances, which occurred after COVID-19
infection. The AHS was confirmed by the EchoCG param-
eters presented. The myocardial hypertrophy observed

Figure 4. Cardiac MRI one month after COVID-19. Arrow - fo-
cal myocarditis in the apical segment of left ventricle.

involved equally all segments of the LV, in contrast to hy-
pertrophic cardiomyopathy, in which the basal segments
are predominantly involved.['! The Global Longitudinal
Strain-mean before the COVID-19 infection demonstrated
normal values (21.3%), which indicates preserved ventric-
ular deformity.!!#!

The compliance of the ventricle is determined by the
structural properties of the cardiac muscle (e.g., muscle fi-
bers and their orientation, and connective tissue), as well
as by the state of ventricular contraction and relaxation.
Cardiac disease conditions, such as different forms of re-
strictive cardiomyopathy, lead to a decrease in ventricular
compliance. In cases of physiological hypertrophy of myo-
cardium, as the one presented here (AHS), E/A ratio is over
2, which is a sign of normal LV loading.

The post-infection occurrence of rhythm disturbances
in the patient (ventricular extrasystoles up to IV b grade
by the Lown system), accompanied by a conduction dis-
turbance, are associated with the COVID-19 infection.
This fact is confirmed by the MRI findings, which re-
vealed a chronic inflammatory process at the apex of left
ventricle resulting from focal myocarditis. The presence
of an incomplete LBBB is definitive in nature in the sec-
ond month following infection. Other possible diagnoses
discussed in this particular patient were: coronary artery
disease (no clinical evidence, no change in ECG findings or
enzyme level), bradycardia-associated extrasystoles, dyse-
lectronemia, and hypertrophic cardiomyopathy.

As reported in literature, the screening investigation of
athletes after a COVID-19 infection has shown that the in-
cidence of inflammatory complications of myocardium is
less than 1%, and in such cases sporting activities should
be discontinued for a minimum of three months.!'”} After-
wards, reassessment of the morphological and functional
alterations have to be made.!'8! If the results of the inves-
tigations are favorable, the patient can return to moderate
load training.!') In our patient, considering the severity
of his COVID-19 infection — a moderate one, a decision
was taken to perform a clinical and instrumental reassess-
ment of his cardiovascular complications in the 6th month
following the infection. The reassessment will have to in-
clude an ECG, an EchoCG, and a 24-hour Holter; after-
wards, based on the data obtained, a cardiopulmonary ex-
ercise test (CPET) can follow if pertinent, as well as a stress
EchoCG and MRI. In case no pathological findings are
obtained, the athlete can return to training. If a clinically
significant arrhythmia is found, the sporting activities have
to be discontinued for a period of 3 — 6 months, after which
investigations have to be performed again. The likelihood
of the patient having to discontinue his active sporting ac-
tivities is not excluded, for the purposes of preventing SCD.

The case presented here places the accent on a very im-
portant and still not clarified issue associated with having
a COVID-19 infection on the background of an AHS. The
rhythm disturbances that occur after recovery (ventricular
extrasystoles IV b grade by the Lown system and a conduc-
tion disturbance - incomplete LBBB) on the background of

180

Folia Medica | 2023 | Vol. 65 | No. 1



an AHS and most likely resulting from the focal myocar-
ditis, change the risk category of the athlete from Group 1
(normal ECG findings) to Group 2 (abnormal ECG find-
ings). An autonomic dysfunction possibly resulting from
the COVID-19 infection could also be the cause of the
newly occurring hemoblock.?%) Although it is accepted
that the AHS is a physiological alteration, some scientists
are of the opinion that intensive training can lead to devel-
opment of malignant ventricular arrhythmias and may be
associated with SCD.[%!2) On that background and after a
COVID-19 infection, the risk of rhythm and conduction
disturbances is likely to be raised, which places at risk fur-
ther participation in sporting contests. It is appropriate that
the patient be monitored before returning to active training
and the intensity of the exercise stress should be reduced.
This clinical case presents two substantial issues. First, is
the athlete’s heart more susceptible to rhythm and conduc-
tion disturbances after COVID-19 infection from that of a
person not actively engaged in sports? Second, is the nature
of these disturbances reversible or definitive, and in what
way does it influence the prognosis associated with an active
sporting activity? Extensive clinical studies should be con-
ducted in the future to find the answer to these questions.

CONCLUSIONS

Instrumental studies (ECG, EchoCG, MRI) have shown ev-
idence of shift in the conduction and rhythm complications
from Group 1 (normal ECG findings) to Group 2 (abnormal
ECG findings) on the background of physiological hyper-
trophy of heart in a 23-year-old rower following a moderate
in severity COVID-19 infection. Following recovery, reas-
sessment of the cardiovascular status must be made, both at
rest and during exercise. This would prevent the occurrence
of fatal events such as SCD when the athlete returns to ac-
tive sporting activities. In what way a COVID-19 infection
associated with myocardial involvement alters the progno-
sis of athlete’s heart syndrome remains a controversial issue.
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Pe3tome

TepMuH ,,curppoM croprysHoro cepana‘ (CCC) ucnonpsyeTcs A ONMCAHUA CHelMUIecKUX IYPKYIATOPHBIX U MOpdoornde-
CKUX U3MEHEeHMI! Y JINII, y4aCTBYIOLUIMX B CIIOPTUBHBIX COpPeBHOBaHMAX. CUHIPOM XapaKTepU3yeTCs HOPMa/IbHON CepfiedHOlt QyHK-
Ieit M 06paTUMBIM PeMOJeIMPOBaHMeM MIOKap/ia.

Yacrora n TsxecTdb ceppieunolt maronoruu mocie COVID-19 y akTMBHBIX CIIOPTCMEHOB [0 CUX IOP HesACHbL. OFHIM 13 0CTOKHEHMIA,
CBA3AaHHDIX C CepflleM, AB/IAeTCA MUOKapAMUT. MBI IIpeficTaB/IsAeM CiIydaii 23-7eTHero rpedla, IepeHécIiero yMepeHHy0 NHQEKIIIo
COVID-19. Ha snekTpokapanorpaMme OTMe4eH C/IBUT HapyIIeHU T IIPOBOAMMOCTIL ¥ PUTMa OT 1-if rpynmbl (HOpMa/ibHble OKa3are-
m 9KT) po 2-it rpynmnsl (orknoHenus ot Hopmbl OKI) Ha pone CCC. Dxoxapanorpadusa (¢ HOBLIM METOLOM OLIeHKM fiepopMarym
- Global Longitudinal Strain) BbisABMIa 06/1aCTb ¢ yMEPEHHO CHVDKEHHOI ehopMaliyieil 1eBOT0 JKeTy04Ka BOKPYT BepXyIIKu. s
OLIEHKV Ma/I03aMETHBIX M3MEHEHMII B MMOKap/ie MCIIO/Ib30Ba/IM MarHUTHO-PE30HAHCHYI0 TOMOTPa(MIO 1 BBIABMIN OYaroBbII MUO-
KapauT. Y HaIero MalueHTa, yIUThIBas crerens Tshxecty nHpekym COVID-19 - cpefHIoo, 6bII0 IPUHATO pelieH e O IIPOBeeHN
K/IMHUKO-MHCTPYMEHTa/IbHOI IIePeOLieHKI CeP/IeYHO-COCYIUCTHIX OCTIOKHEHMI Yepes 6 MeCsALeB II0C/Ie 3apasKeHM.

OTOT KIMHNYECKWIT CITy4all IpefCTaB/IsIeT [Be CyleCTBeHHble IPoOmeMbl. Bo-mepBrix, sBasercst mu CCC 60/ee BOCIPUMMYMBBIM K
HapyLIeHNAM PUTMa U IIPOBOJUMOCTU nocye sapaxerna COVID-19, yeM y 4yenoBeka, KOTOPBI aKTMBHO He 3aHMMAETCS CIIOPTOM?
Bo-BTOpBIX, KaKOBa 06PAaTUMOCTD MM OKOHYATE/IbHBIN XapaKTep 9TUX HapYIUeHWIT 1 KaK 9TO BMAET Ha IIPOTHO3, CBSI3AHHBIII C aK-
TYBHOJI CIIOPTUBHOIA IeATETBHOCTDIO.

KnwoueBble cnoBa

CUHJPOM CIIOPTUBHOTO cepana, nHbekmya COVID-19, HemonmHas 610Kafa 1eBOl HOKKY IMydKa Ivca, MUOKap/uUT, XKemyLo4KoBasd
9KCTPACUCTONMA
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