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Abstract

The cardiac sequelae of coronavirus disease 2019 (COVID-19), a worldwide global pandemic, are still uncertain, par-
ticularly in the asymptomatic, low cardiac risk outpatient population. This study aims to evaluate the asymptomatic, low
cardiac risk out-patient population who recently recovered from COVID-19, using 2-D left ventricular-global longitudinal
strain (LV-GLS) proven to be capable of detecting subclinical myocardial injury. Out of 305 COVID-19 positive patients,
70 asymptomatic out-patients were determined as the study group and 70 age and sex-matched healthy adults as the control
group. The echocardiographic examination was performed with the Philips IE33 system, and LV-GLS was measured using
commercially available software QLAB 9 (cardiac motion quantification; Philips Medical Systems). The absolute value of
LV-GLS <18 did deem to be impaired LV-GLS. The absolute value of LV-GLS was statistically significantly lower in the
COVID-19 group than in healthy controls (19.17 +2.65 vs. 20.07 +2.19, p=0.03). The correlation between having recovered
from COVID-19 and impaired LV-GLS (<18) did detect with the Pearson correlation test (p =0.02). Having recovered from
COVID-19 was found as a predictor for detecting impaired LV-GLS (<18) in the multivariable logistic regression analysis
(odds ratio, 0.133 (0.038-0.461); 95% CI, p=0.001). This study suggests that COVID-19 may cause subclinical LV dys-
function detected by LV-GLS during early recovery even in a population of patients at low cardiac risk, asymptomatic, and
recovered with home quarantine. The study findings indicate that the long-term cardiovascular follow-up of these patients
may be more important than thought.
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Introduction reported [2, 3]. Also, many studies have shown that the mor-
tality rate from COVID-19 increased more than three times

Ever since it was first identified in November 2019 and  in patients with underlying cardiovascular disease [4—6]. The

declared a global pandemic in 2020, coronavirus disease
2019 (COVID-19) remains one of the most common causes
of mortality and morbidity, without losing popularity world-
wide [1]. While the respiratory system is the main target
of the Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2), which causes COVID-19, cardiovascular
involvement, including myocarditis and cardiomyopathy,
various arrhythmias, and heart failure, is increasingly being
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main parameters used to determine COVID-19-induced car-
diac injury in clinical practice are increased serum troponin
levels and an overt reduction in left ventricular ejection frac-
tion (LVEF) on the transthoracic echocardiography (ECHO)
and reported in 8% to 28% of patients [7, 8]. However, in
recent studies using more sensitive diagnostic methods that
can detect subclinical myocardial damage, such as cardiac
magnetic resonance imaging (MRI) and 2-D left ventric-
ular-global longitudinal strain (LV-GLS), reported cardiac
involvement reached 80% [9, 10].

Since the disease is a pandemic that maintains its popular-
ity worldwide, the number of asymptomatic patients recov-
ered from COVID-19 who apply to the cardiology outpatient
clinic with the concern of cardiac sequelae is gradual. Data
on cardiovascular sequelae associated with COVID-19 are
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insufficient, particularly in patients with normal ECG and
cardiac markers, no cardiac symptoms, low to moderate
cardiac risk, and recovered from the disease without hospi-
talization. The purpose of our study is to evaluate this low to
moderate cardiac risk patient population who recently recov-
ered from COVID-19 with home quarantine, using LV-GLS,
which has proven to be able to detect subclinical myocardial
injury without overt reduction in LVEF [11, 12].

Materials and methods
Study design and population

This study is a single-center, cross-sectional, prospective
research held between December 2020 and March 2021 in
Ahi Evren Thoracic and Cardiovascular Centre, Trabzon,
Turkey. The study participants were prospectively enrolled
from a total of 305 outpatients diagnosed with SARS-CoV-2
by reverse transcription-polymerase chain reaction (PCR)
in the upper respiratory tract swab test and recently recov-
ered from COVID-19 with ten days of home quarantine.
The median (interquartile range) time interval between the

initial diagnosis of COVID-19 and cardiology outpatient
clinic examination was 23 (11-89) days. At the time of the
first diagnosis of COVID-19 or admission to the cardiol-
ogy outpatient clinic after the recovery, those who have
lung involvement on computerized tomography or chest
X-ray, those with any cardiac symptoms (chest pain, syn-
cope, palpitations, shortness of breath during ordinary daily
activities), those with abnormal ECG (ST-segment eleva-
tion or >1 mm depression, any arrhythmia) and abnormal
cardiac troponin I/T (cTnl /cTnT) values, were excluded.
Besides, patients with older age (over 80 years old), low
LVEF (<50%), severe valvular heart disease, pre-existing
CVD, pulmonary hypertension (PHT) > stage 2 hypertension
(HT), chronic obstructive pulmonary disease, malignancy,
chronic liver or kidney disease [glomerular filtration rate
(GFR) <30 ml/min] and poor echogenicity also excluded
from the study. All participants above 40 years old did select
from patients with low to moderate cardiac risk based on the
Systemic Coronary Risk Assessment (SCORE) risk score
(calculated SCORE < 5%) [13]. Among subjects under the
age of 40, with a family history of early cardiovascular dis-
ease (CVD) in a first-degree relative (sibling or parent),
documented familial hypercholesterolemia, juvenile-onset

Patients who recently recovered from COVID - 19 throught home quarantine (n=305)

Inclusion criteria:

\

At the time of the first diagnosis of COVID-19 or admission to the cardiology outpatient clinic after
the recovery without any of the following:
« lug involvement on computerized tomography or chest X-ray
e any cardiac symptoms (chest pain, syncope, palpitations, shortness of breath during ordinary daily activities )
o abnormal ECG (ST-segment elevation or
o abnormal cardiac high-sensitivity troponin I/T (hs-Tnl / TnT) values

n=122
Imm depression, any arrythmia)

Completely asymptomatic patients who recently recovered from COVID - 19 throught home quarantine (n=183)

Inclusion criteria:

e Low L VEF ( <50%),

o Severe valvular heart disease
Pre-existing CVD,

Pulmonary hypertension (PHT),
= Stage 2 hypertension (HT),

Malgnancy,

Chronic liver or kidney disease
Poor echogenicity

Refusing to participate

¢ Young or advanced age (<18 years or > 80 years), \

Chronic obsructive pulmonary disease,

Systemic Coronary Risk Assesment (SCORE) risk score > 5% ]

n=113

A

Final study cohort (n=70)

Fig. 1 Flowchart of the study
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type 1 diabetes (DM), or early-onset type 2 DM and multi-
ple cardiovascular risk factors patients excluded. The study
patients were selected from asymptomatic individuals who
applied to the cardiology outpatient clinic with the concern
about cardiac sequelae after the recovery from COVID-19
(patients; n=70) (Fig. 1). According to SCORE, the control
group consisted of age- and sex-matched adult subjects with
low to moderate cardiac risk (healthy controls; n="70). The
study protocol did approve by the local Ethics Committee of
the University of Health Sciences Trabzon Kanuni Training
and Research Hospital and the Republic of Turkey Ministry
of Health. The study was conducted in concordance with
the Helsinki Declaration and the International Conference
on Good Clinical Practices Harmony, and written informed
consent did obtain from all participants.

Laboratory and clinical information at the initial diag-
nosis were collected from electronic medical records and
repeated at admission to the cardiology outpatient clinic.
Clinical, demographic characteristics, medications were
re-inquired, blood tests, chest X-ray, and ECG repeated.
Venous blood samples were obtained just before the ECHO
examination. Biochemistry measurements, including liver
and renal function tests, total cholesterol, low-density lipo-
protein (LDL), high-density lipoprotein (HDL), triglycer-
ides (TG), high-sensitivity troponin I (hs-Tnl), C-reactive
protein (CRP), did perform. Hematological parameters were
measured as part of the automated complete blood count
(CBC) using a Mindray BC-5800 auto hematology ana-
lyzer (Mindray Medical Electronics Co. Shenzhen, China).
Hypertension diagnosis and stratification did base on recent
guidelines [14]. Hypercholesterolemia did define as the total
cholesterol > 200 mg/dl. Estimating GFR was calculated by
using Cockcroft—Gault (CG) formula. [15].

Echocardiographic evaluation

The echocardiographic examination was performed with the
Philips IE33 system (Philips Medical Systems, Andover,
MA, USA). Standardized transthoracic and Doppler echo-
cardiographic examinations were performed under continu-
ous electrocardiographic recording. Data acquisition was
completed by a 5—1 MHz sector transducer in the paraster-
nal and apical views (standard 2- and 4-chamber views).
All echocardiograms were read off-line by two experienced
cardiologists blind to patient status in line with the American
Society of Echocardiography (ASE) recommendations [16].
Two-dimensional and Doppler images were obtained during
breath-hold and stored in cine-loop format from 3 consecu-
tive beats, and average values were reported. The left ven-
tricle (LV) end-systolic volume (ESV), end-diastolic volume
(EDV), and ejection fraction (EF) were derived by the api-
cal biplane modified Simpson rule. Doppler measurements
included peak early mitral filling velocity (E wave), peak

late mitral filling velocity (A wave), the ratio of peak early
and late mitral filling velocities (E/A). Tricuspid annular
plane systolic excursion (TAPSE) was recorded on M-mode
at the junction between the right ventricular lateral wall and
tricuspid annulus in apical 4-chamber view. For myocardial
tissue velocities, tissue Doppler imaging (TDI) sample vol-
ume was placed at the lateral mitral and tricuspid annulus,
at the junction between the left and right ventricular lateral
wall and mitral and tricuspid annulus, in apical 4-chamber
view. Tricuspid lateral annular systolic velocity (S’) assessed
by tissue Doppler imaging from the apical 4 —chamber
view at the lateral segment of the right ventricle. TDI also
included the following parameters; early diastolic myocar-
dial velocity (E’), late diastolic myocardial velocity (A’),
and E’/A’. Also, E/E’ was used to evaluate estimated left
ventricular end-diastolic pressure. According to the update
from the American Society of Echocardiography and the
European Association of Cardiovascular Imaging (EACI),
diastolic dysfunction was graded according to the update
from the American Society of Echocardiography [17]. LV-
GLS was measured using the Philips IE33 system (Philips
Medical Systems, Andover, MA, USA) by commercially
available software QLAB 9 (cardiac motion quantification;
Philips Medical Systems) (Fig. 2). Endocardial borders did
monitor within the frame of 2D images at the end of the
systole. Automatic endocardial contour tracking was per-
formed in end-systole by a software (analysis) program, or
manual adjustment was performed if necessary. The tim-
ing of end-diastole was determined by the peak R wave of
the electrocardiogram, while the timing of end-systole was
determined by aortic valve closure. The analysis of LV-GLS
was performed from the three apical views (four-, three-,
and two-chamber). The mean longitudinal strain was cal-
culated by averaging the peak longitudinal strain values of
three apical views. The reference LV-GLS limit expressed as
a negative value is <—18%. Namely, the more negative val-
ues indicate better cardiac function. Absolute values of LV-
GLS were considered as >18 reference, 16—-18 Gray zones,
and <16 decreased. All values 18 and below did deem to be
impaired LV-GLS.

Statistical analysis

SPSS 21.0 for Windows (SPSS Inc., Chicago, IL, USA) did
use for statistical analyses. Quantitative data expressed as
mean =+ standard deviation (SD). Categorical data were pre-
sented as number (n) and frequency (%). For the suitable
analysis technique to choose, Kolmogorov—Smirnov, and
homogeneity of variance tests were undertaken. Independ-
ent samples t-test used for the two-group comparison of the
normally distributed variables and Mann—Whitney U-test for
the two-group comparison of the variables without normal
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Fig.2 Left ventricle global
longitudinal strain; A Regional
strain imaging in apical four
chambers; B Regional strain
imaging in apical two chambers;
C Regional strain imaging in
apical three chambers; D Global
longitudinal peak systolic strain
imaging

distribution. Categorical variables were compared using the
Chi-square test. Pearson or Spearman correlation analysis
were used for determining associations, as appropriate for
the type of data. The independent predictors of impaired LV
function (LV-GLS >—18 or absolute <18) were calculated
using multivariable logistic regression analysis. Took the
following clinical variables into account in the multivariate
procedure: age, gender, history of hypertension, smoking
and asthma, body mass index, glomerular filtration rate,
serum LDL-C, CRP and Hb levels, E/E’, diastolic dysfunc-
tion, and to have recovered from COVID-19. Assessed intra-
and inter-observer variability analysis of LV-GLS data by
reanalyzing 15 randomly selected patients (intra-observer
reliability) and calculating from a second independent
observer (inter-observer reproducibility). The compatibility
of intra- and inter-observer LV-GLS had calculated, and the
correlation coefficient of variation and intra- class correla-
tions had evaluated. A p <0.05 was considered statistically
significant.
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Results

In this study, a total of 305 patients who recently recovered
from COVID-19 infection has screened. After the exclu-
sion criteria, the remaining 70 patients (37 women and 33
men; the mean age was 43.59 +11.83 years) has determined
as the study group. The control group consisted of 70 (34
women and 36 men; the mean age was 46.66 + 16.58 years)
age- and sex-matched healthy adults. Short-term medical
treatments of COVID-19 patients included favipiravir 88%,
hydroxychloroquine18%, paracetamol 78%, low molecular
weight heparin 14%, acetylsalicylic acid 70%, and vitamin
C 68%, in line with our national health practice. The median
(interquartile range) time duration of medical treatment was
5 (3-7) days. Baseline characteristics of the subjects had
provided in Table 1. Basal characteristics of the groups were
similar, except for the serum levels of hemoglobin, hemato-
crit, mean corpuscular volume (MCV), and albumin. Plasma
hemoglobin, hematocrit, and MCV levels were lower, and
the albumin level was higher in the COVID-19 group
than in the controls (13.58 +1.59 g/dL vs. 14.37+1.43 g/
dL, 40.02+4.15% vs. 42.26 +4.24%, 85.92 +4.07 fl
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Table 1 I.Ba.seline clinical Characteristics COVID-19 group (n="70) Healthy Controls (n=70) P
characteristics of the study
population Age (years) 4359+11.83 46.66+16.58 0.209°
Sex (male) (n) (%) 33 (47.1) 36 (51.4) 0.612°
BMI (kg/m?) 27.52+4.48 27.80+5.32 0.735%
Hypertension, n (%) 9(12) 12(17) 0.478%
Smoking, n (%) 12 (17) 18 (26) 0.217°
Alcohol addiction, n (%) 0(0) 23) 0.154°
Asthma, n (%) 8 (11) 4(6) 0.227°
Hemoglobin (g/dL) 13.58+1.59 14.37+1.43 0.003%
Hematocrit (%) 40.02+4.15 42.26+4.24 0.002%
MCV (1) 85.92+4.07 87.61+4.50 0.022%
WBC (x 10°/L) 7.49+1.61 7.42+1.94 0.839%
PLT (x 10°/L) 243.42+65.54 233.65+46.47 0.312%
MPV (fl) 8.37+1.53 8.32+1.18 0.826%
Creatinine (mg/dL) 0.84+0.18 0.81+0.11 0.236%
GFR (ml/min.) 98.48+16.20 97.70+15.87 0.775%
Urea (mg/dL) 28.65+8.20 29.20+9.69 0.720*
Glucose (mg/dL)# 95 (68-187) 95 (73-254) 0.284°¢
Sodium (mmol/L) 140.43+2.29 140.25+1.43 0.583%
Potassium (mmol/L) 4.27+0.37 4.32+0.33 0.432%
Calcium (mmol/L) 9.17+0.35 9.22+0.42 0.574*
ALT (U/L)* 23 (10-201) 20 (7-62) 0.192¢
AST (U/LY* 20 (12-65) 20 (8-54) 0.959¢
Total protein (g/L) 74.04£3.67 72.35+5.69 0.230*
Albumin (g/L) 43.71+2.70 42.23+2.42 0.040°
CRP (mg/dL)* 0.5 (0.3-42) 0.5 (0.1-17) 0.204¢
LDL-C (mg/dL) 127.11+39.15 127.29+£39.87 0.981*
HDL-C (mg/dL) 51.35+11.93 52.66+15.15 0.725%
Total Cholesterol (mg/dL) 189.54 +28.68 183.53 +49.58 0.604*
Triglyceride (mg/dL)* 138 (46-542) 139 (89-207) 0.906°
hs- Troponin I (ng/L)* 0.65 (0.1-7.9) 1.4(0.1-6.78) 0.073¢
SCORE, %" 0.0 (04) 0.5 (0-4) 0.494¢
Drug Using
Statin, n, (%) 11 (15.7) 5(7.1) 0.183°
ACEI/ARB, n, (%) 7(10) 9 (12.9) 0.791°
Beta blocker, n, (%) 1(1.4) 1(1.4) 1°
Calcium channel blocker, n, (%) 1(1.4) 34.3) 0.620°
Temporary COVID-19 treatments”
Favipravir n, (%) 62 (88)
Hydroxychloroquine n, (%) 13 (18)
Paracetamol n, (%) 55(78)
LMWH n, (%) 10 (14)
Salicylic Acid (Aspirin) n, (%) 49 (70)
Vitamin C n, (%) 48 (68)

ACEI/ARB Angiotensin converting enzyme inhibitor/angiotensin receptor blocker, ALT Alanine amino
transferase, AST Aspartate amino transferase, BMI Body mass index, CRP C-reactive protein, GFR Glo-
merular filtration rate, HDL-C High density lipoprotein cholesterol, ss-Troponin I High-sensitivity troponin
L, IOR Interquartile range, LDL-C Low density lipoprotein cholesterol, LMWH Low molecular weight hep-
arin, MCV Mean corpuscular volume, MPV Mean platelet volume, PLT Platelet, SCORE Systemic coro-
nary risk assessment risk score, WBC White blood cell

“Independent t test, PChi-square test, ‘Mann-Whitney U test. *Data are expressed as median (IQR) for con-
tinuous variables. "[median 5 (IQR 3-7) days]
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Table 2 Comparison of the

; . ECHO parameters COVID-19 group (n="70) Healthy Controls (n="70) P
echocardiographic parameters
of patients and controls LV-GLS (absolute value, %) 19.17 £2.65 20.07+2.19 0.030°

LV-EF (%) 64.89+3.99 64.34+3.13 0.328%
LV-EDD (mm) 4471 £4.56 44.63 +3.98 0.906%
LV-ESD (mm) 27.86 +4.04 27.16+3.65 0.285%
LV-EDV (mL) 92.45+21.66 91.71+19.54 0.833¢%
LV-ESV (mL)* 27.02 (11-62) 27.01 (13-58) 0.362°
LV-EDV index (mm/m?) 24.17+2.66 24.30+2.80 0.779*
LV-ESV index(mm/m?) 15.05+£2.20 14.77+£2.16 0.441*
FS (%) 37.83+4.83 39.27+4.69 0.076%
IVS (mm)* 10 (7-12) 9 (6-12) 0.066°
PW (mm)* 9 (7-12) 9 (6-12) 0.189"
LA (mm) 3244445 32.89+4.29 0.553¢%
E (cm/s) 78.47+19.48 73.92+18.95 0.164%
A (cm/s) 69.50+15.53 62.48 +14.77 0.007*
E’ (cm/s) 13.22+3.80 12.47+3.97 0.256%
A’ (cm/s) 11.54+3.69 10.18+3.32 0.024*
E/E’ ratio (average) 6.22+1.65 6.29+1.84 0.825%
Diastolic Function, n (%) 0.269°¢

Normal 37 (52.9) 44(62.9)

Grade 1 DD 20 (28.6) 18 (25.7)

Grade 2 DD 10 (14.3) 8(11.4)

Grade 3 DD 34.3) 0(0)

Grade 4 DD 00 0(0)
Mitral Regurgitation, n (%) 0.791°¢

None 63(90) 61(87.1)

Mild 7 (10) 9 (12.9)

Moderate 0(0) 0 (0)

Severe 0(0) 0 (0)
Aortic velocity (cm/s) 135.39+21.86 134.14+15.70 0.700*
RA*(mm) 32 (24-42) 30 (23-39) 0.600°
RV (mm) 27.59+3.52 26.75+3.65 0.171*
TAPSE (mm) 25.77+3.80 24.84+3.42 0.135%
S’ (cm/s) 13.88+2.33 12.85+2.46 0.013*

A Peak late mitral filling velocity, A’ Late diastolic myocardial velocity, DD Diastolic dysfunction, E Peak
early mitral filling velocity, E’ Early diastolic myocardial velocity, FS Fractional shortening, /QR Inter-
quartile range, /VS Interventricular septum, LA Left atrium, LV-EDD Left ventricular end-diastolic diam-
eter, LV-EDV Left ventricular end-diastolic volume, LV-EF Left ventricular ejection fraction, LV-ESD Left
ventricular end-systolic diameter, LV-ESV Left ventricular end-systolic volume, LV-GLS Left ventricular
global longitudinal strain, PW Posterior wall, RA Right atrium, RV Right ventricle, S’ Tricuspid lateral
annular systolic velocity, TAPSE Tricuspid annular plane systolic excursion

Independent t test, "Mann—Whitney U test, “Chi-square test, *Data are expressed as median (IQR) for con-

tinuous variables

vs.87.61 +£4.50 fl, and 43.71 £2.70 g/L vs. 42.23 +2.42 g/L;
p=0.003, 0.002, 0.02, and 0.04 respectively).

The echocardiographic characteristics of the study groups
had provided in Table 2. The median (interquartile range)
time interval between the initial diagnosis of COVID-19
and ECHO examination was 23 (11-89) days. There was
no significant correlation between ECHO parameters and
time from the initial COVID-19 diagnosis in the patient
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group (LV-GLS: r= —0.006, p=0.96, and also p > 0.05 for
all of the other classical ECHO parameters, too) (Table 3).
There were no differences between the COVID-19 and
control groups in terms of the classical ECHO parameters
except the peak late mitral filling velocity (A wave), peak
late diastolic myocardial velocity (A’), and tricuspid lateral
annular systolic velocity (S°). A, A’ and S’ wave velocities
were higher in the COVID-19 group (69.50+15.53 cm/s vs.
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Table 3 Relationship between echocardiographic parameters and
time from initial COVID-19 diagnosis

Parameter Correlation Coef- P
ficient (r)

LV-GLS (absolute value), % —0.006 0.962
LV-EF (%) 0.034 0.777°
LV-EDD (mm) 0.184 0.128°
LV-ESD (mm) 0.123 0.309°
LV-EDV index (mm/m?) 0.179 0.138°
LV-ESV index (mm/m?) 0.086 0.479*
FS (%) 0.007 0.955"
IVS (mm) —-0.071 0.557°
PW (mm) 0.022 0.859*
LA (mm) 0.147 0.225"
E (cm/s) —-0.021 0.866°
A (cm/s) —0.071 0.561°
E’ (cm/s) —0.140 0.248°
A’ (cmi/s) 0.011 0.930°
E/E’ratio (average) 0.108 0.373°
Diastolic Dysfunction 0.100 0.412°
Ascendant aorta diameter (mm) —0.050 0.685%
Aortic velocity (cm/s) —0.067 0.584°
RA* (mm) —0.006 0.959*
RV (mm) 0.152 0.211°
TAPSE (mm) —0.049 0.687°
S’ (cm/s) 0.079 0.514°

A Peak late mitral filling velocity, A’ Late diastolic myocardial veloc-
ity, E Peak early mitral filling velocity, £’ Early diastolic myocardial
velocity, F'S Fractional shortening, /QR Interquartile range, /VS Inter-
ventricular septum, LA Left atrium, LV-EDD Left ventricular end-
diastolic diameter, LV-EDV Left ventricular end-diastolic volume,
LV-EF Left ventricular ejection fraction, LV-ESD Left ventricular
end-systolic diameter, LV-ESV Left ventricular end-systolic volume,
LV-GLS Left ventricular global longitudinal strain, PW Posterior
wall, RA Right atrium, RV Right ventricle, S Tricuspid lateral annu-
lar systolic velocity, TAPSE Tricuspid annular plane systolic excur-
sion

Pearson correlation analysis, "Spearman correlation analysis

62.48 +14.77 cm/s, 11.54+3.69 cm/s vs.10.18 +3.32 cm/s
and 13.88+2.33 cm/s vs. 12.85+2.46 cm/s, p=0.007, 0.024
and 0.013 respectively).

Inter- and intra-observer agreement for LV-GLS meas-
urements revealed high agreement; intra-observer: 0.94
[95% confidence interval (CI), 0.91-0.97], and inter-
observer: 0.91 (95% CI 0.85-0.96). The absolute values
of LV-GLS were statistically significantly lower in the
COVID-19 group than in healthy controls (19.17 +2.65
vs. 20.07+2.19, p=0.03). The correlation between having
recovered from COVID-19 and impaired LV-GLS (<18)
did detect with the Pearson correlation test (p =0.02,
Correlation Coefficient: —0.197). In addition, the propor-
tion of patients with impaired LV-GLS was statistically

significantly higher in the COVID-19 group than in
healthy controls when included the gray region of the LV-
GLS cut-off value (absolute value < 18) and not included
(absolute value < 16) [30 (42.9%) vs. 17 (24.3%), p=0.02,
and 4 (5.7%) vs. 0 (0%), p=0.04, respectively] (Fig. 3). In
the multivariable logistic regression analysis, it had found
that having recovered from COVID-19 was a predictor for
detecting impaired LV-GLS (absolute value < 18) (odds
ratio [OR], 0.133 (0.038-0.461); 95% CI, p=0.001). Age
was the other predictor (p =0.039) (Table 4).

Discussion

In this study, we found that asymptomatic patients who
recovered from COVID-19 had decreased LV-GLS values
than the healthy controls, irrespective of the duration of the
first diagnosis. The number of patients with impaired LV-
GLS was statistically significantly higher in the COVID-19
group than the healthy controls. Also, logistic regression
analysis showed that recovery from COVID-19 was a predic-
tor for detecting impaired LV-GLS in our patient population.

To our knowledge, this is the first prospective study on
a cohort of asymptomatic, low-intermediate cardiac risk
patients a recently recovered from COVID-19 with home
quarantine. The findings of our study provide essential infor-
mation that COVID-19 may cause subclinical myocardial
damage in the early recovery phase, even in such a low-risk,
asymptomatic, and outpatient population. This suggests the
importance of long-term clinical follow-up of these patients
in terms of cardiology.

Overt cardiac dysfunction associated with COVID-19,
defined by an increase in cTn and decreased LVEF, had
been reported to range from 8% to 28% [7, 8]. However,
later, it has been shown that subclinical cardiac involve-
ment determined by more sensitive methods could be much
higher. One of these methods, LV-GLS, has been validated
for early detection of changes in subclinical left ventricular
longitudinal function that precede overt LVEF impairment
[18-20]. Moreover, it had proven to predict future cardiac
events, including heart failure independent of LVEEF, sex,
age, and hypertension in large cohorts [21]. GLS is a simple
parameter that expresses longitudinal shortening as a per-
centage and is calculated from all modern strain software.
LV-GLS does not have a clear cut-off value and has a wide
range of expected values due to vendor variability (type and
model) of speckle tracking analysis. According to the most
recent comprehensive reports in the literature for LV-GLS,
the value of above —18% did define as standard, — 16——18%
as gray zone, under —6% as diminished [22, 23]. In addition,
the latest expert consensus document of the European Asso-
ciation of Cardiovascular Imaging (EACVI) declared that a
cut-off value upon -18% (although magnitudes are vendor
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Fig.3 Compare the number of patients with impaired left ventricular global longitudinal strain between groups A Included the gray region of
the LV-GLS cut-off value (absolute value < 18); B Not included the gray region of the LV-GLS cut-off value (absolute value < 16)

Table 4 Multivariate analysis for detecting independent predictors
of impaired left ventricular global longitudinal strain (absolute LV-
GLS<18)

Variables B SE Wald OR (95% Cl) P
Age —0.072 0.036  4.025 0.931 (0.868-0.998) 0.045
Gender 1.265 0.728 3.022 3.543 (0.851- 0.082
14.748)

HT —0.846 0.764 1.225 0.429 (0.096-1.92)  0.268
Smoking -0.24 0.654 0.134 0.787 (0.218-2.835) 0.714
Asthma —-1.278 0949 1.813 0.279 (0.043-1.79)  0.178
BMI —0.053 0.059 0.792 0.949 (0.845-1.065) 0.373
GFR —0.002 0.025 0.006 0.998 (0.95-1.048)  0.937
LDL —0.006 0.008 0.577 0.994 (0.979-1.01)  0.447
CRP 0.057 0.045 1.553 1.058 (0.968-1.157) 0.213
Hg —0.15 0.237 0.402 0.86 (0.541-1.369)  0.526
E/E' 0.133 0.16 0.689 1.142 (0.834-1.563) 0.407
DD —0.106 0.624  0.029 0.899 (0.265-3.053) 0.865
Recover- —2.121 0.625 11.51 0.12(0.035-0.408) 0.001

ing from

COVID-19

CRP C-reactive protein, E Peak early mitral filling velocity, E” Peak
early diastolic myocardial velocity, GFR Glomerular filtration rate,
Hg Hemoglobin, HT Hypertension, IVS Interventricular septum, LV-
EF Left ventricular ejection fraction, LDL-C Low density lipoprotein
cholesterol

dependent) could expect to indicate normal LV longitudinal
systolic function [24].

In a single-center retrospective cohort study, Huang et al.
[25] investigated 26 patients recovered from COVID-19. The
study populations consisted of patients with no evidence
of cardiac involvement during their initial treatment, which
described chest discomfort or palpitations and other nonspe-
cific cardiac symptoms one to three months after discharge

@ Springer

(median 47 days). The authors reported 54% of participants
with evidence of myocardial edema using T2-weighted MRI.
In a cohort of 100 unselected patients of recently recovered
COVID-19 patients (median 47 days), Puntmann et al. [9];
found that 78% of patients had cardiac involvement, and 60%
of patients had ongoing myocardial inflammation on MRI.
Patients in the study consisted of hospitalized, outpatient,
and patient groups with cardiovascular risk factors, and sev-
eral patients had new or persistent symptoms. Li et al. [26]
recently published a report of 218 patients hospitalized for
COVID-19, including 52 critically and 166 non-critically ill
patients. Their study, where they considered absolute value
LV-LGS > 21 as the optimal cut-off, reported that the car-
diac Tnl increase was 10.8%, the LVEF decrease was 22%.
In comparison, the deterioration in LV-GLS was 82%. As a
result, the authors suggested that most hospitalized COVID-
19 patients developed subclinical LV dysfunction detected
by LV-GLS, despite preserved LVEF and normal levels of
cTnl. They also reported that impaired LV-GLS (absolute
value < 21) was more common in critically ill patients (98%)
than in noncritical patients (78.3%). In our study, although
both were statistically significantly higher in patients who
recently recovered from COVID-19 compared to the control
group (p=0.02, p=0.04, respectively); including the gray
zone of the cut-off value (absolute value < 18), the propor-
tion of patients with LV-GLS deterioration was 42.9%; when
did not include the gray zone (absolute value < 16) it was
5.7%. Our study determined LV-GLS cut-off values accord-
ing to the latest detailed reports and the latest expert con-
sensus mentioned above. The patient population consisted
of low-risk asymptomatic outpatients. In addition, unlike
many other studies, our study included a control group com-
prised of age- and sex-matched healthy subjects. These dif-
ferences may explain the low percentage of left ventricular
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subclinical dysfunction in this study compared to the previ-
ous studies.

In our study, right ventricular (RV) function was evalu-
ated with TAPSE and tricuspid lateral annular systolic
velocity (S’) which are practical, reliable, sensitive, and
reproducible methods for initial diagnosis and follow-up of
RV dysfunction. Although S' values were statistically sig-
nificantly higher in the Covid 19 group, both S' and TAPSE
were within normal limits in both groups (>9.5 cm/s,
and >16 mm, respectively) [27]. In a recent study on patients
hospitalized for Covid 19, as in our study, LV-GLS was
impaired in the Covid-19 group, while LV structure, dias-
tolic function, and right ventricular function were not differ-
ent between groups [28]. In a recent MRI study conducted
in symptomatic patients who recovered from Covid 19,
involvement was reported especially in the basal and mid-
LV segments [25]. Furthermore, in numerous patient series
and case reports a similar pattern of reduced LV basal strain
was described in various forms of myocarditis [29, 30]. In an
MRI study of patients with infiltrative cardiomyopathy, the
researchers attributed this basal LV segment involvement to
being the region of greatest activity throughout the cardiac
cycle, and thus more susceptible to junctional stresses [31]
Another possible mechanism may be a higher expression of
angiotensin-converting enzyme 2 (ACE-2), the receptor of
SARS-CoV-2, in epicardial adipose tissue (EAT), which is
more prominent in the atrioventricular groove closer to the
LV basal segments [32, 33].

The exact mechanism of COVID-19 related cardiac
involvement is not yet precise. However, direct myocardial
damage, myocardial disruption at the tissue level, myocar-
ditis, an imbalance between the oxygen supply and demand
of the myocardium, increased cardiac oxidative stress, the
tendency to thrombosis due to systemic inflammation, stent
thrombosis, inflammatory plaque rupture, and ACE-2 recep-
tor-mediated systemic endothelitis are the most commonly
proposed mechanisms [34-37]. Although more sensitive
markers did not use in our study, CRP values, which the
classic inflammation marker, were not different in healthy
controls and COVID-19 groups. Moreover, all participants
of our research consisted of asymptomatic patients with nor-
mal ECG and cardiac markers. Among these mechanisms,
myocardial disruption at the tissue level or cardiomyocyte
oxidative stress previously shown to be associated with
impaired LV-GLS [37] seems to be the most logical expla-
nation for LV-GLS deterioration in our patient group.

Limitations

Our study has several limitations that should address.
The results did not validate for use in pediatric patients
(<18 years of age) and those over 80 years of age. LV-GLS

does not have a clear cut-off value and has a wide range of
expected values due to vendor variability (type and model)
of speckle tracking analysis. According to the absolute cut-
off value > 18, although values of LV-GLS were statistically
significantly lower in the COVID-19 group, it was within
the normal range in both groups. However, in a large meta-
analysis of 2597 subjects from 24 studies, the published
threshold of the mean absolute value of LV-GLS in healthy
patients with preserved left ventricle function was 19.7
(95% CI, 20.4-18.9) [38]. Moreover, although the absolute
cut-off value was set as >18 in the last EACVI consensus
report mentioned above, this cut-off value was >20 in the
table of advanced echocardiographic parameters published
in the report [21]. When these cut-off values were consid-
ered a reference, in our study, the control group had regu-
lar (20.07 +£2.19), and the COVID-19 group had impaired
LV-GLS values (19.17 +2.65). In addition, our study was
a cross-sectional single-center pilot study carried out on a
relatively small patient population. Finally, the primary pur-
pose of our study was not to elucidate the etiopathogenesis
of cardiac involvement of COVID-19, and we used only CRP
to detect inflammation in our study. However, examining
more sensitive inflammatory markers such as highly sensi-
tive CRP (hs-CRP), tumor necrosis factor (TNF), or inflam-
matory cytokines could have contributed to interpreting the
subclinical left ventricular dysfunction mechanism.

Conclusions

As a result of all these findings, our study suggests that
COVID-19 may cause subclinical LV dysfunction detected
by LV-GLS in the early recovery period even in a patient
population at low cardiac risk, symptom-free, and recovered
with home quarantine. Therefore, the cardiovascular follow-
up of these patients may be more important than thought.
More extensive studies and long-term follow-up is needed
to confirm our finds and to predicting future cardiac events.
Although there was no significant correlation between LV-
GLS and time from the initial COVID-19 diagnosis in our
patient population in the first three mounts interval, we
planned to re-evaluate the patients' 6-month and 1-year
follow-up data.
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