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Abstract

Objectives: COVID-19 has been the primary health problem and because of the virus affinity to endothelial cells, it has become
an important reason of vascular problems and cardiac injury. After mild COVID-19 infection, patients frequently attend to the
cardiology clinics with cardiac symptoms and their primary cardiac tests are mostly normal. The aim of the study is analysing
if the difference of cardiac deterioration could be shown with 2D-speckle tracking echocardiography between symptomatic and
asymptomatic patients when transthoracic echocardiography parameters are normal. Methods: In this retrospective single
centre study, total of 2741 transthoracic echocardiography records were assessed and post-COVID patients (n:108) were detected
and divided into ‘symptomatic’ and asymptomatic’ patient groups and left ventricular global longitudinal strain values were
compared. Results: The number of patients with normal global longitudinal strain values were equal in the groups and the
number of patients with impaired GLS values in the symptomatic group were more than the asymptomatic group (15 patients in
the symptomatic group and 4 patients in the asymptomatic group) and the difference was statistically different (p=0,008). The
average GLS values were -18,88±2,50 in the asymptomatic group and -17,40±3,68 in symptomatic group but the difference was
not statistically significant (p=0,098) Conclusion: More symptomatic patients than the asymptomatic ones have impaired left
ventricular GLS values according to the results of this study. Even if it is not statistically significant, the mean left ventricular
GLS values are also reduced in symptomatic patients after mild COVID-19 infection.
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Abstract

Objectives: In recent years, COVID-19 has been the primary health problem and because of the virus
affinity to endothelial cells, it has become an important reason of vascular problems and cardiac injury.
After mild COVID-19 infection, patients frequently attend to the cardiology clinics with cardiac symptoms
like chest pain, shortness of breath, palpitations, and reduced exercise capacity and their primary cardiac
tests are mostly normal. The aim of the study is analysing if the difference of cardiac deterioration could
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be shown with 2D-speckle tracking echocardiography between symptomatic and asymptomatic post-COVID
patients when transthoracic echocardiography parameters are normal.

Methods: In this retrospective single centre study, total of 2741 transthoracic echocardiography records were
assessed and post-COVID patients (n:108) were detected and divided into ‘symptomatic’ and asymptomatic’
patient groups and left ventricular global longitudinal strain values were compared.

Results: The number of patients with normal global longitudinal strain (GLS) values were equal in the
groups and there were 4 patients whose GLS values were borderline in the asymptomatic group, while there
was none in the symptomatic group. The number of patients with impaired GLS values in the symptomatic
group were higher than the asymptomatic group (15 patients in the symptomatic group and 4 patients in
the asymptomatic group) and the difference was statistically different (p=0,008). The average GLS values
were -18,88±2,50 in the asymptomatic group and -17,40±3,68 in symptomatic group but the difference was
not statistically significant (p=0,098)

Conclusion: More symptomatic patients than the asymptomatic ones have impaired left ventricular GLS
values according to the results of this study. Even if it is not statistically significant, the mean left ventricular
GLS values are also reduced in symptomatic patients after mild COVID-19 infection.

KEY WORDS

echocardiography, speckle tracking echocardiography, global longitudinal strain, post-COVID

Introduction

In recent years, COVID-19 has been the primary health problem and because of the virus affinity to endo-
thelial cells, it has become an important reason of vascular problems and cardiac injury. Acute pericarditis,
acute myocarditis and myocardial infarction are the main clinical manifestations especially among patients
treated in the intensive care unit (1-4). Even though the potential pathogenesis of the cardiac injury is
not clear, the direct effect to ACE2 receptor and hyperimmune response during sitokin storm are highly
suspected (5-7) and up to 7% of the COVID-related deaths have been attributed to myocarditis (8).

After mild COVID-19 infection, patients frequently attend to the cardiology clinics with cardiac symptoms
like chest pain, shortness of breath, palpitations, and reduced exercise capacity and their primary cardiac
tests are mostly normal. Because of the potential of possible myocardial injury of the disease, simply appli-
cable advanced techniques like 2-D speckle tracking echocardiography (2D-STE), would be a better method
than conventional transthoracic echocardiography (TTE) for evaluating regional and global myocardial de-
formation because it’s independent of angle and can diagnose subclinical myocardial dysfunction earlier
(11-14).

The aim of the study is analysing if the difference of cardiac deterioration could be shown with 2D-STE
between symptomatic and asymptomatic post-COVID patients when TTE parameters are normal.

Materials and Methods

In this retrospective single centre study, total of 2741 TTE records in American Hospital’s Echocardiography
laboratory between January 2021-August 2021 were assessed. Post-COVID patients (n:108) were detected.
The inclusion criteria of involvement to the study are having had COVID-19 diagnosis by polymerase chain
reaction (PCR) test positiveness in the last 6 months and to be older than 18 years old. Exclusion criteria were
designated as; to be hospitalized because of moderate or severe COVID-19 infection, having passed more than
6 months after COVID-19 infection, severe valvular heart disease, segmental/global left ventricular systolic
disfunction, known coronary artery disease, conduction disorder, rhythms other than normal sinus rhythm
and not having enough imaging frames of echocardiography for calculating LV-GLS. After the exclusion
criteria, 31 patients were detected for ‘symptomatic group’ throughout total included 55 patients. (Figure
1).
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The study protocol was approved by the Local Ethics Committee as a retrospective single centre study and
was conducted according to the Declaration of Helsinki.

Figure 1: Study protocol

Transthoracic Echocardiography

TTE was performed at the day the patient presented to the cardiology clinic with Phillips EPIC CVx,
Phillips Healthcare, Inc., Andover, MA, USA X5-1 matrix transducer. Left ventricular end-diastolic (LVD)
and end-systolic (LVS) diameters, left ventricular posterior wall thickness (PW) and interventricular septum
thickness (IVS) were measured from parasternal long axis view. Left atrium (LA), right atrium (RA) and
right ventricular end-diastolic basal diameters (RV) were measured from the apical four-chamber view. Left
ventricular ejection fraction (LVEF) was calculated with modified Simpson’s method from the apical four
chamber view (15,16). The systolic pulmonary artery pressure (sPAP) was calculated from the sum of
tricuspid regurgitation peak velocity and estimated RA pressure (16).

Speckle Tracking Echocardiography

LV apical 4-chamber, 2-chamber, and 3-chamber views which were stored during TTE in a frame rate of
60 to 100 frames per second (17) for images of 3 consecutive cardiac cycles were used for offline analysis.
Imaging analysis was performed on the Phillips EPIC CVx’s QLAB software. The LV endocardial border of
the end-systolic frame was automatically traced by the program and manually corrected if necessary. The
software automatically created a region of interest including the entire transmural wall for all the patients
and selected natural acoustic markers moving with the tissue. Automatic frame by-frame tracking of these
markers during the cardiac cycle (2-dimensional [2D] systolic time interval method) yielded a measure of
strain, and strain rate at any point of the myocardium. Left ventricular global longitudinal strain (LV-GLS)
were measured by averaging the values of all segments.

The standard normal LV-GLS limit was defined as >-18% (18). The impaired GLS level was accepted as
<-16%. The measurements between these levels were accepted as borderline (-18%) – (-16%) (19).

Statistical Analysis

The statistical analysis was performed with SPSS version 26. Categorical variables were represented as per-
centages while the numerical variables were determined as arithmetic mean ± standard deviation. Wilcoxon
test was used for comparison of the averages of the data and Ki-square test was used for the comparison of
the percentages of the data between groups. The significance levels of 0,05 and 0,001 values were considered
for the study.

Results

Total of 55 patients were in the study group and divided into symptomatic (n:31) and asymptomatic (n:24)
groups. Only the average age of the patients between the groups was statistically different and there was not
a statistically significant difference between the other demographic and clinic features of the groups. The
number of female patients were 27 (%49,09) in the study group. (Table 1)
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Table 1. The demographic and clinical features of the study groups

Parameter Asymptomatic (n=24) Symptomatic (n=31) p value

Gender (Female) (%) 13(%54,2) 14(%45,2) 0,508
Age 52.25±14.98 44,38±11.98 0,036
BMI 25.79±2,35 25,4±3,18 0,617
SBP 124.33±9,95 124,48±13,54 0,964
DBP 79,08±6,15 80,35±9,32 0,566
Heart Rate (bpm) 70.3±11,15 74,8±11,8 0,063
Hypertension n (%) 6 (25) 5(16,7) 0,659
Diabetes Mellitus (%) 4(16,7) 1(3,3) 0,227
Hyperlipidemia (%) 3(12,5) 2(6,7) 0,722
ACE-I n (%) 0(0) 3(10) 0,267
ARB n (%) 6(25) 3(10) 0,303
Beta Blockers n (%) 3(12,5) 2(6,7) 0,722
Statin n (%) 2(8,3) 2(6,7) 0,935

SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; ACE-I:
angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker

The conventional echocardiographic parameters were similar and were not statistically different between two
groups (Table 2).

Table 2. The echocardiographic measurements of the groups

Parameter Asymptomatic (n=24) Symptomatic (n=31) p value

LV EF (%) 60 ± 3 60 ± 2 0,494
PAPs (mmHg) 25,5 ± 3,9 24,9±5,4 0,297
IVS (cm) 0,95±0,13 0,94±0,14 0,601
PW (cm) 0,88±0,11 0,90±0,13 0,790
LVEDD (cm) 4,60±0,37 4,61±0,38 0,821
LVESD (cm) 3,01±0,31 2,99±0,31 0,400
LA (cm) 3,41±0,26 3,42±0,34 0,120
RA (cm) 3,66±0,30 3,58±0,34 0,528
RV (cm) 3,31±0,39 3,31±0,38 0,678
E/A ratio 1,07±0,26 1,08±0,20 0,838

LV EF: left ventricular ejection fraction; PAPs: systolic pulmonary arterial pressure; IVS:
interventricular septal thickness; PW: posterior wall thickness; LVEDD: left ventricular end-
diastolic diameter; LVESD: left ventricular end systolic diameter; LA: left atrium; RA: right
atrium; RV: right ventricle.

The number of patients with normal GLS values were equal in the groups and there were 4 patients whose
GLS values were borderline in the asymptomatic group, while there was none in the symptomatic group. The
number of patients with impaired GLS values in the symptomatic group were higher than the asymptomatic
group (15 patients in the symptomatic group and 4 patients in the asymptomatic group) and the difference
was statistically different (p=0,008). The average GLS values were -18,88±2,50 in the asymptomatic group
and -17,40±3,68 in symptomatic group but the difference was not statistically significant (p=0,098). The
distribution of the number of the patients according to the GLS borders is shown in Figure 2 and the
distribution of patients in the impaired GLS values and the average GLS values of the groups are shown in
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Table 3.

Figure 2. The GLS values in symptomatic and asymptomatic patients

Table 3 . The distribution of patients with impaired GLS values

Parameter Group Asymptomatic Symptomatic p value

GLS values Impaired 4 (n) 15 (n) 0,008
Mean±S.D (%) -18,88±2,50 -17,40±3,68 0,098

Discussion

TTE is the main imaging technique to investigate LV structure and functions, but conventional echocar-
diographic techniques may not be enough to show the pre-clinic mechanical deterioration. 2D-STE is a
better method for evaluating regional and global myocardial deformation and can diagnose subclinical my-
ocardial dysfunction earlier and may detect patients who needs further investigations, cardiac controls, and
myocardial protection (11-14).

In our study we evaluated the difference of left ventricular myocardial functions with LV-GLS between
asymptomatic and symptomatic patients who had mild COVID infection. Życzkowska et al also investi-
gated mild COVID infection’s effects in heart functions including standard and advanced echocardiographic
techniques but the result of the study did not show significant impairment in left ventricle functions (20).

The real prevalence of the cardiac involvement is not clear, and the study results are conflicting. It can be
speculated that these results may be related with the study populations. In a study from a single tertiary
centre, Erdol et al evaluated 100 consecutive COVID-19 proven patients after quarantine period with CMR
and cardiac involvement was detected in 49 patients in which 41 patients described cardiac symptoms that
were not present before COVID infection, and the results were statistically significant (p=0,001). In 24
patients out of 51 who does not have cardiac involvement in CMR were asymptomatic and this result was
also statistically significant (p=0,001) (21).

As it’s known that the 2D-STE and CMR results are compatible with each other, 2D-STE for LV quantifi-
cation has been validated against MRI (22). Puntmann at al. evaluated left ventricle with CMR after mild
COVID infection without known cardiac disease and showed more diffuse myocardial edema at follow-up in
patients with ongoing symptoms as compared to the ones who has improved. They also investigated the
LV-GLS values between the control and post-COVID patients and even though the average values of LV-GLS

5



P
os

te
d

on
13

M
ar

20
23

|T
he

co
py

ri
gh

t
ho

ld
er

is
th

e
au

th
or

/f
un

de
r.

A
ll

ri
gh

ts
re

se
rv

ed
.

N
o

re
us

e
w

it
ho

ut
pe

rm
is

si
on

.
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

67
87

20
44

.4
02

74
80

8/
v1

|T
hi

s
a

pr
ep

ri
nt

an
d

ha
s

no
t

be
en

pe
er

re
vi

ew
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

were in normal ranges in both groups, the difference was statistically different (23). In our study, even the
average LV-GLS value was lower in the symptomatic group, the difference was not statistically different.

In another hybrid study using both TTE, 2D-STE and CMR, Brito et al. evaluated young athletes who
had mild to moderate degree COVID-19 infection. Even no athlete showed ongoing myocarditis imaging
features, the result of this study shows that mild or asymptomatic COVID-19 is not a benign illness, as
more than one-half of the younger individuals showed subclinical myocardial and pericardial disease (24).
The reduction of LV-GLS values is seemed to be obtained mostly in symptomatic patients or in patients
who have an additional finding as pericardial involvement, and it is independent of the COVID-19 disease
severity.

The limitations of our study are, it’s a single centre retrospective study and the GLS values of our study
population are not known before the COVID infection, and the number of the study population is low because
we have stopped including patients after August 2021, the date that the m-RNA vaccines are applied to the
general population in Turkey to avoid the effects of m-RNA vaccine’s myocardial damage and myocarditis
side effect.

Conclusion

Despite the small number of the patients in the study group, the results of this study show that more
symptomatic patients than the asymptomatic ones have impaired LV-GLS values. Even if it is not statistically
significant, the mean LV-GLS values are also reduced in symptomatic patients after mild COVID-19 infection.
It can be concluded that close follow-up of these patients in the future may be beneficial until randomized
controlled studies with high numbers of patients are conducted.
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