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Coronavirus disease 2019 (COVID-19) has been associated with a wide spectrum of cardiovascular manifestations. Since the 
beginning of the pandemic, echocardiography has served as a valuable tool for triaging, diagnosing and managing patients with 
COVID-19. More recently, speckle-tracking echocardiography has been shown to be effective in demonstrating subclinical myocardial 

dysfunction that is often not detected in standard echocardiography. Echocardiographic findings in COVID-19 patients include left or right 
ventricular dysfunction, including abnormal longitudinal strain and focal wall motion abnormalities, valvular dysfunction and pericardial 
effusion. Additionally, some of these echocardiographic abnormalities have been shown to correlate with biomarkers and adverse clinical 
outcomes, suggesting an additional prognostic value of echocardiography. With increasing evidence of cardiac sequelae of COVID-19, the 
use of echocardiography has expanded to patients with cardiopulmonary symptoms after recovery from initial infection. This article aims 
to highlight the available echocardiographic tools and to summarize the echocardiographic findings across the full spectrum of COVID-19 
disease and their correlations with biomarkers and mortality.
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As of the publication of this article, the coronavirus disease 2019 (COVID-19) infection has affected 

over 400 million people around the world and caused over 6 million deaths.1 Although COVID-19 

infection predominantly affects the respiratory system, studies have described a wide spectrum 

of cardiovascular manifestations, including asymptomatic myocardial injury, myocardial infarction 

and myocarditis.2 Echocardiography is an easily accessible, quick and cost-effective imaging 

modality that has been widely used in patients with COVID-19 for the evaluation of cardiac 

structure and function.2–5 More recently, speckle-tracking echocardiography (STE) has been used 

to detect subclinical myocardial dysfunction in patients with COVID-19.3,6–8 One study reported 

that echocardiographic findings affected changes in management in 33% of COVID-19 cases, 

suggesting the important role played by echocardiography in guiding therapeutic approaches.9 

Furthermore, certain echocardiographic abnormalities have been shown to correlate with 

biomarkers and mortality in patients with COVID-19, highlighting the additional prognostic value 

of echocardiography.6,10 With increasing reports of cardiovascular sequelae of COVID-19, the role 

of echocardiography has expanded to diagnosing and managing patients who have recovered 

from acute COVID-19 infection. This article aims to describe the echocardiographic tools currently 

available and to summarize the echocardiographic findings across the COVID-19 disease 

spectrum and their associations with biomarkers and clinical outcomes.

Echocardiographic tools and recent advances
Echocardiography is a commonly used imaging tool for the evaluation of cardiac structure and 

function in patients with COVID-19 and suspected myocardial injury. When images are technically 

difficult to obtain, ultrasonic enhancing agents (echocardiographic contrast) are used to improve 

diagnostic yield.11 The major benefits of echocardiography are easy and quick performance 

at the bedside, wide accessibility, lack of radiation and low cost. Some of the limitations of 

echocardiography include variability in image quality based on the patient’s body habitus or the 

sonographer performing the study and infectious exposure to the sonographers.12

During the COVID-19 pandemic, cardiac point-of-care ultrasound (POCUS) gained popularity, 

especially in emergency and critical care settings, as it provides real-time bedside information 

in the acute setting.3,13–15 Although it is more limited compared with standard two-dimensional 

echocardiography due to lower resolution and sometimes lack of Doppler features, POCUS can 

help to assess the basic structure and function of the left ventricle (LV) and right ventricle (RV) 

and to detect wall motion abnormalities with lower equipment burden and viral transmission 

risk (Figure 1).3,13,14 Therefore, POCUS has played an important role in diagnosing, monitoring and  

risk-stratifying patients with COVID-19.

AM3758
Typewritten Text

AM3758
Typewritten Text

AM3758
Typewritten Text

AM3758
Typewritten Text

AM3758
Typewritten Text
DOI: https://doi.org/10.17925/HI.2022.16.1.28

AM3758
Typewritten Text

AM3758
Typewritten Text

AM3758
Typewritten Text

AM3758
Typewritten Text

AM3758
Typewritten Text

AM3758
Typewritten Text



The Evolving Role of Echocardiography During the Coronavirus Disease 2019 Pandemic

29HEART INTERNATIONAL

Several technological advances have improved the diagnostic capabilities 

of echocardiography. STE is a newer modality that is used in conjunction 

with conventional echocardiography and tracks unique speckle 

pathways to calculate the percentage change in myocardial deformation 

throughout the cardiac cycle.6,7,16 STE provides a precise estimation of 

a regional and global contractile function known as global longitudinal 

strain (GLS). STE has been shown to have higher sensitivity compared 

with standard echocardiography in identifying myocardial dysfunction in 

influenza myocarditis, immune checkpoint inhibitor-related myocarditis 

and dilated cardiomyopathy.17–19 Another novel tool is global myocardial 

work efficiency (MWE) assessment, which uses STE-driven strain indexed 

to systolic blood pressure and allows a more load-independent measure 

of LV function.6,8,20 MWE assessment is highly reproducible, and some 

studies suggest that it is even superior to GLS in detecting subclinical 

myocardial dysfunction and predicting adverse events.6,19,21

Guidelines and indications for echocardiography 
during the coronavirus disease 2019 pandemic
At the start of the COVID-19 pandemic, the American Society of 

Echocardiography (ASE) recommended careful triage of patients 

undergoing echocardiography in order to reduce the risk of virus 

transmission.22 The ASE advised postponing elective cases and 

performing problem-focused, limited echocardiography for urgent or 

emergency indications only if the examination was to offer essential 

clinical information in the short term.22 As the number of new 

COVID-19 cases down-trended, and many facilities resumed their 

echocardiographic services for non-urgent and elective cases, the ASE 

recommended careful monitoring of COVID-19 case trends and available 

institutional resources, focused protocols and limited examinations for  

follow-up studies, as well as considering preprocedural COVID-19 testing 

in patients with suspicion of infection at routine screening (e.g. symptoms 

recorded on questionnaire, high temperature on testing).23

With regard to specific indications for echocardiography, the American 

College of Cardiology (ACC) Clinical Guidance for COVID-19, released in 

2020, recommended echocardiography for patients with COVID-19 who 

demonstrated heart failure, arrhythmia, electrocardiography changes 

or cardiomegaly.24 In patients with cardiac sequelae of COVID-19 after 

recovery from initial illness, the ACC recommends an echocardiogram 

as part of the initial triad testing along with electrocardiography and 

troponin.25 It is important to highlight that, when there are concerning 

electrocardiography abnormalities, elevated troponin or ventricular wall 

motion abnormalities, other diagnostic tests, imaging tools and invasive 

procedures should be considered. Specifically, when myocarditis is 

suspected, the ACC recommends cardiac magnetic resonance imaging 

in haemodynamically stable patients and right heart catheterization  

and/or endomyocardial biopsy in patients with shock, sustained 

ventricular arrhythmias and/or advanced atrioventricular blocks.25

Echocardiographic findings in acute coronavirus 
disease 2019 infection
A wide spectrum of echocardiographic manifestations has been reported 

in patients with COVID-19, ranging from subclinical myocardial dysfunction 

to severe LV or RV dysfunction (Figure 1).26 Table 1 summarizes the 

findings of key echocardiography studies conducted during the COVID-19 

pandemic. It is important to note that the majority of these studies do not 

report baseline echocardiography data prior to acute COVID-19 infection 

and that most include patients with cardiovascular diseases at baseline, 

including heart failure. However, studies that exclude patients with previous 

abnormal echocardiography or cardiovascular comorbidities have found 

similar echocardiographic abnormalities during acute COVID-19 infection. 

The demographic data, comorbidities and severity of COVID-19 infection of 

the patients included in the studies are detailed in Table 1.6,8,9,27–33

Left ventricle abnormalities
One of the largest available studies on echocardiographic findings in 

COVID-19 showed that, among 1,216 patients (14% with ischaemic heart 

disease, 9% with heart failure and 7% with valvular disease at baseline) 

across 69 countries, LV abnormalities were present in 39% of cases during 

acute COVID-19 infection.9 Impaired left ventricular ejection fraction 

Figure 1: Echocardiographic tools and findings across the COVID-19 disease spectrum

COVID-19 = coronavirus disease 2019; GLS = global longitudinal strain; LV = left ventricle; MWE = myocardial work efficiency; PASC-CVS = post-acute sequelae of SARS-CoV-2 
infection-cardiovascular syndrome; RV = right ventricle; RVLS = right ventricle longitudinal strain; SARS=CoV-2 = severe acute respiratory syndrome coronavirus 2.

Cardiovascular
manifestions

Acute COVID-19
infection

Post-acute sequelae of
COVID-19 infection

Speckle-tracking
echocardiography

Standard
echocardiography

Point-of-care
ultrasound

Echocardiographic
tools Echocardiographic �ndings

Subclinical myocardial injury
Acute coronary syndrome
Acute heart failure
Stress cardiomyopathy
Acute pulmonary hypertension
Cor pulmonale
Myocarditis
Pericarditis

Myocarditis
Pericarditis
Myocardial ischaemia
Microvascular dysfunction
Non-ischaemic cardiomyopathy
Pulmonary hypertension
PASC-CVS

– Reduced GLS
– Impaired basal LV strain
– Reduced RVLS
– Reduced MWE

– LV or RV dilation
– LV or RV systolic
 dysfunction
– Wall motion abnormalities
– Pericardial effusion/cardiac
 tamponade

– LV dilation, systolic and/or
 diastolic dysfunction
– RV dilation and/or systolic
 dysfunction
– Regional wall motion
 abnormalities
– Apical hypokinesis with
 basal sparing
– Valvular abnormalities
– Pericardial effusion/cardiac
 tamponade



Review  COVID-19

30 HEART INTERNATIONAL

Ta
bl

e 
1:

 K
ey

 e
ch

oc
ar

di
og

ra
ph

y 
st

ud
ie

s 
of

 p
at

ie
nt

s 
w

it
h 

ac
ut

e 
C

O
V

ID
-1

9 
in

fe
ct

io
n

A
ut

ho
r

St
ud

y 
po

pu
la

tio
n

C
O

V
ID

-1
9 

in
fe

ct
io

n 

di
se

as
e 

se
ve

ri
ty

St
ud

y 
de

si
gn

LV
 a

bn
or

m
al

iti
es

RV
 a

bn
or

m
al

iti
es

O
th

er
 fi

nd
in

gs
C

or
re

la
tio

n 
w

ith
 

bi
om

ar
ke

rs

C
or

re
la

tio
n 

w
ith

 c
lin

ic
al

 

ou
tc

om
es

D
w

ec
k 

et
 a

l.9
1,

21
6 

pa
tie

nt
s 

ac
ro

ss
 6

9 
co

un
tr

ie
s;

M
ed

ia
n 

ag
e:

 6
2 

(IQ
R:

 5
2–

71
) y

ea
rs

; 

70
%

 m
al

e;

H
TN

 (3
7%

), 
D

M
 (1

9%
), 

is
ch

ae
m

ic
 

he
ar

t d
is

ea
se

 (1
4%

), 
he

ar
t f

ai
lu

re
 

(9
%

), 
va

lv
ul

ar
 h

ea
rt

 d
is

ea
se

 (7
%

)

M
ild

: 1
8%

; 

M
od

er
at

e:
 2

8%
; 

Se
ve

re
: 5

4%

M
ul

tic
en

tr
e,

 p
ro

sp
ec

tiv
e 

in
te

rn
at

io
na

l s
ur

ve
y

LV
 a

bn
or

m
al

iti
es

 

(3
9%

);

LV
 d

ys
fu

nc
tio

n:
 

- 
M

ild
 (1

7%
) 

- 
M

od
er

at
e 

(1
2%

) 

- 
Se

ve
re

 (9
%

);

St
re

ss
 

ca
rd

io
m

yo
pa

th
y 

(2
%

)

RV
 a

bn
or

m
al

iti
es

 (3
3%

);

RV
 d

ila
tio

n 
(1

5%
);

RV
 d

ys
fu

nc
tio

n:
 

- 
M

ild
 o

r 
m

od
er

at
e 

(1
9%

) 

- 
Se

ve
re

 (6
%

)

C
ar

di
ac

 ta
m

po
na

de
 (1

%
)

N
A

N
A

G
iu

st
in

o 
et

 

al
.27

30
5 

pa
tie

nt
s 

in
 N

ew
 Y

or
k 

C
ity

 a
nd

 

M
ila

n;

M
ed

ia
n 

ag
e:

 6
3 

(IQ
R:

 5
3–

73
) y

ea
rs

;

67
%

 m
al

e;
 

H
TN

 (5
9%

), 
D

M
 (3

7%
), 

M
I (

7.
4%

), 
PC

I 

(1
1%

), 
C

A
B

G
 (4

%
), 

st
ro

ke
 (9

%
), 

C
KD

 

(1
9%

), 
he

ar
t f

ai
lu

re
 (8

%
) 

IC
U

 a
dm

is
si

on
 

(4
4%

), 

A
RD

S 
(4

0%
), 

sh
oc

k 
(2

8%
), 

m
ec

ha
ni

ca
l 

ve
nt

ila
tio

n 

(3
5%

), 
de

at
h 

(1
9%

)

Re
tr

os
pe

ct
iv

e,
 

in
te

rn
at

io
na

l, 
m

ul
tic

en
tr

e 

st
ud

y

LV
EF

 <
50

%
 

(2
5.

2%
);

LV
 g

lo
ba

l 

dy
sf

un
ct

io
n 

(1
4.

8%
);

LV
 w

al
l m

ot
io

n 

ab
no

rm
al

iti
es

 

(1
6.

4%
);

D
ia

st
ol

ic
 

dy
sf

un
ct

io
n:

 

- 
G

ra
de

 I 
(3

5.
1%

) 

- 
G

ra
de

 II
 (9

.3
%

) 

- 
G

ra
de

 II
I (

4.
6%

)

RV
 d

ila
tio

n:
 

- 
M

ild
 (1

1.
7%

) 

- 
M

od
er

at
e 

(6
%

) 

- 
Se

ve
re

 (2
.3

%
)

RV
 d

ys
fu

nc
tio

n:
 

- 
M

ild
 1

2.
4%

 

- 
M

od
er

at
e 

7.
1%

 

- 
Se

ve
re

 1
.3

%

Pe
ric

ar
di

al
 e

ff
us

io
n:

 

- 
Sm

al
l (

4.
3%

) 

- 
M

od
er

at
e 

(2
%

) 

- 
La

rg
e 

(1
%

)

M
od

er
at

e/
se

ve
re

 a
or

tic
 

re
gu

rg
ita

tio
n 

(3
.4

%
);

M
od

er
at

e/
se

ve
re

 a
or

tic
 

st
en

os
is

 (2
.4

%
);

M
od

er
at

e/
se

ve
re

 m
itr

al
 

re
gu

rg
ita

tio
n 

(7
.8

%
);

M
od

er
at

e/
se

ve
re

 tr
ic

us
pi

d 

re
gu

rg
ita

tio
n 

(1
1%

)

N
A

N
A

Ja
in

 e
t a

l.28
72

 p
at

ie
nt

s 
in

 N
ew

 Y
or

k 
C

ity
; 

M
ed

ia
n 

ag
e:

 6
1 

(IQ
R:

 5
1–

70
) y

ea
rs

;

72
%

 m
al

e;

H
TN

 (6
7%

), 
D

M
 (4

3%
), 

C
A

D
 (1

8%
), 

H
Fr

EF
 (2

1%
), 

H
Fp

EF
 (3

%
), 

he
ar

t 

tr
an

sp
la

nt
at

io
n 

(7
%

), 
LV

A
D

 (1
%

)

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n 
(5

6%
)

Re
tr

os
pe

ct
iv

e,
 

ob
se

rv
at

io
na

l s
tu

dy

LV
EF

 ≤
50

%
 

(3
4.

7%
);

G
lo

ba
l 

hy
po

ki
ne

si
s 

(1
2.

5%
);

Se
gm

en
ta

l 

w
al

l m
ot

io
n 

ab
no

rm
al

iti
es

 

(1
1.

1%
);

St
re

ss
 

ca
rd

io
m

yo
pa

th
y 

(5
.6

%
)

RV
 d

ila
tio

n:
 

- 
M

ild
 (1

2.
5%

) 

- 
M

od
er

at
e 

(2
.8

%
) 

- 
Se

ve
re

 (0
%

)

RV
 d

ys
fu

nc
tio

n:
 

- 
M

ild
 (2

6.
4%

) 

- 
M

od
er

at
e 

(9
.7

%
)  

- 
Se

ve
re

 (4
.2

%
)

Pe
ric

ar
di

al
 e

ff
us

io
n 

(4
.2

%
);

M
od

er
at

e 
or

 g
re

at
er

 v
al

ve
 

re
gu

rg
ita

tio
n 

(9
.7

%
):

- 
M

od
er

at
e 

ao
rt

ic
 

in
su

ff
ic

ie
nc

y 
(1

%
) 

- 
M

od
er

at
e/

 s
ev

er
e 

m
itr

al
 

re
gu

rg
ita

tio
n 

(3
%

) 

- 
M

od
er

at
e/

 s
ev

er
e 

tr
ic

us
pi

d 
re

gu
rg

ita
tio

n 
(6

%
)

Lo
w

er
 L

VE
F 

as
so

ci
at

ed
 

w
ith

 h
ig

he
r 

hs
-t

ro
po

ni
n 

T 

(ρ
=

-0
.3

4,
 p

=
0.

00
6)

N
A



The Evolving Role of Echocardiography During the Coronavirus Disease 2019 Pandemic

31HEART INTERNATIONAL

Ta
bl

e 
1:

 C
on

ti
nu

ed

A
ut

ho
r

St
ud

y 
po

pu
la

tio
n

C
O

V
ID

-1
9 

in
fe

ct
io

n 

di
se

as
e 

se
ve

ri
ty

St
ud

y 
de

si
gn

LV
 a

bn
or

m
al

iti
es

RV
 a

bn
or

m
al

iti
es

O
th

er
 fi

nd
in

gs
C

or
re

la
tio

n 
w

ith
 

bi
om

ar
ke

rs

C
or

re
la

tio
n 

w
ith

 c
lin

ic
al

 

ou
tc

om
es

M
ah

m
ou

d-

El
sa

ye
d 

et
 

al
.29

74
 p

at
ie

nt
s 

in
 th

e 
U

K;

A
ge

: 5
9 

±
 1

3 
ye

ar
s;

78
%

 m
al

e;

H
TN

 (4
2%

), 
D

M
 (3

6%
), 

st
ro

ke
 (7

%
), 

C
A

D
 (9

%
)

Ex
cl

ud
ed

 p
at

ie
nt

s 
w

ith
 p

re
vi

ou
sl

y 

ab
no

rm
al

 e
ch

oc
ar

di
og

ra
ph

y

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n 

(8
2%

), 
de

at
h 

(3
8%

)

Re
tr

os
pe

ct
iv

e 

ob
se

rv
at

io
na

l s
tu

dy

LV
 d

ila
tio

n 
(4

%
);

LV
 fu

nc
tio

n:
 

- 
H

yp
er

dy
na

m
ic

 

(4
8%

) 

- 
M

ild
 im

pa
irm

en
t 

(5
%

) 

- 
M

od
er

at
e 

im
pa

irm
en

t (
3%

) 

- 
Se

ve
re

 

im
pa

irm
en

t (
3%

)

RV
 d

ila
tio

n 
(4

1%
);

RV
 d

ys
fu

nc
tio

n 
(2

7%
)

Pe
ric

ar
di

al
 e

ff
us

io
n 

(4
%

)
RV

 s
ys

to
lic

 d
ys

fu
nc

tio
n 

(d
ef

in
ed

 b
y 

RV
-F

A
C

) 

as
so

ci
at

ed
 w

ith
 e

le
va

te
d 

D
-d

im
er

 (ρ
=

-0
.3

4;
 p

=
0.

00
3)

 

an
d 

C
RP

 (r
=

-0
.2

3;
 p

=
0.

04
5)

N
A

Sz
ek

el
y 

et
 

al
.30

10
0 

pa
tie

nt
s 

in
 Is

ra
el

;

A
ge

: 6
6 

±
 1

7 
ye

ar
s;

63
%

 m
al

e;

Is
ch

ae
m

ic
 h

ea
rt

 d
is

ea
se

 (1
6%

), 

co
ng

es
tiv

e 
he

ar
t f

ai
lu

re
 (7

%
), 

C
A

B
G

 

(5
%

), 
tr

an
si

en
t i

sc
ha

em
ic

 a
tt

ac
k/

st
ro

ke
 (1

1%
), 

D
M

 (2
9%

), 
H

TN
 (5

7%
)

C
O

VI
D

-1
9 

M
od

ifi
ed

 E
ar

ly
 

W
ar

ni
ng

 S
co

re
: 

- 
Lo

w
 (5

3%
) 

- 
M

ed
iu

m
 (1

9%
) 

- 
H

ig
h 

(2
8%

)

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 

st
ud

y

LV
 d

ia
st

ol
ic

 

dy
sf

un
ct

io
n 

(1
6%

);

LV
 s

ys
to

lic
 

dy
sf

un
ct

io
n 

(1
0%

)

RV
 d

ila
tio

n 
or

 d
ys

fu
nc

tio
n 

(3
9%

);

Re
du

ce
d 

RV
-F

A
C

 (2
8%

);

Re
du

ce
d 

sy
st

ol
ic

 tr
ic

us
pi

d 

la
te

ra
l v

el
oc

ity
 (2

5%
);

Re
du

ce
d 

TA
PS

E 
(1

4%
)

Va
lv

ul
ar

 a
bn

or
m

al
iti

es
 

(3
%

);

M
itr

al
 r

eg
ur

gi
ta

tio
n 

(1
%

);

A
or

tic
 r

eg
ur

gi
ta

tio
n 

(2
%

)

El
ev

at
ed

 E
/e

’ r
at

io
 

as
so

ci
at

ed
 w

ith
 h

ig
he

r 

tr
op

on
in

-I 
(ρ

=
0.

45
; 

p=
0.

00
01

), 
B

N
P 

(ρ
=

0.
38

; 

p=
0.

00
01

), 
an

d 
C

RP
 

(ρ
=

0.
87

; p
=

0.
00

01
)

Sh
or

te
r 

pu
lm

on
ar

y 
A

T 

as
so

ci
at

ed
 w

ith
 h

ig
he

r 

D
-d

im
er

 (ρ
=

-0
.2

6,
 

p=
0.

00
8)

, t
ro

po
ni

n-
I 

(ρ
=

-0
.2

1,
 p

=
0.

04
), 

an
d 

C
RP

 

(ρ
=

-0
.5

2,
 p

=
0.

00
01

)

Lo
w

 L
VE

F 
(H

R=
2.

9;
 9

5%
 C

I 1
.1

–8
.1

; 

p=
0.

03
 fo

r 
10

%
 d

iff
er

en
ce

) a
nd

 

sh
or

te
r A

T 
(H

R=
2.

9;
 9

5%
 C

I: 

1.
04

–8
.7

; p
=

0.
04

 fo
r A

T 
<

10
0 

m
s)

 a
ss

oc
ia

te
d 

w
ith

 c
lin

ic
al

 

de
te

rio
ra

tio
n;

  

Lo
w

 L
VE

F 
(H

R=
3.

2;
 9

5%
 C

I: 
 

1.
01

–8
.1

; p
=

0.
04

 fo
r 

10
%

 

di
ff

er
en

ce
), 

el
ev

at
ed

 E
/e

’ r
at

io
 

(H
R=

1.
08

, 9
5%

 C
I: 

1.
01

–1
.2

; 

p=
0.

03
), 

in
cr

ea
se

d 
RV

 e
nd

 d
ia

st
ol

ic
 

ar
ea

 (H
R=

1.
14

; 9
5%

 C
I: 

1.
01

–1
.3

2]
, 

p=
0.

05
 fo

r 
1 

cm
2 ),

 a
nd

 h
ig

he
r T

ei
 

in
de

x 
(H

R=
1.

29
, [

95
%

 C
I 1

.0
2–

1.
7,

 

p=
0.

03
) a

ss
oc

ia
te

d 
w

ith
 m

or
ta

lit
y

Ra
th

 e
t a

l.31
98

 p
at

ie
nt

s 
in

 G
er

m
an

y;

A
ge

: 6
8 

±
 1

5 
ye

ar
s;

63
%

 m
al

e;

H
TN

 (7
0%

), 
D

M
 (2

4%
), 

C
A

D
 (2

3%
)

IC
U

 a
dm

is
si

on
 

(4
6%

), 

m
ec

ha
ni

ca
l 

ve
nt

ila
tio

n 

(4
0%

), 
EC

M
O

 

(5
%

), 
de

at
h 

(1
3%

)

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 

st
ud

y

M
ea

n 
LV

EF
 (%

): 

57
 ±

 8
;

Le
ft

 v
en

tr
ic

ul
ar

 

hy
pe

rt
ro

ph
y 

(7
4%

)

RV
 d

ila
tio

n 
(4

9%
)

RV
 d

ys
fu

nc
tio

n 
(1

4%
)

Pe
ric

ar
di

al
 e

ff
us

io
n 

(4
9%

);

A
or

tic
 s

te
no

si
s 

(6
%

);

A
or

tic
 r

eg
ur

gi
ta

tio
n 

(1
2%

);

M
itr

al
 r

eg
ur

gi
ta

tio
n 

(2
7%

);

Tr
ic

us
pi

d 
re

gu
rg

ita
tio

n 

(3
1%

)

Lo
w

er
 L

VE
F 

as
so

ci
at

ed
 

w
ith

 h
ig

he
r 

tr
op

on
in

 I 
(ρ

=
-

0.
36

7,
 p

<
0.

00
1)

 a
nd

 p
ro

-

B
N

P 
(ρ

=
-0

.4
85

, p
<

0.
00

1)

Im
pa

ire
d 

LV
EF

, R
V 

fu
nc

tio
n,

 

an
d 

tr
ic

us
pi

d 
re

gu
rg

ita
tio

n 
>

1 

as
so

ci
at

ed
 w

ith
 h

ig
he

r 
30

-d
ay

 

m
or

ta
lit

y 
(lo

g 
ra

nk
 <

0.
00

1,
 <

0.
00

1 

an
d 

0.
01

1,
 r

es
pe

ct
iv

el
y)



Review  COVID-19

32 HEART INTERNATIONAL

Ta
bl

e 
1:

 C
on

ti
nu

ed

A
ut

ho
r

St
ud

y 
po

pu
la

tio
n

C
O

V
ID

-1
9 

in
fe

ct
io

n 

di
se

as
e 

se
ve

ri
ty

St
ud

y 
de

si
gn

LV
 a

bn
or

m
al

iti
es

RV
 a

bn
or

m
al

iti
es

O
th

er
 fi

nd
in

gs
C

or
re

la
tio

n 
w

ith
 

bi
om

ar
ke

rs

C
or

re
la

tio
n 

w
ith

 c
lin

ic
al

 

ou
tc

om
es

B
ay

ca
n 

et
 

al
.8

10
0 

pa
tie

nt
s 

in
 T

ur
ke

y;

A
ge

: 5
6 

±
 1

4 
ye

ar
s;

50
%

 m
al

e;

H
TN

 (2
9%

), 
D

M
 (1

7%
);

Ex
cl

ud
ed

 p
at

ie
nt

s 
w

ith
 L

VE
F 

<
50

%
, w

al
l m

ot
io

n 
ab

no
rm

al
iti

es
, 

se
ve

re
 v

al
vu

la
r 

di
se

as
e,

 C
A

D,
 a

tr
ia

l 

fib
ril

la
tio

n,
 p

ul
m

on
ar

y 
hy

pe
rt

en
si

on
, 

or
 r

en
al

 fa
ilu

re

Se
ve

re
 

(r
es

pi
ra

to
ry

 r
at

e 

≥3
0,

 o
xy

ge
n 

sa
tu

ra
tio

n 

≤9
3%

, p
ar

tia
l 

pr
es

su
re

 o
f 

ar
te

ria
l o

xy
ge

n 

to
 fr

ac
tio

na
l 

co
nc

en
tr

at
io

n 
of

 

ox
yg

en
 in

sp
ire

d 

ai
r 

≤3
00

, 

se
pt

ic
 s

ho
ck

, 

m
ul

tio
rg

an
 

dy
sf

un
ct

io
n/

fa
ilu

re
 

re
qu

iri
ng

 IC
U

 

or
 m

ec
ha

ni
ca

l 

ve
nt

ila
tio

n)
: 3

0%
;

IC
U

 a
dm

is
si

on
 

(2
2%

), 
de

at
h 

(1
5%

)

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 

st
ud

y

M
ea

n 
LV

EF
 (%

): 

60
.3

 ±
 4

.6
;

M
ea

n 
LV

 G
LS

 (%
): 

-1
6.

8 
±

 2
.5

M
ea

n 
RV

-F
A

C
 (%

): 
 

45
.2

 ±
 5

.3
;

M
ea

n 
RV

LS
 (%

): 

-2
1.

6 
±

 5

N
A

LV
 G

LS
 a

ss
oc

ia
te

d 
w

ith
 

hs
-t

ro
po

ni
n 

I (
r=

0.
63

3,
 

p<
0.

00
1)

 a
nd

 D
-d

im
er

 

(r
=

0.
57

7,
 p

<
0.

00
1)

RV
LS

 a
ss

oc
ia

te
d 

w
ith

  

hs
-t

ro
po

ni
n 

l (
0.

60
8,

 

p<
0.

00
1)

 a
nd

 D
-d

im
er

 

(r
=

0.
62

0,
 p

<
0.

00
2)

Se
ve

re
 C

O
VI

D
-1

9 
in

fe
ct

io
n 

as
so

ci
at

ed
 w

ith
 lo

w
er

 L
V 

G
LS

 

(p
<

0.
00

1)
, h

ig
he

r 
sy

st
ol

ic
 

pu
lm

on
ar

y 
ar

te
ry

 p
re

ss
ur

e 

(p
<

0.
00

1)
, h

ig
he

r 
RV

 d
ia

m
et

er
 

(p
<

0.
00

1)
 a

nd
 lo

w
er

 R
VL

S 
(p

<
0.

00
1)

LV
 G

LS
 (O

R=
1.

63
5,

 p
=

0.
01

0)
, L

V 
G

LS
 

>
 -

15
.2

0%
 (O

R=
8.

34
2,

 p
<

0.
00

1)
, 

RV
LS

 (O
R=

1.
55

7,
 p

=
0.

01
9)

,  

RV
LS

 >
 -

18
.4

5%
 (O

R=
6.

22
9,

 

p=
0.

01
1)

 a
ss

oc
ia

te
d 

w
ith

 m
or

ta
lit

y

Li
 e

t a
l.32

12
0 

pa
tie

nt
s 

in
 C

hi
na

;

A
ge

: 6
1 

±
 1

4 
ye

ar
s;

48
%

 m
al

e;

H
TN

 (4
0%

), 
D

M
 (1

2%
), 

C
A

D
 (9

%
);

Ex
cl

ud
ed

 p
at

ie
nt

s 
w

ith
 k

no
w

n 

ca
rd

io
m

yo
pa

th
y 

or
 p

re
vi

ou
s 

M
I

IC
U

 a
dm

is
si

on
 

(2
1%

), 

A
RD

S 
(3

4%
), 

m
ec

ha
ni

ca
l 

ve
nt

ila
tio

n 

(1
3%

), 
de

at
h 

(1
5%

)

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 

st
ud

y

M
ea

n 
LV

EF
 (%

): 

63
.4

 ±
 7

.0

M
ea

n 
RV

-F
A

C
 (%

): 
 

45
.8

 ±
 6

.1
;

M
ea

n 
RV

LS
 (%

): 

-2
3.

5 
±

 4
.7

;

TA
PS

E 
(m

m
): 

22
.9

 ±
 3

.6

M
od

er
at

e-
to

-s
ev

er
e 

tr
ic

us
pi

d 
re

gu
rg

ita
tio

n 

(6
.7

%
)

N
A

RV
LS

 lo
w

er
 th

an
 2

3%
 a

ss
oc

ia
te

d 

w
ith

 h
ig

he
r 

m
or

ta
lit

y 
(p

<
0.

00
1)

;

RV
LS

 (H
R=

1.
45

; 9
5%

 C
I: 

1.
26

–1
.6

7;
 

p<
0.

00
1)

, R
V-

FA
C

 (H
R=

0.
88

;  

95
%

 C
I: 

0.
81

–0
.9

5;
 p

=
0.

00
2)

 a
nd

 

TA
PS

E 
(H

R=
0.

86
; 9

5%
 C

I: 
0.

76
–0

.9
7;

 

p=
0.

01
8)

 a
ss

oc
ia

te
d 

w
ith

 h
ig

he
r 

ris
k 

of
 m

or
ta

lit
y

La
ss

en
 e

t 

al
.33

21
4 

pa
tie

nt
s 

in
 D

en
m

ar
k;

A
ge

: 6
9 

±
 1

4 
ye

ar
s;

55
%

 m
al

e;

H
TN

 (5
7%

), 
D

M
 (2

6%
), 

he
ar

t f
ai

lu
re

 

(1
0%

), 
is

ch
ae

m
ic

 h
ea

rt
 d

is
ea

se
 

(1
6%

)

N
A

Pr
os

pe
ct

iv
e 

m
ul

tic
en

tr
e 

ob
se

rv
at

io
na

l s
tu

dy

M
ea

n 
LV

EF
 (%

): 

57
.6

 ±
 9

.0
;

M
ea

n 
G

LS
 (%

): 

16
.4

 ±
 4

.3
;

M
ed

ia
n 

E/
A

 r
at

io
: 

1.
0 

[0
.8

–1
.3

]

M
ea

n 
TA

PS
E 

(c
m

): 
 

2.
0 

±
 0

.4
;

M
ea

n 
RV

LS
 (%

): 
 

-1
9.

8 
±

 5
.9

N
A

N
A

Pa
tie

nt
s 

w
ith

 L
V 

or
 R

V 
dy

sf
un

ct
io

n 

w
er

e 
m

or
e 

lik
el

y 
to

 d
ie

 th
an

 th
os

e 

w
ith

ou
t (

p=
0.

01
1)

TA
PS

E 
(H

R=
1.

18
; 9

5%
 C

I: 
1.

07
–1

.3
1;

 

p=
0.

00
2,

 p
er

 1
-m

m
 d

ec
re

as
e)

, 

RV
LS

 (H
R=

1.
64

; 9
5%

 C
I: 

1.
02

–2
.6

6;
 

p=
0.

04
3,

 p
er

 1
%

 d
ec

re
as

e)
, a

nd
 

G
LS

 (H
R=

1.
20

; 9
5%

 C
I 1

.0
7–

1.
35

; 

p=
0.

00
2,

 p
er

 1
%

 p
ul

m
on

ic
 

de
cr

ea
se

) a
ss

oc
ia

te
d 

w
ith

 m
or

ta
lit

y



The Evolving Role of Echocardiography During the Coronavirus Disease 2019 Pandemic

33HEART INTERNATIONAL

A
ut

ho
r

St
ud

y 
po

pu
la

tio
n

C
O

V
ID

-1
9 

in
fe

ct
io

n 

di
se

as
e 

se
ve

ri
ty

St
ud

y 
de

si
gn

LV
 a

bn
or

m
al

iti
es

RV
 a

bn
or

m
al

iti
es

O
th

er
 fi

nd
in

gs
C

or
re

la
tio

n 
w

ith
 

bi
om

ar
ke

rs

C
or

re
la

tio
n 

w
ith

 c
lin

ic
al

 

ou
tc

om
es

M
in

ha
s 

et
 

al
.6

; A
ge

: 6
2 

±
 1

4 
ye

ar
s;

58
%

 m
al

e;

H
TN

 (7
2%

), 
D

M
 (4

1%
), 

C
A

D
 (1

5%
), 

he
ar

t f
ai

lu
re

 (1
5%

)

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n 

(6
3%

), 
A

RD
S 

(5
7%

), 
sh

oc
k 

(5
3%

), 
de

at
h 

(1
9%

)

Re
tr

os
pe

ct
iv

e 

ob
se

rv
at

io
na

l s
tu

dy

LV
EF

 >
50

%
 (8

1%
)

A
bn

or
m

al
 G

LS
  

(>
 -

16
%

): 
(4

7%
);

M
ea

n 
G

LS
 (%

):

 -
16

.1
 ±

 4
.3

;

A
bn

or
m

al
 M

W
E 

(<
95

%
): 

(7
9%

);

M
ed

ia
n 

M
W

E 
(%

): 

92
 [8

7–
94

]

N
or

m
al

 R
V 

fu
nc

tio
n 

(8
1%

);

M
ea

n 
TA

PS
E 

(c
m

): 
 

1.
8 

±
 0

.4

N
A

In
te

rle
uk

in
-6

 h
ig

he
r 

in
 

pa
tie

nt
s 

w
ith

 a
bn

or
m

al
 

G
LS

 v
er

su
s 

th
os

e 
w

ith
 

no
rm

al
 G

LS
 (p

=
0.

03
4)

;

M
W

E 
2.

04
%

 lo
w

er
 

pe
r 

hi
gh

er
 te

rt
ile

 o
f 

in
te

rle
uk

in
-6

 le
ve

l 

(p
=

0.
02

1)

M
W

E 
as

so
ci

at
ed

 w
ith

 m
or

ta
lit

y 

(a
dj

us
te

d 
O

R=
0.

87
; 9

5%
 C

I: 

0.
78

–0
.9

7;
 p

=
0.

00
9)

A
RD

S 
=

 a
cu

te
 r

es
pi

ra
to

ry
 d

is
tr

es
s 

sy
nd

ro
m

e;
 A

T 
=

 a
cc

el
er

at
io

n 
tim

e;
 B

N
P 

=
 b

ra
in

 n
at

riu
re

tic
 p

ep
tid

e;
 C

A
B

G
 =

 c
or

on
ar

y 
ar

te
ry

 b
yp

as
s 

gr
af

t; 
C

A
D

 =
 c

or
on

ar
y 

ar
te

ry
 d

is
ea

se
; C

I =
 c

on
fid

en
ce

 in
te

rv
al

; C
KD

 =
 c

hr
on

ic
 k

id
ne

y 
di

se
as

e;
 C

O
VI

D
-1

9 
=

 c
or

on
av

iru
s 

di
se

as
e 

20
19

; C
RP

 =
 C

-r
ea

ct
iv

e 
pr

ot
ei

n;
 D

M
 =

 d
ia

be
te

s 
m

el
lit

us
; E

C
M

O
 =

 e
xt

ra
co

rp
or

ea
l m

em
br

an
e 

ox
yg

en
at

io
n;

 G
LS

 =
 g

lo
ba

l l
on

gi
tu

di
na

l s
tr

ai
n;

 H
R 

=
 h

az
ar

d 
ra

tio
; H

Fr
EF

 =
 h

ea
rt

 fa
ilu

re
 w

ith
 r

ed
uc

ed
 e

je
ct

io
n 

fr
ac

tio
n;

 H
Fp

EF
 =

 h
ea

rt
 fa

ilu
re

 w
ith

 p
re

se
rv

ed
 

ej
ec

tio
n 

fr
ac

tio
n;

 h
s 

=
 h

ig
h 

se
ns

iti
vi

ty
; H

TN
 =

 h
yp

er
te

ns
io

n;
 IC

U
 =

 in
te

ns
iv

e 
ca

re
 u

ni
t; 

IQ
R 

=
 in

te
rq

ua
rt

ile
 r

an
ge

; L
V 

=
 le

ft
 v

en
tr

ic
le

; L
VA

D
 =

 le
ft

 v
en

tr
ic

ul
ar

 a
ss

is
t d

ev
ic

e;
 L

VE
F 

=
 le

ft
 v

en
tr

ic
ul

ar
 e

je
ct

io
n 

fr
ac

tio
n;

 M
I =

 m
yo

ca
rd

ia
l i

nf
ar

ct
io

n;
 M

W
E 

=
 m

yo
ca

rd
ia

l w
or

k 
ef

fic
ie

nc
y;

 N
A

 =
 n

ot
 a

va
ila

bl
e;

 O
R 

=
 o

dd
s 

ra
tio

; P
C

I =
 p

er
cu

ta
ne

ou
s 

co
ro

na
ry

 in
te

rv
en

tio
n;

 R
V 

=
 r

ig
ht

 v
en

tr
ic

le
; R

V-
FA

C
 =

 r
ig

ht
 v

en
tr

ic
ul

ar
 fr

ac
tio

na
l a

re
a 

ch
an

ge
; R

VL
S 

=
 r

ig
ht

 v
en

tr
ic

le
 lo

ng
itu

di
na

l s
tr

ai
n;

 T
A

PS
E 

=
 tr

ic
us

pi
d 

an
nu

la
r 

pl
an

e 
sy

st
ol

ic
 e

xc
ur

si
on

. 

Ta
bl

e 
1:

 C
on

ti
nu

ed

(LVEF) has been reported in up to 35% of patients with COVID-19.10,28,34–36 

However, the specific causative aetiology of reported LV abnormalities 

are not identifiable, as most COVID-19 studies have not included prior 

(pre-infection) echocardiography data. Furthermore, variation in case 

definitions for acute myocarditis or coronary syndrome during COVID-19 

infection has made confirming these diagnoses challenging, and 

definitions are often not included at all.

Many studies also suggest that LV systolic dysfunction is not a common 

manifestation in patients with COVID-19.9,34,35 For example, Szekely et 

al. found that, among 100 patients hospitalized for COVID-19 infection, 

28% of whom had a high COVID-19 Modified Early Warning Score, LV 

systolic dysfunction was seen in only 10% of patients, despite including 

16% of patients with ischaemic heart disease and 7% with congestive 

heart failure at baseline.30 In another study that excluded patients with 

previously abnormal echocardiography, Mahmoud-Elsayed et al. reported 

that LV function was rarely impaired and more often normal (in 41% of 

cases) or hyperdynamic (in 48% of cases) in acute COVID-19 infection.29 

Furthermore, 82% of these patients required mechanical ventilation, and 

38% died, showing that LV systolic function can be preserved even in 

severe cases of COVID-19 infection.

Data on LV dilation and diastolic dysfunction in patients with COVID-19 

are more limited. One study found LV dilation in 4% of cases,29 and a 

few studies have noted LV diastolic dysfunction in 6–49% of patients 

with COVID-19.27,30,36 However, it is often difficult to discern the acuity 

of diastolic dysfunction, given the high prevalence of comorbidities, 

including hypertension, in patients with COVID-19. Additionally, stress 

cardiomyopathy, with characteristic transient apical hypokinesis  

with basal sparing, has been observed in up to 6% of cases, mostly in 

older women.9,28,37,38

Right ventricle abnormalities
RV dysfunction has been reported in patients with COVID-19 and may be 

secondary to severe respiratory disease, acute pulmonary hypertension, 

cor pulmonale, pulmonary thromboembolism, right-sided myocardial 

infarction or focal myocarditis.39,40 In the study by Szekely et al., in which 

61% of patients had moderate disease requiring non-invasive oxygen 

therapy and 10% of patients needed mechanical ventilation, the authors 

found that RV dilation with or without RV dysfunction was the most 

common echocardiographic abnormality in COVID-19.30 RV dilation 

was noted in 39% of patients, and abnormal parameters of RV systolic 

function, namely reduced RV fractional area change, systolic tricuspid 

lateral velocity, Tei index and tricuspid annular plane systolic excursion 

(TAPSE), were found in 28%, 25%, 20% and 14% of patients, respectively.30 

Other studies have similarly noted high incidences in both RV dilation 

(in up to 49% of patients) and RV dysfunction (in up to 40% of patients) 

in COVID-19 (Table 1).9,27–29,31 However, it is important to recognize that 

studies by van den Heuvel et al. and Kim et al. found RV dysfunction in 

only 10% and 8% of patients, respectively.36,41 This discrepancy is likely to 

be the reflection of different patient cohorts with various disease severity, 

as none of the patients in the study by van den Heuvel et al. were on 

mechanical ventilation at the time of the echocardiographic examination.

Strain and myocardial work assessment
With the use of STE, there is increasing evidence that focal abnormalities 

may be present even when the global LVEF is preserved on standard 

echocardiography.6,42 Minhas et al. found abnormal GLS (absolute value 

<16%) in 47% of patients hospitalized with COVID-19, 57% of whom 

developed acute respiratory distress syndrome (ARDS), and 19% of 

whom died.6 Furthermore, the authors noted that, among patients with 
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normal LVEF, 36% had abnormal GLS.6 In this study, 72% of patients had 

pre-existing hypertension, 15% had coronary artery disease and 15% 

had heart failure, and baseline STE data prior to COVID-19 infection 

were not available. However, even when patients with abnormal baseline 

echocardiography (LVEF <50%, wall motion abnormalities, severe valvular 

disease) and cardiovascular comorbidities (coronary artery disease, atrial 

fibrillation, pulmonary hypertension, renal failure) were excluded, Baycan 

et al. found the mean LV GLS to be abnormal (-16.8 ± 2.5%) in patients 

with COVID-19, while mean LVEF was preserved (60.3 ± 4.6%).8 Similarly, 

for the RV, patients with COVID-19 have been shown to have abnormal RV 

longitudinal strain (RVLS).8,33 One study of 214 patients, including those with 

hypertension (57%), heart failure (10%) and ischaemic heart disease (16%) 

at baseline, found that the mean RVLS was abnormal at -19.8 ± 5.9%.33 

Together, these findings suggest that subclinical myocardial dysfunction 

is probably common in COVID-19 and is underestimated by standard 

echocardiography. However, a major limitation of these studies is the lack 

of pre-infection echocardiography data, which restricts the ability to make 

any conclusions regarding the causation between COVID-19 infection 

and myocardial injury. Prospective studies and control groups will be 

fundamental in future investigations.

In addition to abnormal GLS, STE studies have identified specific regional 

strain patterns in patients with COVID-19. Both Goerlich et al. and 

Stöbe et al. found reduced basal LV strain in more than 50% of patients 

hospitalized with COVID-19.16,42 This abnormal LV deformation in the basal 

segment, which has been observed in infiltrative cardiomyopathies such 

as Anderson–Fabry disease and different forms of myocarditis, including 

influenza myocarditis, is thought to reflect the susceptibility of certain 

myocardial regions to inflammatory or systemic stressors.16,43,44

Although data regarding MWE assessment in patients with COVID-19 are 

extremely limited, Minhas et al. reported that 79% of patients hospitalized 

with acute COVID-19 undergoing STE had abnormal MWE (<95%), and 

that 74% of patients with preserved LVEF had abnormal MWE.6 Therefore, 

in some cases, abnormal MWE may be an earlier or the only indicator of 

COVID-19-related myocardial dysfunction.

Other echocardiographic findings in acute 
coronavirus disease 2019 infection
Regional wall motion abnormalities have been reported in up to 14% of 

patients with COVID-19.10,28,41 Although it is difficult to discern the acuity 

of valvular abnormalities, aortic regurgitation, aortic stenosis, mitral 

regurgitation and tricuspid regurgitation have been reported in patients 

with COVID-19 (Table 1).27,28,30–32 Pericardial effusion, which can be secondary 

to pericarditis or perimyocarditis, has been reported in up to 7% of patients 

with COVID-19.27–29,45 Cardiac tamponade is rare but has been reported in 

several case reports46–48 and in 1% of patients in one study.9

The correlation of echocardiographic findings 
with biomarkers and clinical outcomes in 
coronavirus disease 2019
Several studies have reported correlations of echocardiographic findings 

with biomarkers or disease severity in COVID-19. Jain et al. found an 

inverse relationship between high sensitivity (hs)-cardiac troponin T and 

LVEF (ρ=-0.34, p=0.006).28 A lower absolute value of LV GLS has also been 

associated with higher hs-troponin I (r=0.633, p<0.001) and D-dimer 

(r=0.577, p<0.001).8 For diastolic dysfunction, Lairez et al. reported 

significantly lower lateral mitral annual diastolic velocity in patients 

with COVID-19 with elevated troponin levels compared with those with 

normal troponin levels (p=0.03).49 Another study found a higher E/e’ 

ratio in patients with severe ARDS compared with those with normal 

oxygenation (p=0.03).50

With regard to RV abnormalities, RV systolic dysfunction (defined by 

fractional area change) has been associated with elevated D-dimer  

(ρ=-0.34, p=0.003) and C-reactive protein (r=-0.23, p=0.045)29 in patients 

with COVID-19. A lower absolute value of RVLS has also been associated 

with higher hs-troponin I (r=0.608, p<0.001) and D-dimer (r=0.620, 

p<0.002).8 Additionally, patients with ARDS have been shown to have a 

significantly lower absolute value of RVLS compared with those without 

ARDS (p<0.001).32

There is increasing evidence that echocardiographic findings not only 

correlate with biomarkers but also correlate with mortality. One study 

found that myocardial injury and echocardiographic abnormalities 

together were associated with higher in-hospital mortality, whereas 

myocardial injury alone was not, highlighting the prognostic value of 

echocardiography.27 In patients with COVID-19, low LVEF has been 

associated with mortality (odds ratio [OR]=12.19; 95% confidence interval 

[CI]: 2.87–51.83; p=0.001).31 An elevated E/e’ ratio has also been associated 

with death (hazard ratio [HR]=1.08; 95% CI: 1.01–1.2; p=0.03), suggesting 

that LV diastolic dysfunction, in addition to LV systolic dysfunction, may 

be a sign of poor clinical outcome.30 Both studies that include patients 

with cardiovascular diseases at baseline and those that exclude patients 

with abnormal echocardiography, known cardiomyopathy or ischaemic 

heart disease have shown that TAPSE is significantly reduced in  

non-survivors compared with survivors32,33,51 and that RV dysfunction 

portends a poor prognosis in COVID-19 infection.31,32,41,52

STE-derived strain data have also been shown to be of prognostic benefit 

in COVID-19. Patients who died have been shown to have significantly 

worse LV GLS than those who survived.53 Baycan et al. more specifically 

reported that the absolute values of LV GLS <15.20% (HR=8.34; 95% CI: 

2.78–79.35; p<0.001) and RVLS <18.4% (OR=6.22; 95% CI: 1.51–25.67; 

p=0.01) were associated with increased mortality.8 Furthermore, Lassen 

et al. found that the risk of mortality increased with worsening LV GLS 

(HR=1.20; 95% CI: 1.07–1.35; p=0.002, per 1% decrease in absolute 

value) and worsening RVLS (HR=1.64; 95% CI: 1.02–2.66; p=0.043, per 

1% decrease in absolute value), indicating that the degree of myocardial 

dysfunction also offers prognostic value.33

Finally, MWE was found to be 2.04% lower per higher tertile of 

interleukin-6 level (p=0.021), and higher MWE was associated with lower 

in-hospital mortality (adjusted OR=0.87; 95% CI: 0.78–0.97; p=0.009).6 

These results suggest that MWE may correlate with the degree of 

systemic inflammation and also predict clinical outcomes in COVID-19.6

Echocardiographic findings in patients recovered 
from coronavirus disease 2019 infection
Although follow-up data are limited, significant diastolic abnormalities 

have been reported at 6-month follow-up in patients with elevated 

troponin levels during index hospitalization for COVID-19 infection.54 

STE studies have also shown that abnormal GLS, and specifically 

reduced strain in the basal segments of the LV, can persist for 1 to 

2 months after recovery from COVID-19 infection.42,55,56 Interestingly, 

Lassen et al. showed that, while TAPSE and RVLS improved 2 months 

after COVID-19 infection, LV GLS did not, although both LV and RV 

functions were impaired at follow-up compared with matched 

controls.57 More studies are needed to see whether LV GLS eventually 

improves or if LV GLS abnormalities persist even after a longer  
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follow-up duration. Furthermore, there is evidence that even 

asymptomatic patients who were not hospitalized for COVID-19 

infection had a significantly lower absolute value of LV GLS at follow-

up (median: 23 [interquartile range: 11–89] days) compared with 

healthy controls.58 This study excluded patients with COVID-19 who 

had abnormal electrocardiography, LVEF <50%, severe valvular heart 

disease or pre-existing cardiovascular disease, suggesting that the 

abnormal LV GLS at follow-up was likely to be related to COVID-19 

infection and not a result of underlying comorbidities. Together, these 

findings suggest that there may be residual myocardial involvement 

after acute infection, regardless of disease severity. Given that the 

indices of longitudinal strain on STE have been shown to strongly 

correlate with the amount of oedema on cardiac magnetic resonance 

imaging and levels of lymphocytic infiltrates on endomyocardial 

biopsy, echocardiography with STE can serve as an essential tool in 

guiding the next diagnostic and therapeutic steps in patients with 

post-acute sequelae of COVID-19.59–62

Knowledge gaps surrounding echocardiography 
in coronavirus disease 2019
There are a few notable gaps in our current knowledge of 

echocardiographic findings in COVID-19. First, there are a limited 

number of studies on myocardial strain and MWE in patients with 

COVID-19. More STE studies will offer further information about COVID-

19-related myocardial dysfunction. Additionally, studies comparing 

echocardiographic findings between patients with different variants 

of COVID-19 are lacking. Finally, there are few long-term follow-up 

data in the literature, and the exact clinical implications of myocardial 

injury and echocardiographic abnormalities during acute COVID-19 

infection are still not clear. Whether myocardial injury during COVID-19 

infection increases the risk of later developing cardiomyopathy, 

arrhythmias such as atrial fibrillation or ventricular arrhythmias, 

and myocardial infarction remains to be studied. Moreover, a 

significant limitation of existing studies is the lack of pre-infection 

echocardiographic data in enrolled patients, which restricts the ability 

to surmise any causal relationship between COVID-19 infection and 

echocardiography findings.

Conclusions
Echocardiography has been frequently used in acute COVID-19 infection 

for clinical diagnosis and management. The increasing use of STE has 

detected subclinical myocardial dysfunction that can be missed with 

standard echocardiography. A wide spectrum of echocardiographic 

findings, including LV and RV systolic or diastolic dysfunction, reduced 

basal LV strain and abnormal MWE, has been reported in patients with 

acute COVID-19 infection, and many of these findings correlate with 

biomarkers and mortality. More recently, the utility of echocardiography 

has expanded to guiding the diagnosis and therapeutic approaches for 

patients with post-acute sequelae of COVID-19. While studies including 

pre-infection echocardiography data are necessary to determine 

any true causal relationship between COVID-19 infection and the 

reported echocardiographic abnormalities, such studies would require 

leveraging established population-based cohorts that include baseline 

echocardiographic data regardless of cardiovascular history. Additional 

follow-up studies are needed to determine the long-term effects of 

myocardial injury during acute COVID-19 infection. ❑
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