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Serial Left and Right Ventricular Strain
Analysis in Patients Recovered from

COVID-19
Kathleen A. Young, MD, Hema Krishna, MD, Vaibhav Jain, MBBS, Izhan Hamza, MBBS,
Christopher G. Scott, MS, Patricia A. Pellikka, MD, and Hector R. Villarraga, MD, Rochester, Minnesota

Background: Strain analysis of transthoracic echocardiography (TTE) is a sensitive tool to detect myocardial
dysfunction in those affected by COVID-19. Consideration of preexisting cardiovascular disease is important
in detecting changes related to COVID-19.We sought to assess serial TTE changes in patients recovered from
COVID-19 comparedwith baseline, pre-COVID-19 exams, with a focus on left and right ventricular longitudinal
strain.
Methods: This retrospective review of serial TTEs in confirmedCOVID-19 patients atMayoClinic sites included
patients who had a TTEwithin 2 years prior to confirmedCOVID-19 diagnosis, and the first available outpatient
TTE after diagnosis was used as a comparison. Patients with interval cardiac surgery, procedure, or device
placement (n= 9)were excluded. Biventricular strainwas retrospectively performedonboth echocardiograms.
Results:Of 259 individuals, ages 606 16 years, 47% female, and 88%Caucasian, post-COVID-19 TTEs were
performed a median of 55 days (interquartile range, 37-92) following diagnosis. No clinically significant TTE
changeswere noted, although left ventricular ejection fractionwas higher (58%vs 57%,P = .049) and tricuspid
annulus plane systolic excursion was lower (20 vs 21 mm, P = .046) following COVID-19. Baseline left ventric-
ular global longitudinal strain (LV GLS) and right ventricular free wall strain (RV FWS) were normal (–19.6% and
–25.8%, respectively) and similar following COVID-19 (–19.6% and –25.7%, P = .07 and .77, respectively). In
the 74 inpatients, no significant change from baseline was seen for LV GLS (–19.4% vs –19.1%, P = .62), RV
FWS (–25.5% vs –25.0%,P = .69), or left ventricular ejection fraction (57% vs 57%, P = .71). A significant wors-
ening in strain occurred in 27 patients, 16 (6.8%) of the 237with LVGLS and 14 (6.0%) of the 235with RV FWS.
Ten (20%) patients reporting new symptoms following COVID-19 had worsened strain, compared with 5 (7%)
with persistent/progressive symptoms and 11 (9%) with no new symptoms (P = .04).
Conclusions:While patients with new symptoms following COVID-19 were more likely to have a worsening in
absolute strain values, no clinically significant change in TTE parameters was evident in most patients
following COVID-19 regardless of symptom status. (J Am Soc Echocardiogr 2022;35:1055-63.)
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Cardiacmanifestations reported in COVID-19 patients have included
acute coronary syndrome, arrhythmias, myocarditis, pericarditis,
stress cardiomyopathy, and right ventricular dilation and dysfunc-
tion.1-3 Strain is a sensitive tool for assessment of cardiac
dysfunction, and investigations of echocardiographic findings in
patients with COVID-19 have found right ventricular strain and left
ventricular global longitudinal strain (LV GLS) to be associated with
COVID-19-related death.4,5 However, among patients with
COVID-19 undergoing clinically indicated echocardiography, preex-
isting heart disease has been common, with two-dimensional echo-
cardiographic abnormalities present in 78% of patients who had
undergone echocardiography prior to the diagnosis of COVID-19.6

Thus, many of the echocardiographic abnormalities identified on
prior studies of patients with COVID-19 may have been preexisting.

Greater understanding of subtle changes in cardiac function attrib-
utable to COVID-19 is important because of the potential for chronic
cardiopulmonary symptoms in some patients.7,8 Multiple studies
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Abbreviations

IQR = Interquartile range

LV GLS = Left ventricular

global longitudinal strain

LVEF = Left ventricular
ejection fraction

RV FWS = Right ventricular
free wall strain

RVSP = Right ventricular
systolic pressure

TAPSE = Tricuspid annulus

plane systolic excursion

TTE = Transthoracic

echocardiography
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describing the echocardio-
graphic findings, including biven-
tricular strain analysis, of
individuals recovered from
COVID-19 have emerged.9-15

Most of these studies compare
inpatient echocardiogram
findings at the time of COVID-
19 infection to echocardiograms
obtained 1 to 4 months into re-
covery, with many suggesting re-
sidual subclinical cardiac
dysfunction based on strain anal-
ysis.9,12-14

However, comparison to pre-
COVID-19 cardiac status is
imperative. Oftentimes, inpa-
tient COVID-19 echocardio-
grams will follow abbreviated protocols and may not be ideal for
strain analysis.16-18 In addition, hemodynamic alterations related to
acute respiratory distress syndrome or use of inotropes and
mechanical ventilation could impact the results of studies obtained
while patients are acutely ill, particularly right ventricular free wall
strain (RV FWS).3,5 Therefore, the aim of this study was to evaluate
serial echocardiographic changes in patients recovered from
COVID-19 compared with their baseline, pre-COVID-19 echocar-
diogram, with a focus on left and right ventricular longitudinal strain.
METHODS

Study Design

This is an Institutional Review Board–approved retrospective re-
view of clinically indicated serial transthoracic echocardiography
(TTE) in patients with laboratory-confirmed COVID-19 at Mayo
Clinic sites. Patients were identified throughMayo Clinic’s established
registry of confirmed and recovered COVID-19 patients as of January
2021. Identified patients were then cross-referenced with the echo-
cardiography laboratory database. Demographic and clinical informa-
tion was abstracted from the medical record.
Patient Population

Included patients had a baseline TTE or stress TTE in the 2 years
prior to their confirmed COVID-19 diagnosis (since January 1,
2019). The first available outpatient TTE following COVID-19 diag-
nosis was utilized for comparison. All baseline and follow-up TTEs
were completed between January 2019 and February 2021.
Medical records were reviewed for interim cardiac events; 3 patients
with cardiac surgery were excluded. An additional 6 patients were
excluded due to interval cardiac intervention or device placement,
which could influence changes in serial strain analysis.
Echocardiography

Left and right ventricular longitudinal strain assessment was retro-
spectively performed on both echocardiograms to assess for changes
that may be attributable to the diagnosis of COVID-19. This was
completed by 3 experienced research sonographers whowere blinded
to the aims of the study. Strain analysis was completed with TomTec
software, and the echocardiography core lab protocol was followed.
A significant worsening in strain was defined as a relative increase of
$15% from the pre-COVID-19 echocardiogram and to a value greater
than –18% for LV GLS and greater than –24% for RV FWS.19-23
Post-COVID-19 Symptoms

Chart review was completed on all patients to evaluate cardiopul-
monary symptom status following COVID-19 infection. Charts of
outpatient medical record notes at the time of the post-COVID-19
TTE were reviewed for documentation of new or persistent/progres-
sive cardiopulmonary symptoms compared with the patient’s pre-
COVID-19 baseline. Symptoms evaluated included arrhythmia,
cough, lightheadedness, edema, fatigue, chest pain, palpitations, and
dyspnea. Patients were sorted into 1 of 3 categories: no symptoms,
new symptoms, or persistent/progressive symptoms. Seven patients
had indeterminate symptom status at the time of the post-COVID-
19 TTE.
Statistical Analysis

Individual characteristics are presented as number (percentage) for
categorical variables, mean (SD) for normally distributed continuous
variables, and median (interquartile range [IQR]) for nonnormally
distributed variables. Changes between measurements taken on
pre- and post-COVID-19 echocardiograms were analyzed using
paired t test for continuous variables that were approximately nor-
mally distributed or Wilcoxon signed-rank test for continuous vari-
ables that did not appear to be normally distributed. Categorical
variables were compared between time points using McNemar’s
test. Comparisons of categorical variables between independent
groups such as symptom status or significant changes in strain were
based on chi-square test or Fisher’s exact test. Comparison of contin-
uous variables between independent groups was based on 2-sample
t test or Wilcoxon rank-sum test. Comparison of changes between
groups based on symptoms was based on analysis of variance
methods. Subgroup analysis was also performed in those who were
managed as inpatients for COVID-19. All analyses were performed
using SAS version 9.4. Two-sided tests were used, and P < .05 was
set as the level of significance.
RESULTS

A total of 259 individuals had both a baseline echocardiogram prior
to their COVID-19 diagnosis and an outpatient echocardiogram
completed after recovery from COVID-19 infection. The average
age of the patients included was 60 years (SD = 16), 47% were fe-
male, and 88% were Caucasian (Table 1). Approximately two-
thirds (71%) of the patients were managed for COVID-19 in the
outpatient setting. There was a high prevalence of comorbidities at
baseline, with hypertension (58%), congestive heart failure (31%),
and cardiac arrythmias (31%) occurring most frequently (Table 1).

Of the 74 patients that were hospitalized following COVID-19
diagnosis, 66 (89%) were admitted for symptomatic COVID-19
infection and 8 (11%) had an alternative primary admitting diagnosis.
Six patients (8%) required intensive care unit level of care, 3 (4%)
required mechanical ventilation, and 51 (69%) required supple-
mental oxygen.

The pre-COVID-19 echocardiogram was obtained a median of
220 days (IQR, 98-358) prior to laboratory-confirmed COVID-19
diagnosis. The post-COVID-19 echocardiogram occurred a median



HIGHLIGHTS

� On average, no clinically significant differences were seen

comparing pre- and post-COVID-19 TTEs.

� A new reduction of left or right ventricular strain after COVID-

19 infection was uncommon.

� Reduction in strain was more common in patients with new

symptoms following COVID-19.
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of 55 days (IQR, 37-92) following COVID-19 diagnosis, with a me-
dian time of 327 days (IQR, 168-429) between pre- and post-
COVID-19 studies. Time to post-COVID-19 echocardiogram
following diagnosis was longer for those managed as inpatients versus
outpatients, with a median of 68 days (IQR, 44-115) compared to
50 days (IQR, 33-77), respectively (P < .001).
Table 1 Patient characteristics at the time of pre-COVID-19 echo

Total (N = 259)

Age, years, mean (SD) 60 (16)

Gender, female, n (%) 122 (47)

Body mass index, mean (SD) 30 (7)

Race, n (%):

White 227 (88)

African American 18 (7)

Native American 4 (2)

Asian 2 (1)

Other 6 (2)

Hispanic ethnicity, n (%) 12 (5)

COVID-19 management, n (%):

Inpatient 74 (29)

Outpatient 185 (71)

Comorbidities, n (%):

Hypertension 150 (58)

Cardiac arrhythmias 79 (31)

Congestive heart failure 81 (31)

Coronary artery disease 60 (23)

Cardiac amyloidosis 2 (1)

Cardiac transplant 16 (6)

Diabetes mellitus 74 (29)

Chronic kidney disease 47 (18)

Dialysis 15 (6)

Other organ transplant 17 (7)

Stroke 20 (8)

Chronic obstructive pulmonary disease or asthma 51 (20)

Pulmonary circulation disorder 12 (5)

Chronic liver disease 18 (7)

Cancer 75 (29)

Current/former smoker 89 (34)
Indications for pre- and post-COVID-19 echocardiograms were
evaluated based on the referral diagnoses recorded at the time of
echocardiography. Compared with the pre-COVID-19 indications,
there were a higher number of echocardiograms obtained for the indi-
cation of heart failure on the post-COVID-19 studies (n = 18 vs
n = 31, respectively; P = .007; Figure 1). There was no significant dif-
ference in the number of studies for the indications of left ventricular
function, chest pain, palpitations, dyspnea, arrhythmia, or fatigue on
the post-COVID-19 echocardiograms (Figure 1).
Echocardiography Data

Overall, no clinically significant changes were seen when comparing
the baseline pre-COVID-19 echocardiograms to those obtained
following recovery from COVID-19 infection (Graphical Abstract,
Table 2). The average left ventricular ejection fraction (LVEF) at
baseline was 57% (SD = 11), and it was 58% (SD = 11) following
COVID-19 infection (Table 2, P = .049). When those patients who
had been hospitalized for COVID-19 were evaluated separately, no
cardiogram

Significant worsening

in LV GLS or RV FWS (n = 27)

No significant change

in LV GLS or RV FWS (n = 225) P value

64 (15) 60 (16) .26

16 (59) 101 (45) .16

30 (7) 30 (9) .62

.32

22 (81) 200 (89)

3 (11) 14 (6)

0 (0) 3 (1)

1 (4) 1 (0.4)

1 (4) 7 (3)

1 (4) 11 (5) .78

.07

12 (44) 61 (27)

15 (56) 164 (73)

18 (67) 129 (57) .36

13 (48) 65 (29) .04

15 (56) 60 (27) .002

4 (15) 53 (24) .30

0 (0) 2 (1) >.99

2 (7) 13 (6) .74

7 (26) 66 (29) .73

6 (22) 39 (17) .55

2 (7) 13 (6) .74

3 (11) 14 (6) .35

4 (15) 16 (7) .17

8 (30) 41 (18) .16

1 (4) 11 (5) >.99

0 (0) 18 (8) .23

10 (37) 63 (28) .34

9 (33) 77 (34) .94



Figure 1 Comparison of TTE study indications for pre- and post-COVID-19 studies. Asterisk (*) denotes category with statistically
significant difference between study dates; P < .05.
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significant change was seen between the 2 studies (57% vs 57%,
P = .71). There was no significant change in left ventricular size
(P = .26) or regional wall motion abnormalities (P = .76). There
was no significant change in diastolic function assessment including
overall grade (P = .53), medial e’ (P = .50), E/e’ (P = .52), or left
atrial volume index (P = .43). There was no significant change in
overall right ventricular size (P = .99) or global systolic function
(P = .08) compared to baseline. Right ventricular systolic pressure
(RVSP) was not significantly different between the 2 studies
(P = .81). As for other markers of RV systolic function, a smaller
portion of individuals had tricuspid annulus plane systolic excursion
(TAPSE) and RV s’ reported on both studies (n = 50 and 69, respec-
tively). There was no significant change in RV s’ (P = .65); however,
TAPSE was higher prior to COVID-19 infection (21 vs 20, P = .046;
Table 2).
Serial Left and Right Ventricular Strain Analysis

Left and right ventricular longitudinal strain was retrospectively
analyzed in 237 (92%) and 235 (91%) of the included patients,
respectively. LV GLS could not be measured in 15 (6%), RV FWS
could not be measured in 17 (7%), and neither LV GLS nor RV
FWS could be analyzed in 7 (3%) patients. Reasons for the inability
to obtain strain analysis included poor image quality, contrast use,
or incomplete acquisition of necessary views at the time of study
completion. Prior to infection, mean LV GLS was normal at –19.6%
(SD = 3.4). After COVID-19 infection, there was no significant
change in the mean LV GLS (–19.6%, P = .07; Table 2). COVID-19
patients hospitalized following their diagnosis demonstrated no differ-
ence in LV GLS between pre- and post-COVID-19 echocardiograms
(LV GLS, –19.4% vs –19.1%, respectively, P = .62; Table 2). Similarly,
RV FWS was normal in all patients at the time of the pre-COVID-19
TTE (–25.8%) with no significant change following recovery from
COVID-19 infection (–25.7%, P = .77; Table 2). Again, there was
no difference comparing pre- and post-COVID-19 RV FWS in those
patients who were hospitalized following their diagnosis (–25.5% vs
–25.0%, P = .69; Table 2).
However, a clinically significant worsening in strain, defined as a
relative increase of $15% from the pre-COVID-19 echocardiogram
and to a value greater than –18% for LV GLS and greater than –24%
for RV FWS, was seen in 27 patients including 16 (6.8%) of the 237
patients with LV GLS and 14 (6%) of the 235 patients with RV FWS.
Three patients had a significant worsening in both LV GLS and RV
FWS. In the 16 patients with worsened LV GLS, pre-COVID-19
mean LV GLS was –19.9% (SD = 1.7), and post-COVID-19 it was
–14.5% (SD = 1.9). In the 14 patients with worsened RV FWS, results
were –27.1% (SD = 3.1) before and –18.6% (SD = 4.0) after
COVID-19. Compared with those with no significant change in LV
GLS or RV FWS (n = 225), those with a significant worsening in strain
(n = 27) were more likely to have cardiac arrhythmias (P = .04) or
heart failure (P = .002) at baseline (Table 1).
Correlation of Post-COVID-19 Symptoms and
Echocardiographic Data

Cardiopulmonary symptom status following COVID-19 infection
could be determined by chart review in 252 patients. New symptoms
from the patient’s baseline following COVID-19 infection were pre-
sent in 49 (19%), and persistent/progressive symptoms were present
in 70 (28%) patients. The remaining 133 (53%) patients had no
symptoms following COVID-19 infection. By far, the most common
symptom was dyspnea, which was present in 78 (66%) of the 119
with new or persistent/progressive symptoms (Figure 2). Patients
with new symptoms more commonly reported fatigue (P < .001,
Figure 2).

Changes in echocardiographic parameters for those with new
symptoms following COVID-19 (n = 49) were compared to those
with persistent/progressive symptoms (n = 70) or no symptoms
(n= 133, Table 3). No statistically significant differences were seen be-
tween the groups (Table 3). Cardiac biomarker levels were recorded
when available for hospitalized patients. There was no significant dif-
ference in peak cardiac troponin (P = .84) or N-terminal pro-brain
natriuretic peptide (P = .56) values in those with new versus persis-
tent/progressive versus no symptoms.



Table 2 Comparison of Pre-COVID-19 and post-COVID-19 echocardiographic characteristics

Pre-COVID-19

echocardiogram

(N = 259)

Post-COVID-19

echocardiogram

(N = 259)

Data

available, N Change mean (SD) P value

Heart rate, beats/min, mean (SD) 73 (14) 72 (13) 256 –0.2 (14.8) .92

Atrial fibrillation/flutter, n (%) 22 (9) 20 (8) 240 .37

Systolic blood pressure, mm Hg, mean (SD) 130 (20) 132 (22) 257 1.0 (21.1) .76

Diastolic blood pressure, mm Hg, mean (SD) 74 (13) 75 (12) 257 0.6 (12.6) .84

LV GLS, %, mean (SD) –19.6 (3.4) –19.6 (3.6) 237 –0.1 (2.5) .07

Managed as inpatient (n = 74), mean (SD) –19.4 (3.0) –19.1 (3.6) 70 0.2 (2.8) .62

RV FWS, %, mean (SD) –25.8 (4.5) –25.7 (4.1) 235 0.01 (4.0) .77

Managed as inpatient (n = 74), mean (SD) –25.5 (4.6) –25.0 (4.6) 65 0.2 (4.7) .69

LVEF, %, mean (SD) 57 (11) 58 (11) 259 1.0 (7.7) .049

Managed as inpatient (n = 74), mean (SD) 57 (12) 57 (12) 74 –0.4 (8.2) .71

LV stroke volume index, mL/m2, mean (SD) 44 (11) 45 (12) 183 0.5 (9.7) .46

RWMSI, mean (SD) 1.1 (0.3) 1.1 (0.3) 265 0.01 (0.17) .49

RWMSI >1, n (%) 35 (14) 36 (14) 259 .76

LV size, n (%): 252 .26

Normal 212 (83) 207 (81)

Mildly enlarged 21 (9) 26 (10)

Moderately enlarged 13 (5) 14 (5)

Severely enlarged 8 (3) 9 (4)

LV end-diastolic dimension, mm, mean (SD) 50 (7) 50 (7) 239 –0.2 (5.2) .63

LV end-systolic dimension, mm, mean (SD) 34 (8) 33 (8) 219 –0.3 (4.8) .36

LV end-diastolic volume, mL, mean (SD) 128 (56) 130 (60) 83 –3.2 (29.0) .32

LV end-systolic volume, mL, mean (SD) 60 (44) 59 (45) 83 –3.1 (20.8) .18

Septal wall thickness, mm, mean (SD) 11 (2) 11 (2) 212 0.01 (1.7) .85

Posterior wall thickness, mm, mean (SD) 10 (2) 10 (2) 212 –0.08 (1.8) .78

Relative wall thickness, mean (SD) 0.41 (0.09) 0.42 (0.09) 212 –0.001 (0.09) .83

Diastolic function grade: 91 .53

Normal 46 (30) 32 (27)

Grade 1 34 (22) 16 (13)

Grade 2 14 (9) 10 (8)

Grade 3 1 (1) 2 (2)

Indeterminate 58 (38) 59 (50)

Mitral E/A ratio, mean (SD) 1.2 (0.7) 1.3 (0.8) 170 –0.05 (0.69) .67

Mitral annulus e’ medial, m/sec, mean (SD) 0.07 (0.03) 0.07 (0.03) 183 0.0009 (0.02) .50

Mitral E/e’ (medial), mean (SD) 12.4 (6.9) 12.1 (6.2) 179 –0.2 (4.6) .52

Left atrial volume index, mL/m2, mean (SD) 35 (13) 35 (12) 129 –0.6 (8.4) .43

Mitral valve regurgitation, moderate or greater, n (%) 14 (6) 13 (6) 211 .71

Tricuspid valve regurgitation, moderate or greater, n (%) 14 (6) 18 (7) 227 .48

Aortic valve regurgitation, moderate or greater, n (%) 5 (2) 7 (3) 191 .16

RV size, n (%): 241 .99

Normal 202 (82) 209 (83)

Mildly enlarged 35 (14) 33 (13)

Moderately enlarged 7 (3) 8 (3)

Severely enlarged 2 (1) 1 (0.4)

RV function, n (%): 241 .08

Normal 207 (83) 215 (85)

(Continued )
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Table 2 (Continued )

Pre-COVID-19

echocardiogram

(N = 259)

Post-COVID-19

echocardiogram

(N = 259)

Data

available, N Change mean (SD) P value

Mildly reduced 32 (13) 29 (12)

Moderately reduced 8 (3) 7 (3)

Right atrial pressure, mm Hg, mean (SD) 6 (3) 6 (3) 193 –0.2 (3.0) .39

RVSP, mm Hg, mean (SD) 33 (11) 33 (12) 147 –0.2 (10.0) .81

TAPSE, mm, mean (SD) 21 (5) 20 (5) 50 –1.3 (4.6) .046

RV s’, m/sec, mean (SD) 0.12 (0.03) 0.12 (0.03) 69 –0.002 (0.03) .65

Pericardial effusion, n (%) 20 (8) 17 (7) 250 .53

LV, Left ventricular; RV, right ventricular; RWMSI, regional wall motion score index.

Figure 2 Post-COVID-19 symptom assessment was completed by chart review of clinical documentation at the time of the patient’s
post-COVID-19 TTE. The figure demonstrates the percentage of patients reporting a corresponding symptom, categorized by those
with new symptoms versus patients reporting persistent/progressive symptoms. Asterisk (*) denotes category with statistically sig-
nificant difference between those with new symptoms and those with persistent/progressive symptoms; P < .05.
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Excluding the 7 patients with neither LV GLS nor RV FWS mea-
surements available, patients were evaluated according to post-
COVID-19 symptom status and change in strain (Graphical
Abstract). Of the 49 patients with new symptoms following
COVID-19, a significant worsening in LVGLS or RV FWSwas present
in 10 (20%). Patients with new symptoms following COVID-19 infec-
tion weremore likely to have a clinically significant worsening in strain
(20%) compared with those who had a clinically significant wors-
ening in strain but with persistent/progressive symptoms (7%) or
no symptoms (9%, P = .04; Graphical Abstract).
DISCUSSION

To our knowledge, this is the first study that evaluates echocardio-
graphic changes related to COVID-19 infection by comparing base-
line, pre-COVID-19 echocardiograms to those obtained following
COVID-19 infection, thereby accounting for preexisting cardiovascu-
lar disease as well as abnormalities that might have been due to
hemodynamic perturbations related to acute COVID illness. In this
retrospective study of 259 comorbid individuals managed either as in-
patients or outpatients for their COVID-19 infection, no clinically sig-
nificant differences were identified comparing pre- and post-COVID-
19 echocardiograms. There was no difference in overall LV GLS and
RV FWS between pre- and post-COVID-19 echocardiograms, even
when those who were hospitalized following diagnosis were evalu-
ated separately. However, a significant worsening in LV GLS and/or
RV FWS occurred in a small portion of individuals (6.8% and 6.0%,
respectively), and those reporting new cardiopulmonary symptoms
following COVID-19 infection were more likely to have a clinically
significant worsening in LV GLS and/or RV FWS.

As it was recognized that myocardial injury was common in acute
COVID-19 infection with many potential cardiac manifestations,1

TTE was readily poised to be the ideal diagnostic tool to help identify
cardiac involvement and risk stratify patients. It was noted early on
that both right and left ventricular strain were commonly abnormal
in patients hospitalized with acute COVID-19 infection and were
associated with increased COVID-19 mortality.4,5,24,25 However, in



Table 3 Changes in TTE parameters by post COVID symptom status

No symptoms (N = 133)

Persistent/progressive

symptoms (n = 70) New symptoms (n = 49) P value*

Echocardiogram:

Heart rate, beats/min, mean (SD) –1.4 (12.2) –0.6 (17.4) 2.2 (17.2) .36

Systolic blood pressure, mm Hg, mean (SD) –0.7 (20.1) 5.4 (22.7) –2.4 (18.0) .09

Diastolic blood pressure, mm Hg, mean (SD) 0.9 (13.0) 1.2 (12.5) –0.8 (11.2) .66

LV GLS, %, mean (SD) –0.4 (2.1) –0.1 (2.4) 0.4 (3.3) .20

Managed as inpatient (n = 69), mean (SD) 0.1 (3.1) 0.6 (2.0) 0.1 (3.5) .63

RV FWS (%), mean (SD) 0.01 (3.7) –0.5 (4.0) 0.7 (4.5) .24

Managed as inpatient (n = 64), mean (SD) 0.4 (3.7) –1.0 (4.7) 1.4 (5.8) .26

LVEF (%), mean (SD) 1.3 (7.6) 1.4 (7.0) –1.1 (8.8) .15

Managed as inpatient (n = 73), mean (SD) –0.2 (8.6) 1.2 (7.1) –2.6 (8.8) .30

LV stroke volume index, mL/m2, mean (SD) 1.8 (9.7) –1.5 (9.9) 0.2 (9.7) .13

RWMSI, mean (SD) –0.002 (0.18) 0.02 (0.20) 0.02 (0.08) .62

LV end-diastolic dimension, mm, mean (SD) –0.1 (4.9) –0.9 (6.1) 0.6 (4.7) .30

LV end-systolic dimension, mm, mean (SD) –0.3 (5.0) –1.1 (3.7) 0.7 (5.6) .20

LV end-diastolic volume, mL, mean (SD) –1.6 (34.6) –1.5 (23.6) –8.5 (20.2) .69

LV end-systolic volume, mL, mean (SD) –5.6 (23.7) –0.7 (20.1) 0.5 (12.8) .51

Septal wall thickness, mm, mean (SD) –0.1 (1.6) 0.5 (2.0) –0.2 (1.6) .07

Posterior wall thickness, mm, mean (SD) –0.07 (1.8) 0.07 (1.9) –0.15 (1.6) .82

Relative wall thickness, mean (SD) –0.001 (0.09) 0.01 (0.11) –0.01 (0.08) .60

Mitral E/A ratio, mean (SD) –0.11 (0.77) –0.02 (0.67) 0.06 (0.42) .47

Mitral annulus e’ medial, m/sec, mean (SD) 0.002 (0.02) –0.001 (0.02) –0.001 (0.02) .52

Mitral E/e’ (medial), mean (SD) –0.9 (4.8) 0.4 (4.1) 0.9 (4.4) .07

Left atrial volume index, mL/m2, mean (SD) –1.6 (8.3) 1.1 (9.2) –1.0 (7.1) .30

Right atrial pressure, mm Hg, mean (SD) –0.5 (3.0) –0.4 (3.1) 0.4 (2.6) .30

RVSP, mm Hg, mean (SD) –0.9 (8.6) –1.4 (10.7) 3.8 (12.6) .11

TAPSE, mm, mean (SD) –0.9 (5.7) –1.2 (3.1) –2.0 (4.5) .87

RV s’, m/sec, mean (SD) 0.004 (0.03) –0.010 (0.03) –0.004 (0.02) .28

LV, Left ventricular; RV, right ventricular; RWMSI, regional wall motion score index.
*Analysis of variance P value reported for comparison across 3 groups.
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acutely ill COVID-19 patients who can have advanced pulmonary
involvement, abnormalities of cardiac function are often a reflection
of the cardiac response to the stress and treatment (i.e., inotropes, me-
chanical ventilation) of a systemic inflammatory illness.3 Furthermore,
we have previously shown that many of the cardiac abnormalities
observed in patients with acute COVID-19 infection were
preexisting.6

As the population of patients recovered from COVID-19 con-
tinues to grow, multiple publications have reported on echocardio-
graphic findings following COVID-19 infection.9-15 Ozer et al.14

reported ongoing evidence of cardiac dysfunction based on abnormal
LV GLS values in 1/3 of patients recovered from COVID-19 infec-
tion; however, there was no comparison to baseline or inpatient echo-
cardiographic data. Lassen et al.12 found that right ventricular function
measured by right ventricular longitudinal strain and TAPSE
improved with recovery from COVID-19; however, LV GLS re-
mained reduced at 3 months post-COVID-19 diagnosis. This study
also demonstrated that right and left ventricular strain in those recov-
ered from COVID-19 were lower when compared with COVID-19-
free matched controls.12 Several other studies have compared inpa-
tient echocardiographic findings at the time of COVID-19 infection
to subsequent outpatient follow-up ranging from 1 to 4
months.9-11,13,15 The World Alliance Societies of Echocardiography
COVID follow-up study, which included 153 paired baseline and
follow-up echocardiograms, found no significant change in left or
right ventricular function during recovery from COVID-19.
However, when evaluated separately, those with impaired left or right
ventricular function tended to improve.10 Other studies similarly sug-
gest there is an overall trend toward improvement in biventricular
function,11,15 with some studies noting concern for residual subclinical
ventricular dysfunction based on strain analysis.9,13

The current study is novel as it provides a comparison of outpatient
post-COVID-19 echocardiograms to baseline pre-COVID-19 studies,
thereby accounting for preexisting cardiovascular disease and avoid-
ing acute and temporary imaging abnormalities and abbreviated ex-
amination protocols that are often followed in acute COVID-19
illness.18 Many echocardiographic parameters were evaluated in
this population of patients recovered from COVID-19 infection,
and no clinically significant differences were seen. These findings
are additive to the current literature that has demonstrated there is
improvement in many echocardiographic parameters following acute
COVID-19 infection, further suggesting that when baseline cardiac
function is taken into consideration, many patients will not experi-
ence a significant change in their cardiac structure or function due
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to COVID-19 infection, even when assessed by a sensitive parameter
such as strain.

However, we were able to identify a small portion of individuals
that did experience a significant worsening in LV GLS and/or RV
FWS following COVID-19 infection. These individuals were more
likely to have cardiovascular comorbidities including cardiac arrhyth-
mias and heart failure at baseline, which may contribute to a substrate
for a change in strain with COVID-19 infection as preexisting cardio-
vascular disease has been associated with increased severity of
illness.26

Notably, a large portion of the studied patients did have a milder
COVID-19 illness, with many managed as outpatients and with
only a few of the inpatients requiring intensive care unit care and/
or mechanical ventilation. However, this mirrors what is seen in clin-
ical practice and represents findings from a true sample of recovered
COVID-19 patients. Importantly, anyone with a history of COVID-
19 may experience persistent cardiopulmonary symptoms following
COVID-19 infection despite the severity of their illness, often termed
long COVID or post-COVID syndrome.7,27,28 In our studied popula-
tion, there was no increase in post-COVID-19 symptom-related indi-
cations for TTE such as chest pain, dyspnea, palpitations, and fatigue.
However, further chart review was completed on all patients for car-
diopulmonary symptom status following COVID-19 infection, which
indeed showed 19% of patients reported new and 28% reported
persistent/progressive symptoms from their pre-COVID-19 baseline
at the time of their post-COVID-19 TTE.

Given the potential significant clinical impact of a large number of
recovered patients with post-COVID syndrome, we sought to find
any associations between post-COVID-19 symptom status and echo-
cardiographic parameters. We saw no significant differences in the
change of TTE findings between those reporting new symptoms,
persistent/progressive symptoms, or no symptoms from baseline
following COVID-19 infection. Interestingly, when LV GLS and RV
FWS changes were evaluated in the context of post-COVID-19
symptoms, patients reporting new symptoms following COVID-19
were found to be more likely to have a clinically significant worsening
in absolute LV GLS and/or RV FWS values compared with those with
either persistent/progressive symptoms or no symptoms. Recently
published expert consensus pathways recommend a basic cardiac
evaluation, including TTE, for those with cardiopulmonary post
COVID-19 symptoms,29 particularly if they are new. The current
study findings indicate that left and right ventricular strain assessment
should be considered as part of a comprehensive TTE in those with
post-COVID syndrome, as new strain abnormalities may indicate a
need for further cardiac evaluation and/or follow-up.
Limitations

This study has limitations that should be acknowledged in the inter-
pretation of the data. The goal of this study was to evaluate for echo-
cardiographic changes pre- and post-COVID-19 infection. However,
we did not track medication use or medication changes for this study,
which may have influenced echocardiographic findings. In addition,
the large portion of mild COVID-19 cases may limit our ability to
see differences in studied parameters. Given the retrospective nature
of the study, chart review and abstraction were completed for all pa-
tients, and we excluded those known to have interval cardiac surgery
or invasive cardiac procedures, but it remains possible that some pa-
tients could have had interim events performed elsewhere that were
not recognized. The generalizability of the findings is limited by
the fact that only surviving patients were eligible for inclusion in this
retrospective review and that the population studied was largely
Caucasian. Lastly, patients categorized as having persistent/progres-
sive symptoms could indeed have delayed symptoms related to
COVID-19 infection contributing to their post-COVID-19 symptom
status; however, this is difficult to discern by chart review, so they are
categorized separately from those with new symptoms from baseline
for the purposes of this manuscript.
CONCLUSION

In this retrospective review of patients with both pre- and post-
COVID-19 echocardiographic evaluation, no clinically significant
change in TTE parameters was evident in most patients following
COVID-19, even as detected by sensitive parameters such as strain
analysis. However, patients reporting new symptoms following
COVID-19 infection were more likely to have a clinically significant
worsening in absolute values of LV GLS and/or RV FWS and warrant
cardiac evaluation.
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