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Introduction

Coronavirus disease 2019 (COVID-19) is a threat 
in terms of prevalence and mortality worldwide (1). 
Myocardial damage in patients with COVID-19 
infection has been reported (2,3). Several case reports 
and small series have suggested that elevated troponin 
in COVID-19 patients has a significant impact on 
worsening cardiovascular disease and death (4-6). 
Recently, a study reported an association between high-
sensitivity troponin T (hsTnT) levels slightly elevated 
above the detection sensitivity and myocardial damage 
on magnetic resonance imaging (MRI) in recovered 
COVID-19 (7). In addition, cardiac MRI abnormalities 
were detected in mild cases of COVID-19 among young 
athletes (8). It was also reported that strain analysis by 

echocardiography performed during hospitalization was 
associated with death (9-11). In particular, myocardial 
strain analysis by echocardiography has shown that a 
reduction in left and right ventricular longitudinal strain 
is an independent prognostic factor (12,13). Therefore, it 
is assumed that abnormalities in cardiac functions seen 
on an echocardiogram may be prolonged even after the 
recovery of the infection. In addition, there are no studies 
on the detailed assessment of cardiac functions by 
echocardiography during the recovery period, including 
studies on patients with mild or poor symptomatic 
disease and no history of oxygen inhalation.
 The aim of this study was to evaluate the presence 
of myocardial damage using serological myocardial 
damage markers and echocardiography in patients who 
had recently recovered from COVID-19 disease.
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age was 44 (± 12) years (range: 36-55 years), and 50.7% of the patients were males. The median time interval 
(interquartile range) from COVID-19 onset to post-recovery examination was 56 days (34-96 days). Seventy-four 
recovered patients (35.4%) had hsTnT less than detection sensitivity (< 3 pg/mL) and 135 recovered patients (64.6%) 
had hsTnT ≥ 3 pg/mL. Ejection fraction was more than 50% in all cases. Left ventricular global longitudinal strain 
(LVGLS) and right ventricular free-wall longitudinal strain (RVFWLS) were reduced in 62 (29.7%) and 8 patients 
(3.8%), respectively. They were significantly associated with elevated hsTnT levels. In cases with hsTnT above 5 
pg/mL, the LVGLS was greatly reduced to 19.0 ± 2.2% (p < 0.001). Multivariate linear regression analysis showed 
that elevated hsTnT level was an independent predictor of reduced LVGLS (standardized β = -0.34; p < 0.001). 
In recovered COVID-19 patients, even a slight increase in hsTnT above detection sensitivity was associated with 
decreased LVGLS. hsTnT and echocardiography may be useful tools to detect myocardial injury in recovered 
COVID-19 patients.
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Patients and Methods

Study design and population

Patients who participated in COVIPLA, a study on 
convalescent plasma therapy in Japan between April 
and September 2020, were enrolled in this study.
 Patients ranged in age from 20 to 70 years, and 
all participants had negative results on swab tests and 
underwent blood tests and echocardiography at least 
3 weeks after onset of infection. All examinations in 
the COVID-19 recovery period were performed in the 
National Center for Global Health and Medicine. In 
addition, patients weighing more than 45 kg among 
males and more than 40 kg among females were 
enrolled.
 This study conforms to the guidelines laid down 
by the Declaration of Helsinki, and the protocol 
was approved by the hospital ethics committee 
(NCGM-G-003559-01). An opportunity for eligible 
patients to refuse to participate in this study was 
provided by opting out format.

Measurement of hsTnT

Measurement of hsTnT was performed using a 
commercially standardized sample kit  (Roche 
Diagnostics, Tokyo, Japan) on the serum samples stored 
at -80°C obtained from the COVIPLA registry.

Echocardiographic data analysis

Echocardiography was performed on the same 
day as that of blood sampling. Comprehensive 
echocardiographic examination was performed using 
commercially available ultrasound machines (Artida; 
Toshiba Medical Systems, Tokyo, Japan) by trained and 
registered echocardiographers who were blinded to the 
clinical information of the patients.
 Ejection fraction (EF) and left ventricular (LV) end-
diastolic and end-systolic volumes were calculated 
using the disk summation method. Right ventricular 
(RV) end-diastolic area and RV fractional area change 
(RVFAC) were measured from the apical 4-chamber 
view to approximate RV size and systolic function, 
respectively. Tricuspid annular plane systolic excursion 
(TAPSE) was measured from the apical four-chamber 
view with the M-mode cursor through the lateral 
tricuspid annulus. Cardiac function analysis was 
performed by a cardiology specialist and a clinical 
technician specializing in echocardiography. In 
speckle tracking analysis, LV global longitudinal strain 
(LVGLS), circumferential strains, and RV longitudinal 
strain (RVLS) were measured using Image Arena 
(TOMTEC Imaging Systems, Germany). LVGLS 
was calculated from the averages of the 4-chamber, 
3-chamber, and 2-chamber views, and RVLS was 

calculated from the 4-chamber view to obtain RV 
4-chamber strain including the ventricular septum 
(RV4CSL) and right ventricular free-wall longitudinal 
strain (RVFWLS) (14).
 In this study, strain values were expressed in 
absolute values, and larger absolute values indicated 
better cardiac ventricular function. Myocardial 
strain analysis was performed by two independent, 
blinded observers. Ventricular dimensions, volume 
procedures, and reference values for abnormalities 
were based on the guidelines of the American Society 
of Echocardiography and the European Society of 
Cardiovascular Imaging (15). As a control group for 
right and left ventricular myocardial strain, age, sex and 
hypertension matched patients (n = 30) with no history 
of cardiovascular disease were referred.

Statistical analysis

Continuous measures  were  shown as  mean ± 
standard deviation, and if the variables were normally 
distributed, t-test and ANOVA were used to compare 
differences between two and three groups, respectively. 
If the variables were not normally distributed, they were 
expressed as median values (25th-75th percentile) and 
compared between two groups using the Mann-Whitney 
U test and between three groups using the Kruskal-
Wallis test. Comparisons among the three groups were 
performed using the Tukey-Kramer post hoc test or the 
Dunn correction for post hoc analyses, according to the 
distribution of the test.
 Categorical variables were presented as numbers 
and percentages and compared using the chi-squared 
test or the Kruskal-Wallis test. Correlations of 
continuous variables were tested with the Pearson's 
correlation coefficient if the data were normally 
distributed. A two-sided p-value < 0.05 was considered 
statistically significant.
 In myocardial strain analysis, intra-observer 
variability by the same observer at two different time 
points for 15 patients was also analyzed. The results 
were analyzed using Pearson correlation analysis and 
the Bland-Altman method.
 Multiple linear regression analysis of the association 
between echocardiographic strain measures and hsTnT 
levels, including age, sex, and risk of cardiovascular 
disease risk as independent variables, was performed. 
Standardized partial regression coefficients (β) were 
used to compare the effect on the dependent variable, 
and 95% confidence intervals were determined.
 All statistical analyses were performed using IBM 
SPSS statistical software, version 24 (IBM, Illinois, 
USA).

Results

Patient characteristics

(96)
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Echocardiographic parameters based on hsTnT levels

The LVEF was more than 50% in all cases. According 
to the guidelines for echocardiographic abnormalities 
(14), LVGLS was reduced (< 20%) in 62 patients 
(29.7%), TAPSE was < 17 mm in 16 patients (7.7%), 
and RVFWLS was < 20% in 8 patients (3.8%). A 
significant difference in the reduction of LVGLS was 
observed between patients with hsTnT levels below the 
detection sensitivity (hsTnT < 3) and those with levels 
≥ 3 (p < 0.001) (Table 1). Table 1 shows the comparison 
of the mean values of different echocardiographic 
parameters between the two groups. There were 
significant differences between the groups in terms of 
LV end-diastolic and -systolic volumes, LV mass index, 
LVGLS, and LV diastolic functions (E/A (E: early 
diastolic trans-mitral flow velocity, A: late diastolic 
trans-mitral flow velocity) and E/e' (e': early diastolic 
mitral annular velocity, DT deceleration time)). Right 
atrial (RA) and ventricular volumes (RA area, RV end-
diastolic area) and RV systolic functions (TAPSE, 
RVLS) were statistically different.
 Figure 1 shows a comparison by one-way ANOVA 
and post hoc analysis of control and hsTnT levels. 
LVEF was not significantly different among the three 
groups at the hsTnT level (64.9 ± 4.6%, 65.8 ± 4.3%, 
and 66 ± 4.9%; p = 0.36). The mean value of LVGLS in 
control group was 22.7 ± 4.1%. There was a significant 

Two hundred and fifteen patients from the COVIPLA 
registry who underwent echocardiography and blood 
tests were enrolled between April and September 2020. 
We finally included 209 patients after excluding cases 
in which hsTnT levels could not be measured due 
to lack of serum samples (n = 5) and in which good-
quality echocardiographic images were not available 
(n = 1). The mean age (± standard deviation) was 44 ± 
12 years (range: 36-55 years). The proportion of males 
was 50.7%. Of the 41 patients (19.6%) with a history of 
oxygen inhalation, 4 (1.9%) had a history of intubation 
and 3 (1.4%) had a history of extracorporeal membrane 
oxygenation.

Elevation of hsTnT

The hsTnT levels were less than the detection 
sensitivity (< 3 pg/mL) in 74 recovered patients (35.4%) 
and were ≥ 3 pg/mL in the remaining 135 recovered 
patients (64.6%). In this study, we compared hsTnT 
levels between two groups: one with levels less than 
detection sensitivity (< 3 pg/mL) and the other with 
levels ≥ 3 pg/mL. The baseline characteristics of 
patients in these two groups are summarized in Table 
1. Comparisons between the groups showed significant 
differences in age, sex, body mass index (BMI), 
hypertension, diabetes mellitus, dyslipidemia, oxygen 
demand on admission, and hemoglobin levels.

www.globalhealthmedicine.com

Table 1. Baseline characteristics according to hsTnT Levels

Variables

Age, y
Males
BMI, kg/m2

HR, beats/min
Comorbidities
   Hypertension
   Diabetes
   Dyslipidemia
   Smoking
   COPD
   CAD
   Arrhythmia
   Oxygen inhalation
   Intubation
   ECMO
Laboratory
   WBC, × 103/μL
   Hemoglobin, g/dL
   Creatinine, mol/L
   eGFR, ml/min/1.73 m2

Echocardiography
   LVEF < 53%
   LVGLS < 20%
   RVFAC < 35%
   TAPSE < 17 mm
   RVFWLS < 20%

Overall, n = 209

  45 ± 12
106 (50.7%)
24.3 ± 3.7
  65 ± 10

  33 (15.8%)
16 (7.7%)

  26 (12.4%)
  47 (22.5%)
  1 (0.5%)
  0 (0.0%)
  4 (1.9%)

  41 (19.6%)
  5 (2.4%)
  0 (0.0%)

  5,649 ± 1,434
13.8 ± 1.4

  0.71 ± 0.15
  88.1 ± 11.1

  0 (0.0%)
  62 (29.7%)
17 (8.1%)
16 (7.7%)
  8 (3.8%)

Results are expressed as mean ± standard deviation or number (%). BMI, body mass index; CAD, coronary artery disease; COPD, chronic 
obstructive pulmonary disease; ECMO, extracorporeal membrane oxygenation; eGFR, estimated glomerular filtration rate; HR, heart rate; hsTnT, 
high-sensitivity troponin T; LVEF, left ventricular ejection fraction; LVGLS, left ventricular global longitudinal strain; RVFAC, right ventricular 
fractional area change; RVFWLS, right ventricular free-wall strain; TAPSE, tricuspid annular plane systolic excursion; WBC, white blood cell count.

hsTnT < 3, n = 74

38 ± 9
13 (17.6%)
22.4 ± 2.0

63 ± 9

3 (4.1%)
0 (0.0%)
2 (2.7%)

15 (20.3%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
4 (5.4%)
1 (1.4%)
0 (0.0%)

  5,663 ± 1,503
13.1 ± 1.1
0.65 ± 0.1
89.2 ± 9.6

0 (0.0%)
3 (4.1%)
3 (4.1%)
3 (4.1%)
0 (0.0%)

hsTnT ≥ 3, n = 135

  49 ± 12
  93 (68.9%)
25.6 ± 4.2
  65 ± 10

  30 (22.2%)
  16 (11.9%)
  24 (17.8%)
  32 (23.7%)
  1 (0.7%)
  0 (0.0%)
  4 (3.0%)

  37 (27.4%)
  4 (3.0%)
  2 (1.5%)

  5,591 ± 1,401
14.1 ± 1.4
0.74 ± 0.2
87.4 ±12.1

  0 (0.0%)
  59 (43.7%)
  14 (10.4%)
13 (9.6%)
  8 (6.0%)

p-value

< 0.001
< 0.001
< 0.001

 0.10

< 0.001
   0.001
   0.001
 0.63
 1.00

-
 0.30

< 0.001
 0.66
 0.54

 0.73
< 0.001

 0.03
 0.27

-
< 0.001

 0.18
 0.27
 0.05
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difference among the three groups at the hsTnT level 
(21.8 ± 1.9%, 20.7 ± 1.8%, and 19.0 ± 2.2%; p < 0.001). 
Furthermore, post hoc analysis in the 3 ≤ hsTnT < 5 
and 5 ≤ hsTnT groups showed a significant difference 
in LVGLS. RV4CSL and RVFWSL were significantly 
different among the three hsTnT groups. Significant 
differences were also detected in RV4CSL (22.4 ± 
3.0% and 20.5 ± 2.8%; p = 0.006) and RVFWLS (26.0 
± 3.5% and 24.1 ± 3.1%; p = 0.001) when the 3 ≤ 
hsTnT < 5 group and 5 < hsTnT group were compared. 
Only groups above the detection sensitivity of hsTnT 
(> 3 pg/mL), and the parameters that divided these 
into two groups by a median of 5 pg/mL of hsTnT 
are shown in Supplementary Table S1(https://www.
globalhealthmedicine.com/site/supplementaldata.
html?ID=19). There were significant differences in 
LVGLS, LV volume, myocardial thickness, RVLS 
(RV4CSL and RVFWLS), and RA area between the two 
groups above hsTnT detection sensitivity. A comparison 
of hsTnT with left and right ventricular function showed 
a stronger correlation of hsTnT with LVGLS (r = -0.56, 
p < 0. 001) than with RVFWSL (r = -0.34, p < 0.001) or 
EF (r = -0.02, p = 0.74) (Figure 2).

Multiple linear regression analysis in LVGLS and RVLS

Multiple regression analysis was performed to examine 
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Figure 1. Comparison of cardiac ventricular functions at 
different hsTnT levels in recovered COVID-19 patients. (A) 
Significant differences were not detected in LVEF of hsTnT 
among the four groups. (B, C, and D) Significant differences 
in LVGLS, RV4CSL, and RVFWLS between the two groups 
above hsTnT detection sensitivity (3 ≤ hsTnT). *p < 0.05 
compared with control. †p < 0.05 compared with hsTnT < 3. ‡p 
< 0.05 compared with 3 ≤ hsTnT < 5. hsTnT, high-sensitivity 
troponin; LVEF, left ventricular ejection fraction; LVGLS, 
left ventricular global longitudinal strain; RV4CSL, right 
ventricular 4-chamber strain including the ventricular septum; 
RVFWLS, right ventricular free-wall longitudinal strain.

Figure 2. Relationship between hsTnT and cardiac function in recovered COVID-19 patients. There was no significant 
correlation between hsTnT and EF (A). LVGLS (B) and RVFWLS (C) were significantly correlated with hsTnT. LVGLS had 
a more significant correlation with hsTnT than RVFWSL. EF, ejection fraction; hsTnT, high-sensitivity troponin; LVGLS, left 
ventricular global longitudinal strain; RVFWLS, right ventricular free-wall longitudinal strain.

Table 2. Multivariate linear regression analysis as a predictor of LVGLS and RVFWLS

Variables

Age
Sex (male)
BMI
Hypertension
Diabetes
Oxygen inhalation
eGFR
hsTnT

β

-0.14
-0.26
-0.06
-0.23
-0.06
 0.04
-0.11
-0.34

β, standardizedβ; BMI, body mass index; CI, confidence intervals; eGFR, estimated glomerular filtration rate; hsTnT, high-sensitivity troponin T; 
LVGLS, left ventricular global longitudinal strain; RVFWLS, right ventricular free-wall strain.

   LVGLS

   95% CI

     -0.05 to -0.001
   -1.78 to -0.62
  -0.12 to 0.04
  -0.89 to 0.61
    -1.5 to 0.49
  -0.46 to 0.88
-0.04 to 0.0

   -0.30 to -0.12

 p-value

 0.04
< 0.001

 0.33
 0.71
 0.31
 0.54
 0.05

< 0.001

β

-0.23
-0.15
-0.19
0.07

-0.09
-0.02
-0.12
-0.14

    RVFWLS

    95% CI

   -0.11 to -0.02
     -2.0 to -0.06
     -0.3 to -0.05

-0.67 to 1.9
    -2.5 to 0.96
    -1.3 to 0.97

    -0.08 to 0.003
  -0.28 to 0.02

 p-value

  0.005
0.04

  0.008
0.34
0.23
0.76
0.04
0.08
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the association of LVGLS and RVFWSL decline with 
the level of hsTnT values, including age, BMI, impaired 
renal function, diabetes, hypertension, and in-hospital 
oxygen demand as independent variables.
 In the multiple regression analysis adjusted for 
LVGLS, age (β = -0.14, 95% confidence interval [CI] = 
-0.05 to -0.001, p = 0.04), male sex (β = -0.26, 95% CI = 
-1.78 to -0.62, p < 0.001), and elevated hsTnT (β = -0.34, 
95% CI = -0.30 to -0.12, p < 0.001) were independent 
risk factors (Table 2).
 In the multiple regression analysis adjusted for 
RVFWSL, age (β = -0.23, 95% CI = -0.11 to -0.02, p = 
0.005), males (β = -0.15, 95% CI = -2.0 to -0.06, p = 0.04), 
and BMI (β = -0.19, 95% CI = -0.30 to -0.05, p = 0.008) 
were associated with RVFWSL. The association between 
hsTnT and RVFWSL was not statistically significant (β = 
-0.14, 95% CI = -0.28 to 0.02, p = 0.08) (Table 2).

Reproducibility

Excellent correlations were shown in the inter- and intra-
observer variability of LVGLS, RVGLS, and RVFWLS 
(r = 0.95 and r = 0.94 for LVGLS, r = 0.94 and r = 0.96 
for RV4CSL, and r = 0.97 and r = 0.90 for RVFWLS). 
Bland-Altman analysis showed that interobserver and 
intra-observer variability was -0.5 ± 1.8% and -0.5 ± 1.9 
for LVGLS, 0.6 ± 2.6% and 0.6 ± 2.5% for RV4CSL, 
-0.3 ± 2.8% and 0.2 ± 1.5% for the RVFWLS.

Discussion

Of the 209 patients who recovered from COVID-19 
infection, 67 (32.1%) had reduced LVGLS. Furthermore, 
LVGLS was associated with elevated hsTnT levels. 
These abnormalities were seen in patients in their late 
thirties, and their frequency increased with age. In our 
study, 65% of COVID-19 recovered patients had elevated 
hsTnT levels above detection sensitivity, whereas in 
a previous study conducted in Germany (7), 71% of 
recovered patients had positive hsTnT above detection 
sensitivity, and the frequency of myocardial dysfunction 
was similar to the frequency of positivity in our study.
 Cardiac MRI studies have shown a correlation 
between hsTnT and positive T1 mapping, which can 
detect myocardial damage (7). Our echocardiographic 
studies also showed a significant correlation between 
LVGLS and hsTnT, suggesting that echocardiography, 
which is even easier to perform than cardiac MRI, can 
also detect small myocardial damage. A multicenter 
study reported that almost half of the patients admitted 
with COVID-19 had some abnormal echocardiographic 
findings, which influenced the changes in treatment 
strategy (16). Other multicenter studies have reported that 
elevated troponin and comprehensive echocardiographic 
abnormalities, including global LV dysfunction, wall 
motion abnormalities, diastolic dysfunction, RV 
dysfunction, and the presence of pericardial effusion, 

affected all-cause mortality (10). Although these past 
studies did not perform myocardial strain analysis, it 
indicated the importance of detecting abnormalities 
on echocardiography. In addition, it has been reported 
that abnormalities in LVGLS, RVLS, and TAPSE 
were independent predictors of in-hospital mortality 
in COVID-19 patients (9,11). Echocardiographic 
myocardial  strain analysis  is  an accurate and 
reproducible imaging technique that is angle-independent 
(17-19). Global longitudinal strain (GLS) measured 
by echocardiography has been recognized as a more 
useful parameter than LVEF for detecting subtle 
abnormal changes and has been successful in predicting 
cardiovascular diseases (14,20).
 In this study, 80% of patients were mildly ill with 
no history of oxygen inhalation, and on multivariate 
linear analysis, a history of oxygen inhalation was not 
associated with lower LVGLS. LVGLS has been reported 
to be affected by age, impaired renal function, diabetes 
mellitus, and hypertension (21,22). In addition, a 
validation study of echocardiographic myocardial strain 
due to aging in healthy subjects reported that LVGLS 
physiologically declined with age after 70 years of age 
(23). Our study did not include patients over 70 years of 
age or patients with a history of cardiovascular disease 
such as coronary artery disease, and strain validation 
in the control group showed an absolute value of more 
than 20% as normal, the same as guidelines and previous 
reports (14,23); therefore, the effects were minimal. 
We have shown that elevated hsTnT is an independent 
marker of myocardial damage even after adjusting 
for these risk factors in multiple regression analysis. 
Furthermore, even a small elevation above detection 
sensitivity is useful.
 In our analysis, RV function was rarely less than 20%, 
as defined by the guidelines (15), during COVID-19 
recovery, although RVGLS was significantly different 
in each group of hsTnT and was slightly less related to 
hsTnT in multiple regression analysis. However, a study 
of COVID-19 hospitalized patients in China found a 
predominant difference in mortality with RVGLS below 
23% of the absolute value (13). In the extreme phase of 
COVID-19 infection, the cytokine storm causes damage 
to the right heart system due to acute respiratory distress 
syndrome (24,25) and pulmonary thromboembolism (26-
29). In our study, the impairment of RVGLS was related 
to BMI even during COVID-19 recovery. It has been 
reported that COVID-19 is more severe in obese patients 
(30). Obesity may have an impact on the prolongation of 
RV dysfunction in COVID-19. More studies are needed 
on RV function during COVID-19 recovery.
 Our study is the first to analyze both myocardial 
strain and high-sensitivity troponin at the same time in 
COVID-19 patients during recovery, and to assess the 
prevalence of myocardial damage as an aftereffect. In 
this study, there were few abnormalities in RV function, 
but LV dysfunction was present in about 30% of the 
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patients, and was also associated with elevated hsTnT 
levels, suggesting that myocardial damage may persist 
even in the recovery phase of COVID-19. In the future, 
during the recovery period, it will be important to screen 
for myocardial damage by echocardiographic reduction 
in LVGLS or an increase in hsTnT levels above detection 
sensitivity, followed by cardiac MRI to detect myocardial 
damage with a more detailed approach.
 Our study has some limitations. This was a single-
center study, data collection was retrospective, and 
there were no echocardiographic or hsTnT data 
before or during COVID-19 infection, and no cardiac 
magnetic resonance or cardiac catheterization data. 
There were no comparisons with a control population 
with cardiovascular risk factors for obesity or diabetes 
other than hypertension. As the analysis was based 
on stored serum samples, serological markers such 
as brain natriuretic peptide were not tested due to 
insufficient sample volume. There were variations 
in the time between recovery and testing, so in some 
cases, abnormalities may not have been detected. Other 
echocardiographic imaging protocols and post-processing 
approaches may yield different results; therefore, if 
multicenter studies are conducted in the future, speckle 
tracking measurements need to be adjusted for machine-
to-machine errors. Finally, there were no outcomes such 
as cardiovascular events or death in this study, and a 
longer-term prospective study should be conducted in the 
future.

Conclusions

In this Japanese cohort study of recovered COVID-19 
patients, even a slight increase in hsTnT was an 
independent marker of decreased LVGLS, and may thus 
be a useful marker of myocardial injury in recovered 
COVID-19 patients. Therefore, even if there are no 
obvious electrocardiogram or chest X-ray abnormalities in 
recovered COVID-19 patients, it is important to measure 
hsTnT, and in cases with detectable levels, measurement 
of LVGLS by echocardiography is recommended and the 
use of cardioprotective drugs might be considered.
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