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Background: The cardiac manifestations of coronavirus disease 2019 (COVID-19)
patients with cardiovascular disease (CVD) remain unclear. We aimed to investigate the
prognostic value of echocardiographic parameters in patients with COVID-19 infection
and underlying CVD.

Methods: One hundred fifty-seven consecutive hospitalized COVID-19 patients were
enrolled. The left ventricular (LV) and right ventricular (RV) structure and function were
assessed using bedside echocardiography.

Results: Eighty-nine of the 157 patients (56.7%) had underlying CVD. Compared with
patients without CVD, those with CVD had a higher mortality (22.5 vs. 4.4%, p = 0.002)
and experienced more clinical events including acute respiratory distress syndrome,
acute heart injury, or deep vein thrombosis. CVD patients presented with poorer LV
diastolic and RV systolic function compared to those without CVD. RV dysfunction
(80.3%) was the most frequent, followed by LV diastolic dysfunction (9.0%) and LV
systolic dysfunction (5.6%) in CVD patients. CVD patients with high-sensitivity troponin
| (hs-TNI) elevation or requiring mechanical ventilation therapy demonstrated worsening
RV function compared with those with normal hs-TNI or non-intubated patients, whereas
LV systolic or diastolic function was similar. Impaired RV function was associated with
elevated hs-TNI level. RV function and elevated hs-TNI level were independent predictors
of higher mortality in COVID-19 patients with CVD.

Conclusions: Patients with COVID-19 infection and underlying CVD displayed impaired
LV diastolic and RV function, whereas LV systolic function was normal in most patients.
Importantly, RV function parameters are predictive of higher mortality.
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FIGURE 3 | Kaplan-Meier plots and contour plots of survival probability in hospitalized COVID-19 patients with CVD. (A,B) Survival significantly declined with
diminished TAPSE and RVFAC. (C,D) Decreased TAPSE and RVFAC were associated with higher mortality, which were pronounced in patients with higher levels of
hs-TNI. RVFAC, right ventricular fractional area change; TAPSE, tricuspid annular plane systolic excursion; hs-TNI, high-sensitivity troponin 1.

FIGURE 4 | Univariate Cox regression analysis of clinical and echocardiographic parameters. Forest plot for association of clinical and echocardiographic parameters
with mortality. Impact of clinical and echocardiographic indicators on mortality in COVID-19 patients with CVD. ACE-I, angiotensin-converting enzyme inhibitors; ARB,
angiotensin Il receptor blockers; Cl, confidence interval; COVID-19, coronavirus disease 2019; CVD, cardiovascular disease; DM, diabetes mellitus; FIO,, fraction of
inspiration oxygen; hs-TNI, hypersensitive troponin I; LVEF, left ventricular ejection fraction; RVFAC, right ventricular fractional area change; TAPSE, tricuspid annular
plane systolic excursion; PaOs,, partial pressure of oxygen.
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FIGURE 5 | Multivariate Cox regression analysis of clinical and echocardiographic parameters. Forest plot for association of clinical and echocardiographic
parameters with mortality. Impact of clinical and echocardiographic indicators on mortality in COVID-19 patients with CVD. Cl, confidence interval; COVID-19,
coronavirus disease 2019; CVD, cardiovascular disease; hs-TNI, hypersensitive troponin I; RVFAC, right ventricular fractional area change; TAPSE, tricuspid annular
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FIGURE 6 | Likelihood ratio test for the incremental prognostic value of
TAPSE. The incremental value of TAPSE over clinical and RVFAC for the
prediction of mortality. RVFAC, right ventricular fractional area change; TAPSE,
tricuspid annular plane systolic excursion; hs-TNI, high-sensitivity troponin |.

Prognostic Value of Echocardiographic

Parameters in COVID-19 Patients With CVD
Considering that patients with COVID-19 infection and
underlying CVD are more likely to have a more severe course
of their illness and a poorer clinical outcome, it is imperative
to identify this high-risk group for consideration of earlier or
more intensive therapy. Thus far, some prognostic indicators
of poor outcome, in particular elevated level of hs-TNI, have
been recognized (3, 27, 28). Our current study not only
verified the role of these previously reported risk prognosticators
but also reported the novel and additive prognostic value of
RV measurements in patients with COVID-19 infection and
underlying CVD.

In our study, patients found to have reduced RV function
by echocardiography were at higher risk of deterioration and
death. Our results demonstrate that RV function serves as
a novel imaging biomarker that predicts higher mortality in
patients with COVID-19 infection and underlying CVD. These
findings were consistent with our previous work showing that
RV dysfunction predicted poorer outcome in unselected patients
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with COVID-19 (with or without CVD) (25). Similarly, in a
recent study of 110 patients with COVID-19, Argulian et al.
demonstrated that RV dilation was an independent predictor of
in-hospital mortality (29). Importantly, our study reveals that
TAPSE appears to be the best predictor of higher mortality
compared with RVFAC and other clinical variables. RVFAC
depends on imaging quality, resulting in relatively poor inter-
and intraobserver reproducibility in subjects with suboptimal
endocardial definition. In contrast, TAPSE is less dependent
upon image quality, is simple to perform, and is reproducible.
TAPSE is widely used on a daily basis in most echocardiographic
laboratories. Considering the reduced time of exposure during
echocardiographic examination in patients with COVID-19, the
present study revealed the key clinical implication of TAPSE, as
it can be easily obtained during bedside echocardiography. Our
results highlights that the additional prognostic value of TAPSE
over the other clinical parameters and RVFAC is important for
risk stratification in COVID-19 patients with CVD.

Limitations

Although our results demonstrated the presence of cardiac
impairment in COVID-19 patients with underlying CVD, the
time course for the development of these cardiac abnormalities
remained unknown, as we did not have serial echocardiography
available for these patients. Another limitation to consider is
that although RV functional parameters were revealed to be
important predictors of risk in this study, we only carried out the
basic, commonly used measures of RV function such as TAPSE
and RVFAC (30), as opposed to more advanced measures such as
RV myocardial strain and RV three-dimensional imaging, which
are now recommended for consideration by the ASE (31) and
EACVI (32).

Finally, the main limitation of our study was that it was a
single-center study, with a relatively limited sample size and a
homogenous population. As a center designated to treat patients
with COVID-19 in our region, our study subjects may not be
representative of populations elsewhere, limiting extrapolation
of our results. Future studies, involving larger sample sizes,
multiple centers, and international collaboration, are needed
to determine the true prognostic value of echocardiographic
parameters in patients with COVID-19 infection and allow for
further refinement of stratification by determinants such as sex,
age, and ethnicity.

CONCLUSIONS

Right ventricular dysfunction is more common than LV
dysfunction among COVID-19 patients with underlying CVD.
Importantly, RV function parameters are associated with higher

mortality, suggesting that RV measurement may serve as a novel
imaging biomarker for the risk stratification of patients with
COVID-19 infection and underlying CVD. The study highlights
the importance of bedside cardiovascular ultrasound in the
assessment and prognostication of hospitalized patients with
COVID-19 infection.
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