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Abstract

Introduction: This study aims to explore the predictive roles of echocardiographic parameters
and biomarkers in determining outcomes among hospitalized COVID-19 patients experiencing
cardiovascular events.

Methods: A retrospective cohort study was conducted involving 49 COVID-19 patients who
encountered cardiovascular events during hospitalization and underwent echocardiography. Our
findings revealed notable associations between echocardiographic parameters and survival time.

Results: A decrease in left ventricular ejection fraction (LVEF) of 10% was linked to a 20%
reduction in survival time (TR: 0.80, 95% CI: 0.67 — 0.96, p = .017). Similarly, an increase in

left ventricular (LV) volume by 10 mL was associated with a 9% decrease in survival time (TR:
0.91, 95% CI: 0.84 — 0.98, p = .011). Moreover, an increase in left atrial (LA) volume by 10

mL corresponded to an 8% decrease in survival time (TR: 0.92, 95% CI: 0.86 — 0.99, p =.026).
Additionally, each 1 cm increase in right ventricular (RV) diameter was linked to a 22% reduction
in survival time (TR: 0.78, 95% CI: 0.61 — 0.99, p = .043). Furthermore, a 10 mL increase in right
atrial (RA) volume was associated with a 12% decrease in survival time (TR: 0.88, 95% CI: 0.78 -
0.98, p =.017). Notably, a tenfold rise in troponin levels was linked to a 33% decrease in survival
time (TR: 0.67, 95% CI: 0.48 — 0.93, p = .014).

Conclusions: Our study emphasizes the significant associations between various
echocardiographic parameters and troponin levels with reduced survival time among COVID-19
patients experiencing cardiovascular events. These findings highlight the potential utility of
echocardiography and troponin assessment in predicting outcomes and guiding management
strategies in this patient population.
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Introduction

The SARS-CoV-2 virus has caused a worldwide pandemic since 2020, accounting for

over 546 million infections and 6.3 million deaths as of June 29, 2022.1:2 Due to the

novelty of the SARS-CoV-2 virus and new variants, our understanding of the epidemiology,
trajectory, risk factors, and treatment of coronavirus disease 2019 (COVID-19) continues to
evolve rapidly. Pre-existing cardiovascular pathology? and/or new onset of cardiac injuries
or events*® have been identified to be significant predictors of poor outcomes in hospitalized
COVID-19 patients.5=9 Recent studies have associated specific results of laboratory
tests10:11 and clinical diagnostic modalities, such as computerized tomography (CT),12:13
electrocardiography (ECG),14-16 and echocardiography,’-17-18 with poor outcomes in
patients hospitalized with COVID-19.

Laboratory biomarkers, such as troponin,1%:20 brain natriuretic peptide (BNP),2! n-terminal
pro-hormone BNP (NT-proBNP),22-24 along with echocardiography,’-17:18 have been used
to evaluate cardiac functions in COVID-19. However, there are limited data available to
guide clinicians on how a combination of specific biomarkers with echocardiography3 may
be used to risk-stratify and prognostically identify COVID-19 patients at risk for adverse
events, longer lengths of stay (LOS), and death.

Due to the transmissibility and fatality rate of the SARS-CoV-2, leading societies only
recommend the use of echocardiography if it is deemed to alter the management trajectory.2
However, the data regarding echocardiographic findings in COVID-19 remains sparse

and inconclusive. In light of this, a retrospective, single-center, observational, exploratory
cohort study was conducted on 87 SARS-CoV-2 polymerase chain reaction (PCR) positive
patients who underwent a transthoracic echocardiography (TTE) during their inpatient
admission between 1 March 2020 and 31 October 2020 in United Kingdom. The study
showed 41.4% mortality in this cohort. A raised pulmonary artery systolic pressure

(PASP) (36.8%) and right ventricle (RV) dysfunction (26.4%) were the most common
echocardiographic features. In particular, the presence of RV dysfunction was significantly
related to adverse outcomes.Z® In addition, in hospitalized patients with COVID-19,
pericardial effusion is prevalent, but rarely attributable to acute pericarditis. It is associated
with myocardial dysfunction and mortality. A limited echocardiographic examination,
including left ventricular ejection fraction (LVEF), tricuspid annular plane systolic excursion
(TAPSE), and assessment for pericardial effusion, can contribute to outcome prediction.2’
Another single-center prospective cohort study was conducted in Colombia, involving

153 patients hospitalized in intensive care for COVID-19 and confirmed via PCR who

got an echo-cardiogram between May and October 2020. The study identified several
echocardiographic variables associated with mortality within 60 days, including TAPSE,
LVEF, PASP, acute cor pulmonale, right ventricle diastolic dysfunction, and right ventricular
dilatation.28 Rodriguez et al. studied 38 patients in Spain and found LVEF < 50%, right
ventricular dysfunction, pericardial effusion or segmental abnormalities of contractility was
not associated with death or read-mission in the follow-up period.2® A study of 94 patients
from Italy identified that the TAPSE/PASP ratio was an independent predictor of mortality.30
Three hospitals in New York (USA) with 510 patients demonstrated adverse right ventricular
remodeling resulted in a greater than 2-fold increase in the risk of mortality.31 A Turkey
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study of 90 hospitalized patients documented that LVEF and right atrial diameter were
independent predictors of right ventricular dilatation.32

However, although several studies have been performed in COVID-19 patients who received
echocardiography, it should be taken into consideration that the majority of these studies had
a small number of events, a situation that limits the power of their results. More studies are
required to obtain more definitive conclusions. Particularly, there is no study to specifically
evaluate echocardiography in the cohort of patients who actually suffered cardiovascular
events. This is a critical area to investigate as these patients carry the worst prognosis.

We hypothesize that echocardiography performed before and after cardiovascular events in
COVID-19 patients who suffered cardiovascular events correlates with myocardial injury
markers and clinical outcomes. The primary purpose of this study is to investigate the role of
echocardiographic parameters and biomarkers (troponin, BNP, NT pro-BNP) in predicting
poor outcomes in hospitalized COVID-19 patients who suffered cardiovascular events.

Materials and methods

Study design, setting, and participants

This is an observational retrospective cohort study carried out within the Center for
Excellence for Research in Infectious Disease (CERID) at University of Louisville,
Louisville, KY, USA. The CERID team maintains an ongoing retrospective database of
patients hospitalized with COVID-19 in Louisville, KY, USA.33:34 The purpose of this
database is to investigate the multifaceted epidemiological hallmarks, clinical characteristics,
and outcomes of patients hospitalized with COVID-19.

Participants in this study consisted of 700 adult patients hospitalized with a diagnosis

of COVID-19 from March 7, 2020, to July 1, 2020. The study included all patients

admitted to one of nine distinct adult acute care hospitals located within the Louisville,

KY, USA metropolitan area, diagnosed with COVID-19 confirmed either by positive reverse
transcriptase-polymerase chain reaction (RT-PCR) testing or by the presence of ground
glass opacities on chest computerized tomography (CT). The study excluded any patients
younger than 18 years and patients with COVID-19 who were not admitted. For this
analysis, a cardiovascular (CV) event during hospital was defined as any of the following
conditions: development of cardiogenic shock, heart failure, acute myocardial infarction,
cardiomyopathy, myocarditis, a new, serious arrhythmia, acute worsening of long-term
arrhythmia, cere-brovascular accident, pulmonary embolism, deep vein thrombosis (DVT),
pulmonary edema, or cardiac arrest occurring after hospital admission confirmed by an
attending physician at each participating hospital. One patient was excluded due to age (less
than 18) and two patients were excluded due to missing data.

Human subject protection was ensured through the approval of the University of Louisville
Institutional Review Board (IRB # 20.0257) as well as the IRBs from hospitals in which
patients were hospitalized. The study was exempt from individual patient informed consent.
Information for data analysis was gathered from the electronic health records (EHRS) of
hospitalized COVID-19-positive patients and entered CERID’s secure Research Electronic
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Data Capture (REDCap) database.3® This database is compliant with the Health Insurance
Portability and Accountability Act (HIPAA) and safeguards all private patient information
through standard security measures approved by the IRBs listed above.

Data collection

Variables

A data abstraction instrument was developed by a team of healthcare professionals,
including physicians, nurses, epidemiologists, biostatisticians, and researchers who were
members of the CERID team. Information collected from the EHR included SARS-CoV-2
test results, demographic and hospitalization data, medical history, current medi-cations,
signs and symptoms, physical examination, laboratory test results, radiographic findings,
therapies utilized in treating patients, clinical course and complications of hospitalization,
and outcomes. Data collection and entry were done by trained researchers in the University
of Louisville School of Medicine to ensure consistency among data variables. Data were
verified by a dedicated quality team at CERID, and discrepancies were resolved by
reviewing the EHR.

After collecting echocardiographic parameters from COVID-19 patients who experienced at
least one cardiovascular event and underwent echocardiography, we hypothesize that certain
echocardiographic parameters correlate with clinical outcomes such as hospital length of
stay and mortality.

Demographic variables—Demographic data, including age, sex, height, body mass
index (BMI), and race or ethnicity of each patient, were gathered in order to fully evaluate
and characterize the population sample.

Predictor variables—Predictor variables included measurements from echocardiography
as well as troponin, BNP, and NT pro-BNP levels as measured in the laboratory.
Echocardiography measurements included left ventricle (LV) ejection fraction (EF); LV
volume, presence of LV dysfunction; right ventricular (RV) EF; RV diameter; left atrial (LA)
volume; right atrial (RA) volume; size of ascending aorta; measurement of peak diastolic
E-wave (in m/s); tricuspid annular plane systolic excursion (TAPSE, mm), estimated RV
systolic pressure (RVSP); estimated RA pressure (RAP); mitral lateral annular tissue
velocity (MV E’ in m/s); MV inflow early diastolic E-wave (m/s) to mitral lateral annular
early diastolic velocity (E’) ratio; mitral, aortic, tricuspid, and pulmonic re-gurgitation and
stenosis classified as moderate or higher; patent foramen ovale (PFO); and percentage of
pericardial effusion if present at mild or higher levels. Laboratory variables included first
troponin level in nanograms per milliliter (ng/mL) and event-triggered peak troponin level
within 24 h of the cardiac event. In this study, we converted BNP and NT-pro BNP to one
standard unit of measure, picograms per milliliter (pg/mL). using the following formulae:
BNP measurement ratio of 0.289 picomoles per liter (pmol/l) is equivalent to 1 pg/mL, and
NT-pro BNP measurement ratio of 0.118 pmol/l is equivalent to 1 pg/mL. Troponin values
and BNP values were log-transformed for analysis.
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Outcome variables—The outcomes variables were mortality during hospitalization,
survival time, hospital length of stay (LOS), need for intensive care, and intensive care
unit! LOS. Hospital LOS was measured by total hours of care divided by 24 h to accurately
measure partial days. Patients’ LOS was right-truncated to a maximum of 30 days (720

h). Patients’ survival time was measured by hours from the start of admission to death.

If a patient did not expire during hospitalization, they were given a censored survival

time equal to their hospital length of stay. Survival time was also right-truncated to a
maximum of 30 days; if a patient expired during a hospitalization period extending beyond
30 days, calculations were conducted using a censored survival time of 30 days. The
decision to truncate LOS data was influenced by several factors. Given that COVID-19
hospitalizations frequently extended over multiple weeks and all patients in the study
experienced a cardiovascular complication, a cutoff of 30 days was deemed appropriate

to attribute hospitalization duration to the disease and its associated complication. Only one
patient had length of stay longer than 30 days. Additionally, any patients who expired were
given a censored length of stay of 30 days (the worst LOS value) to prevent early mortality
from appearing as short length of stay. In addition, we collected data on complications such
as development of septic shock and acute respiratory distress syndrome (ARDS) diagnosed
by attending physicians during hospitalization.

Statistical analysis

Results

Sample Size and Diversity: This is a multiple center study with patients from Norton
Healthcare, University of Louisville Hospital and Jewish Hospital in Louisville, KY, USA. A
post-hoc power analysis for Pearson correlations with the sample size of 49 was performed,
and a Pearson correlation of 0.39 or greater in magnitude with 80% power and a two-sided
5% type 1 error rate could be detected. A Pearson correlation of 0.39 is generally considered
a weak correlation, so the sample size of 49 is adequate to identify reasonable correlations
among BNP, Troponin, and Echo variables.

Baseline continuous variables were reported as medians and inter-quartile ranges (IQRs)
and compared using Mann-Whitney U tests. Baseline categorical data were reported as
frequencies and percentages and compared using Fisher’s Exact test. Pearson correlations
were calculated to assess the relationship between continuous echocardiographic parameters
and troponin/BNP values. Accelerated failure models using log-logistic distributions

were created to compare both survival time and LOS for continuous echocardiographic
parameters and troponin and BNP values. Time ratios (TRs), 95% confidence in-tervals,
scale parameter values, and pseudo /< were reported. Patients with missing laboratory
values or echocardiographic parameters were excluded from analysis of the same values and
parameters. P-values of less than 0.05 were considered statistically significant. All statistical
analyses were performed using R version 3.5 (R Foundation for Statistical Computing).

Study participants

A total of 49 hospitalized COVID-19 patients suffered at least one cardiovascular event
during hospitalization and received echocardiography. Patients were predominantly male (n

J Anesth Transl Med. Author manuscript; available in PMC 2024 July 11.
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= 32, 65%) and of white race (n = 31, 63%); the median age was 66 years (IQR: 60-75).
Hypertension (n = 30, 61%), obesity (n = 25, 51%), and hyperlipi-demia (n = 24, 49%)
were the most common comorbidities. In addition, 7 (14%) had prior history of stroke, 9
(18%) had prior history of heart failure, and 14 (29%) had prior history of coronary artery
disease, 11 (22%) had history of atrial fibrillation, 9 (18%) had prior Ml, and 3 (6%) had
prior DVT. A total of 27 patients (55%) were either current or previous smokers. The most
frequent cardiovascular events were development of new arrhythmias (n = 23, 47%) and
heart failure (n = 11, 22%). A total of 19 patients (39%) experienced multiple cardiac events
during hospitalization.

A total of 20 patients (41%) died in the hospital; of these patients, median survival time was
11.5 days (IQR: 8.7 — 14.0 days). Median hospital LOS for survivors was 8.8 days (IQR:

5.1 - 18.0 days). A total of 34 patients (69%) required admission to the ICU, with median
ICU LOS of 5.7 days (IQR: 1.7 — 13.8 days) for survivors and a median ICU LOS of 11.1
days (IQR: 7.4 — 14.6 days) for non-survivors. A total of 14 patients (29%) experienced
septic shock, and 24 patients (49%) developed ARDS. In the present study, development of a
new arrhythmia was the most common cardiovascular complication, occurring in 47% of the
patients, followed by acute heart failure, which occurred in 22% of the patients.

Correlations of echocardiographic parameters with troponin and BNP

Concerning the timing of echocardiography, 30 participants (61%) had echocardiography
performed before their cardiovascular event, and 19 (39%) had it performed after. Median
time before was 1 day (IQR: 1-4.5 days), and median time to echocardiography after event
was 1 day (IQR 1-2.25 days).

Correlations of echocardiographic parameters with event-triggered peak troponin (or

peak troponin, if event-triggered peak troponin was not available), as well as combined
echocardiographic parameters with BNP, are shown in Table 1. Significant correlations were
found between peak troponin and LVEF, LV volume, RA volume and mitral valve E/E’ ratio.
Significant correlation was found between RV diameter and BNP.

Accelerated failure time models for hospital length of stay

Accelerated failure time models predicting hospital LOS and survival time for
echocardiographic parameters, log troponin, and log BNP are shown in Tables 2 and 3.
An increase in estimated RVSP of 5 mmHg was found to be non-significantly associated
with a decrease in hospital LOS of 21% (TR: 0.79, 95% CI: 0.62 — 1.00, p= 0.051). No
variables were found to be significantly associated with length of stay.

Accelerated failure time models for survival time

LVEF, LV volume, LA volume, RV diameter, and RA volume were all significantly
associated with survival time. A decrease in LVEF of 10% was associated with a decrease in
survival time by 20% (TR: 0.80, 95% CI: 0.67 — 0.96, p=.017). For example, the median
survival time predicted for a patient with an LVEF of 60% was 22.1 days; for a patient

with an LVEF of 50% the median predicted survival time was 17.7 days. An increase in LV
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volume of 10 mL was found to yield a reduction in survival time of 9% (TR: 0.91, 95%

Cl: 0.84 - 0.98, p=.011). Thus, an increase in LV volume from 90 mL to 100 mL would
cause predicted median survival time to decrease from 18.6 days to 16.9 days. An increase
in left atrium volume of 10 mL was associated with a decrease in survival time of 8% (TR:
0.92, 95% CI: 0.86 — 0.99, p=.026). Thus, an increase in LA volume from 45 mL to 55 mL
would cause predicted median survival time to decrease from 18.0 days to 16.6 days. A 1
cm increase in RV diameter was associated with a 22% reduction in survival time (TR: 0.78,
95% CI: 0.61 — 0.99, p=.043), and a 10 mL increase in RA volume was associated with a
12% reduction in survival time (TR: 0.88, 95% CI: 0.78 — 0.98, p=.017). Additionally, a
10-fold increase in troponin was associated with a reduction in survival time of 33% (TR:
0.67, 95% CI: 0.48 — 0.93, p=.014). Predicted survival curves for these parameters are
shown in Fig. 1.

Discussion

The occurrence of cardiovascular events in hospitalized COVID-19 patients carries
significant morbidity and mortality.5-9:36 In the present study, 41% of hospitalized patients
with COVID-19 who suffered a CV event died. More interestingly, we demonstrated

that an increase in LV volume, LA volume, RV diameter, RA volume, troponin levels,

and decrease in LVEF dramatically reduced the survival time of hospitalized COVID-19
patients suffering cardiovascular events. Clinicians should pay special attention to these
echocardiographic parameters so that these critically ill COVID-19 patients could be
appropriately monitored and managed. The novelties of this current study include
demonstration of echocardiographic parameters which affects survival time.

Cardiovascular system involvement in severe COVID-19 infection was recognized even

in the early cases from China3’ and continued to be a significant contributor to

the mortality associated with COVID-19.9:36:38-46 The exact mechanism of cardiac
involvement in COVID-19 remains under investigation. One potential mechanism is direct
myocardial involvement mediated by angiotensin-converting enzyme-2 (ACE-2).4748 Other
suggested mechanisms include the creation of a cytokine storm from an imbalanced
response among subtypes of T helper cells*! and hypoxia-mediated intracellular calcium
accumulation leading to cardiac myocyte apoptosis.#® Direct myocardial injury, myocarditis,
dysrhythmia, acute myocardial infarction, acute heart failure, cardiomyopathy, and venous
thromboembolic events are among the cardiovascular events reported in hospitalized
COVID-19 patients.3 The mortality associated with cardiovascular events in the present
study was 41%. Other studies corroborate these findings and demonstrate that the mortality
rate for hospitalized COVID-19 patients is significantly higher when cardiovascular

events occur.9-36:38-41.50 ghj et al. reported mortality as high as 51% in hospitalized
COVID-19 patients with cardiovascular events.8 They observed that after adjusting for age,
preexisting cardiovascular diseases, and other comorbidities, the multivariable adjusted Cox
proportional hazard regression model showed a significantly higher risk of death in patients
with cardiac injury than in those without cardiac injury.8

Various studies have reported the echocardiographic features of cardiac involvement in
COVID-19.718:48-68 A variety of findings have been described, including varying rates
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of abnormalities. Certain findings were indicative of poor outcomes, whereas others
resolved on follow-up echocardiography. In previous studies, the most commonly reported
findings in COVID-19 patients who received an echocardiography were RV dilatation and
dysfunction.”-18:51.56.57.62 The reported rates ranged from 15% to 40% for RV dilatation,
and from 13.9% to 41% for RV dysfunction.”-18:51.57.59.61.63 On repeat echocardiography
for patients who suffered clinical deterioration, the most common feature was RV function
deterioration.18 These findings corroborate those of the present study, where RV dysfunction
was present in 18% of all patients who had CV events. The mean RV diameter was 3.6 cm
across all echocardiography, providing further evidence of RV dilatation in these patients.
RV dysfunction was present in 11% of ‘before-event’ echocardiography and in 28% of
‘after-event” echocardiography, further implying RV functional deterioration, although this
was not statistically significant. Suggested mechanisms for RV dilatation and dysfunction
include pulmonary hypoxic vasoconstriction, thrombotic insults, and acute respiratory
distress syndrome (ARDS).51:5557 |/ dysfunction, in the form of either wall motion
abnormalities or reduced ejection fraction, has been reported in various studies.’18:53-57.64
The wall motion abnormalities in some patients were found to resemble stress-induced
cardiomyopathy?+5457:58.61,64.66 Chyrchill et al. reported resolution of LV dysfunction in
82% of patients who underwent a follow-up echocardiography after a median 14 days.>3 In
the present study, LV diastolic dysfunction was a common echocardiographic finding, seen
in 56% of the patients. These findings are corroborated by Szekely et al., who reported LV
diastolic dysfunction as the most common LV echocardiographic feature in hospitalized
COVID-19 patients.18 The pathophysiology behind COVID-19-associated myocardial
dysfunction has not been elucidated; however, multiple factors have been implicated,
including cytokine storm, procoagulant state, and direct viral-mediated effect.>157

Cardiac biomarkers such a troponin, BNP, and NT-pro BNP have been used in various
studies to evaluate cardiac function in hospitalized patients with COVID-19 infection.1%-
24 Mahajan et al. proposed an algorithm using troponin and natriuretic peptides for

cardiac risk stratification and prognostication of patients with severe COVID-19.%° The
presence of values above the upper reference limit for troponin in COVID-19 patients
varies widely, ranging from 20% in cohorts of hospitalized patients to more than 50%

in critically ill patients.8:21:23.70 Data about natriuretic peptides are more scarce, though

up to 48% of critical COVID-19 patients present with elevated levels of NT-pro BNP,
reflecting hemodynamic stress.”? In the present study, we aimed to identify correlations of
certain echocardiographic findings and elevated biomarkers with unfavorable outcomes in
hospitalized COVID-19 patients suffering cardiovascular events to aid in predicting these
outcomes. We found that the decrease in LVEF and increase in LV volume and mitral valve
E/E’ ratio (indicator of LV diastolic dysfunction) on a “before-event” echocardiography
were correlated with increased first troponin levels in patients who would proceed to

have cardiovascular events. This would suggest that the presence of both systolic and
diastolic dysfunction of the LV on echocardiography is a reflection of direct myocardial
injury in COVID-19. However, there was no correlation between the first BNP level and
“before-event” echocardiographic parameters. Churchill et al. reported similar data in their
institutional experience.3? They stated that among patients who had cardiac biomarkers
assessed within 3 days prior to the echocardiographic exam, 48% of patients with high-
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sensitivity troponin (hs-troponin) = 50 ng/L demonstrated LV dysfunction compared to 12%
of patients with hstroponin < 50 ng/L.>2

In the present study, cardiovascular event-related peak troponin levels were directly
correlated with an increase in RV diameter in the “after-event” echocardiography. Plasma
BNP levels were positively correlated with RV diameter on combined (both before-

and after-event) echocardiography. Dweck et al. reported higher BNP as an independent
predictor of LV dysfunctionl®; however, we did not find any correlation between LV
function and BNP levels. The significant association observed between plasma BNP and
RV dilatation in patients with COVID-19 is likely to reflect the occurrence of heart
failure and its adverse sequelae in this group. These routine and relatively inexpensive
biomarker tests (troponin and BNP/NT-pro BNP) might assist with the early diagnosis
of cardiac dysfunction in this patient population and prompt the initiation of appropriate
pharmacological and non-pharmacological therapies.

Accelerated failure time models were built for various echocardiographic parameters and
biomarkers as predictors of survival time. Interestingly, a decrease in LVEF and increases
in LV volume, left atrium volume, RV diameter, RA volume, and troponin exhibited

strong correlations with a reduction in survival time in COVID-19 patients who suffered
cardiovascular events. These predictors represented either direct myocardial injuries, strain
on the right heart due to worsening lung functions, nervous system dysfunction, or
inappropriate whole-body immune responses. An increase in atrial or ventricular volume
and/or size or a decrease in ventricular function would represent progression of heart failure.
The use of biomarkers as surrogate markers for cardiac risk stratification in hospitalized
COVID-19 patients could be beneficial to enable early identification of patients at risk

for adverse cardiovascular events and initiation of rapid treatment measures. Our findings
could be used to build a risk prediction model for survival time in COVID-19 patients who
suffer cardiovascular events. Changes in these echocardiographic parameters and troponin
levels should alert physicians to imminent hemodynamic instability and mortality. Prompt
treatment should be initiated along with point of care echocardiography and serial troponin
assessment to follow the progression of disease.

Our study has several strengths. Firstly, to our knowledge, this is the first study to compare
echocardiographic parameters before and after CV events to predict the clinical outcomes
of patients with COVID-19. Secondly, the patient population in our study included the
demographic characteristics, socioeconomic characteristics, and health behaviors of the
general United States population.83 Thirdly, the range of clinical outcomes, including time-
to-event outcomes, were evaluated in our study, thereby enhancing the internal validity of
the results.

There are also several limitations to our study. Firstly, this is a retrospective study

with inherent limitations, and multiple confounding factors could have affected the
results. Secondly, the small sample size of 49 COVID-19 patients with cardiovascular
events who received echocardiography could have limited our power to detect other
significant correlations. Furthermore, given the small numbers, there is a possibility that
the associations reported were due to chance, though they are biologically plausible and
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supported by the existing literature. Thirdly, the patient population was observed from
March 2020 to June 2020 in one US city. Although Louisville, KY, USA correlates well
with average USA demographics, results from this limited cohort might not be generalized
for new SARS-CoV?2 variants.”? Fourthly, multiple reasons contributed to the absence of
follow-up echocardiography after the occurrence of cardiovascular events. Some patients
died and some patients experienced recovery, leading treating physicians to deem follow-
up echocardiography unnecessary. Our study aimed to depict the real-world situation of
COVID-19 and cardiovascular events. Fifthly, nuanced interactions among these variables
and their varied impacts on different cardiovascular event types could offer richer, more
insightful conclusions. Due to the small sample size, these interactions could not be further
analyzed in this cohort. We are planning to analyze a much larger cohort in the future.

Conclusion

In conclusion, increases in LV volume, LA volume, RV diameter, RA volume, troponin
levels and decrease in LVEF, were significantly associated with decreases in the survival
time of COVID-19 patients who suffered cardiovascular events. Future studies should
evaluate echocardiographic features of COVID-19 patients in multicenter and larger cohorts
to guide potential risk prediction tool development.
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