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has caused over 296 million infections and over 5.4 million 
fatalities worldwide, representing by far the largest global 
infectious disease pandemic in over a century [1]. Several 
large cohorts have reported certain baseline demographic 
and clinical features being consistently associated with dis-
ease severity and mortality among patients with COVID-19 
[2–5]. In particular, cardiovascular (CV) risk factors such as 
age, diabetes, obesity, and hypertension have been associ-
ated with adverse outcomes among patients with COVID-
19, including risk of severe disease, need for mechanical 
ventilation, and mortality [3–5]. Moreover, although pri-
marily a respiratory disease, multi-organ involvement is 
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Abstract
Background COVID-19 has caused a global pandemic unprecedented in a century. Though primarily a respiratory illness, 
cardiovascular risk factors predict adverse outcomes. We aimed to investigate the role of baseline echocardiographic abnor-
malities in further refining risk in addition to clinical risk factors.
Methods Adults with COVID-19 positive RT-PCR test across St Luke’s University Health Network between March 1st 
2020-October 31st 2020 were identified. Those with trans-thoracic echocardiography (TTE) within 15–180 days preceding 
COVID-19 positivity were selected, excluding severe valvular disease, acute cardiac event between TTE and COVID-19, 
or asymptomatic patients positive on screening. Demographic, clinical, and echocardiographic variables were manually 
extracted from patients’ EHR and compared between groups stratified by disease severity. Logistic regression was used to 
identify independent predictors of hospitalization.
Results 192 patients met inclusion criteria. 87 (45.3%) required hospitalization, 34 (17.7%) suffered severe disease (need 
for ICU care/mechanical ventilation/in-hospital death). Age, co-morbidities, and several echocardiographic abnormalities 
were more prevalent in those with moderate-severe disease than in mild disease, with notable exceptions of systolic/diastolic 
dysfunction. On multivariate analysis, age (OR 1.039, 95% CI 1.011–1.067), coronary artery disease (OR 4.184, 95% CI 
1.451–12.063), COPD (OR 6.886, 95% CI 1.396–33.959) and left atrial diameter ≥ 4.0 cm (OR 2.379, 95% CI 1.031–5.493) 
predicted need for hospitalization. Model showed excellent discrimination (ROC AUC 0.809, 95% CI 0.746–0.873).
Conclusions Baseline left atrial enlargement is an independent risk factor for risk of hospitalization among patients with 
COVID-19. When available, baseline LA enlargement may identify patients for (1) closer outpatient follow up, and (2) 
counseling vaccine-hesitancy.
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new onset congestive heart failure, or stroke) between the 
dates of TTE and COVID-19 positivity, (3) testing positive 
on a screening test for COVID-19 (for example for employ-
ment or placement in nursing home), but without any 
symptoms of COVID-19. All variables were extracted to a 
pre-designed spreadsheet. Major outcomes of interest were 
need for hospitalization, and among those hospitalized, the 
need for ICU care, mechanical ventilation, and in-hospital 
mortality. The study protocol was approved by the SLUHN 
Institutional Review Board (IRB).

Outcome definition and data synthesis

Patients were stratified into mild, moderate and severe 
COVID-19. Those not requiring hospital admission were 
categorized as having mild disease, surviving hospitaliza-
tion without a need for ICU admission or mechanical venti-
lation as having moderate disease, and those requiring ICU 
admission/mechanical ventilation or died during the hospi-
tal stay as severe. In order to simplify statistical analysis, 
and for greater clinical applicability, important echocardio-
graphic variables were transformed into binary variables 
based on established cut-offs of normality per the Ameri-
can Society of Echocardiography (ASE) guidelines. Left 
ventricular hypertrophy (LVH) was defined as indexed left 
ventricular mass (LVMi) ≥ 95 g/m2 in females and 115 g/m2 
for males, relative wall thickness (RWT) as increased when 
> 0.42, left atrial (LA) enlargement as LA diameter ≥ 4 cm. 
Severity of pulmonary hypertension was reported as per 
TTE interpretation, since mean or systolic pulmonary artery 
pressures were seldom quantified in patients with no evi-
dence of elevated pressures or obviously in those without 
meaningful tricuspid regurgitation, and ultimately classi-
fied as moderate or higher pulmonary artery hypertension 
(PAH). Finally left ventricular systolic dysfunction was 
defined as left ventricular ejection fraction (LVEF) < 0.50, 
for simplicity of analysis.

Statistical analysis

Patients were compared across groups stratified by disease 
severity, i.e. mild, moderate, or severe, as described above. 
Continuous variables were compared across the three 
groups using one-way analysis of variance (ANOVA). Post-
hoc comparisons between groups were performed using 
Tukey’s honestly significant difference test (Tukey’s HSD) 
in case of homogeneity of variance (Levene’s test p > 0.05), 
and the Games-Howell test when not. Categorical variables 
were compared using the χ2-test. Given our findings (noted 
below) on post-hoc testing, need for hospitalization (indi-
cating moderate or severe disease, in other words, non-mild 
disease) was chosen as the primary outcome for regression 

common in COVID-19 and contributes significantly to 
adverse outcomes [6, 7].

However, patients with these risk factors themselves rep-
resent a fairly heterogenous group, both based on number 
of such co-morbidities, their severity (for example uncon-
trolled versus mild or well-controlled diabetes/hyperten-
sion), and duration of co-morbidities. Obviously, structural 
and functional myocardial abnormalities, as assessed using 
trans-thoracic echocardiography (TTE), are a consequence 
of long-standing or advanced phenotypes of the above 
cardiovascular risk factors. Indeed, extant literature span-
ning several decades overwhelmingly shows that presence 
of echocardiographic abnormalities in the general popula-
tion as well as in those with cardiovascular risk factors has 
incremental prognostic value to clinical factors alone in pre-
dicting risk of stroke, sudden cardiac death and cardiovas-
cular morbidity and mortality [8–11]. Along those lines, we 
hypothesized that pre-existent echocardiographic abnormal-
ities may perhaps be able to identify a higher risk stratum of 
patients within a clinically high-risk, albeit heterogenous, 
group of patients. If so, TTE abnormalities could prove 
additive to clinical risk-stratification among COVID-19 
patients. At the very least, the identification of such associa-
tions should add to the overall body of knowledge regard-
ing a novel infection. Ultimately, given the enormous and 
unprecedented burden of COVID-19 on health-care systems 
across the world it is clearly imperative to continue to refine 
triage of patients, for more efficient planning and use of 
resources. Moreover, TTE is currently one of the most com-
monly performed diagnostic test, especially in those above 
60–65 years old, an age group that is particularly vulner-
able to severe COVID-19. Hence, presence of baseline TTE 
features as predictors of outcomes in COVID-19 may aid 
risk-stratification in a large target population.

Methods

Patient population

Electronic health records (EHR) were searched for all adult 
patients testing positive for COVID-19 due to suspicious 
symptoms across the St. Luke’s University Health Net-
work (SLUHN) between March 1st and October 31st, 2020. 
Patients with a baseline echocardiogram within 15–180 
days preceding the COVID-19 infection were selected. 
Each patient’s EHR was manually searched for baseline 
demographic information (age, gender, race), clinical co-
morbidities, and transthoracic echocardiographic (TTE) 
variables. Patients were excluded if, (1) suffering severe 
aortic or mitral valvular stenosis or regurgitation, (2) any 
acute cardiovascular event (acute myocardial infarction, 
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time interval between TTE and COVID test in the entire 
population was 86 days (range 18–178 days). Baseline clini-
cal and TTE characteristics, stratified by disease severity as 
described above, are summarized in Table 1. Patients requir-
ing hospitalization were significantly older and more often 
suffered medical co-morbidities including diabetes, hyper-
tension, and renal cardiac and chronic pulmonary disease. 

analysis. Univariate analysis was performed to identify sig-
nificant predictors for the multivariate model at p < 0.10. 
Multivariate backward stepwise logistic regression was 
performed to identify independent predictors of hospitaliza-
tion. Echocardiographic variables with potential significant 
interactions (such as left ventricular linear dimensions used 
in calculation of LVMi and LVH) were not entered into the 
multivariate regression despite their correlation to outcomes 
on a univariate analysis basis. All statistical analyses were 
performed using SPSS version 26 (IBM Corp, Armonk, 
USA).

Results

A total of 192 patients met inclusion criteria, of which 87 
(45.3%) required hospitalization, and 34 (17.7% of total, 
39.1% of those hospitalized) suffered severe disease (needed 
ICU admission/mechanical ventilation or died). 30 patients 
died (15.6% of total, 32.1% of those hospitalized). Mean 

Table 1 Baseline demographic, clinical and echocardiographic characteristics of patients stratified by COVID-19 severity
Groups ◊
Variable

I II III p
Mild (n = 105) Moderate (n = 53) Severe

(n = 34)
I-vs-
II

I-vs-
III

II-vs- III

Clinical and Demographic Data
Age, years 56.2 ± 18.8 72.6 ± 12.5 75.4 ± 12.3 < 0.001 < 0.001 0.573
BMI 29.3 ± 5.9 30.6 ± 7.8 28.0 ± 5.9 0.527 0.527 0.192
Obesity (BMI ≥ 30 kg/m2) 48 (45.7%) 25 (47.2%) 9 (26.5%) 0.406 0.006 0.072
Male 50 (47.6%) 31 (58.5%) 17 (50%) 0.239 0.845 0.510
Diabetes mellitus 27 (25.7%) 26 (49.1%) 17 (50%) 0.010 0.024 0.935
Hypertension 60 (57.1%) 44 (83%) 28 (82.4%) 0.004 0.024 0.943
Heart failure 23 (21.9%) 26 (49.1%) 21 (61.8%) 0.001 < 0.001 0.249
Coronary artery disease 12 (11.4%) 21 (39.6%) 12 (35.3%) < 0.001 0.004 0.688
Chronic pulmonary disease 5 (4.8%) 11 (20.8%) 9 (26.5%) 0.005 0.001 0.540
Chronic kidney disease (≥ stage 3) 19 (18.1%) 22 (41.5%) 18 (52.9%) 0.005 < 0.001 0.301
Echocardiography
Left ventricular
End-diastolic diameter (cm)
Posterior wall thickness (cm)
Mass index (g/m2)
Hypertrophy
Relative wall thickness
≥ 0.42
Ejection fraction (%)

4.6 ± 0.6
0.98 ± 0.2
81.5 ± 23.2
13 (12.4%)
0.44 ± 0.12
57 (54.3%)
57 ± 9

4.5 ± 0.6
1.1 ± 0.2
90.9 ± 29.6
15 (28.3%)
0.48 ± 0.14
35 (66%)
55 ± 10

4.6 ± 0.7
1.1 ± 0.2
101.4 ± 27.7
9 (26.5%)
0.50 ± 0.13
25 (73.5%)
57 ± 10

0.988
0.035
0.082
0.04
0.090
0.161
0.437

0.791
0.001
< 0.001
0.051
0.036
0.0487
0.956

0.764
0.405
0.158
0.855
0.812
0.463
0.772

Ventricular septal thickness (cm) 1.0 ± 0.2 1.1 ± 0.3 1.2 ± 0.3 0.017 0.016 0.928
Left atrial
Diameter (cm)
≥4 cm

3.6 ± 0.7
24 (22.9%)

3.9 ± 0.8
25 (47.2%)

4.2 ± 0.7
19 (55.9%)

0.068
0.005

< 0.001
0.001

0.132
0.431

Mitral inflow E/A ratio 1.16 ± 0.45 1.11 ± 0.47 1.18 ± 0.54 0.781 0.987 0.791
Pulmonary artery systolic pressure
Peak (mmHg)
Mean (mmHg)
Elevated ≥ moderate

28.2 ± 9.1
19.2 ± 5.5
5 (4.8%)

33.6 ± 12.9
22.5 ± 7.9
7 (13.2%)

40.4 ± 15.6
26.2 ± 10.3
10 (29.4%)

0.022
0.022
0.060

< 0.001
0.002
< 0.001

0.096
0.186
0.065

Tricuspid annular plan systolic excursion (cm) 2.1 ± 0.5 2.1 ± 0.5 2.1 ± 0.4 0.527 0.581 0.991

Fig. 1 Receiver operating characteristics curve for regression model in 
Table 1. AUC: 0.809 (95% CI 0.746–0.873, p < 0.001)
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Discussion

We present, to our knowledge, the first cohort of COVID-
19 patients with baseline, pre-infection echocardiographic 
characteristics and their relation to disease severity. Though 
there have been many investigations reporting TTE findings 
among COVID-19 patients, [12–15] these have largely been 
aimed at investigating the impact of COVID-19 on the heart 
vis-à-vis echocardiographic abnormalities among patients 

However, among hospitalized patients, none of these were 
more prevalent between moderate versus severe disease. 
In other words, once hospitalized, pre-existing clinical and 
TTE variables were not significantly predictive of risk of 
need for ICU care, mechanical ventilation, or death. Indeed, 
the major point of difference, in prevalence of clinical co-
morbidities as well as TTE abnormalities was at the point 
of hospitalization i.e., mild versus non-mild disease. Base-
line characteristics stratified by mortality (survivors vs. 
non-survivors) and by severe versus non-severe disease are 
summarized in Tables S1 and S2, respectively, in the Sup-
plementary appendix Fig. 1.

Several left ventricular (LV) structural parameters, includ-
ing septal and posterior wall thickness, left ventricular mass 
(LVM), presence of LVH, and left atrial enlargement were 
significantly different between mild versus non-mild dis-
ease. Interestingly, left ventricular systolic (left ventricular 
ejection fraction) or diastolic functional parameters (mitral 
valve E/A ratio) did not differ between groups. Finally, peak 
and mean pulmonary artery pressure (PAP) were higher, and 
hence, moderate or worse pulmonary hypertension (PAH) 
was more prevalent among those with moderate-severe dis-
ease versus mild disease. Univariate analysis for predictors 
of need for hospitalization is summarized in Table 2. As 
expected from above findings, LV diastolic inflow pattern 
(E/A ratio) or LVEF failed to predict risk of hospitalization. 
On the other hand, several LV structural parameters were 
predictive of risk of moderate-severe disease, including 
septal thickness (IVSd), posterior wall thickness (LVPWd), 
LV mass index (LVMi), and relative wall thickness (RWT). 
Peak PAP, mean PAP, and presence of at least moderate 
PAH were also associated with moderate-severe disease.

For multivariate analysis, in addition to age and medi-
cal co-morbidities listed in Table 1, we chose TTE param-
eters that were most clinically relevant, especially given the 
high degree of expected collinearity. For the final model, 
we chose RWT > 0.42, presence of LVH (LVMi ≥ 95 g/m2 
in females or ≥ 115 g/m2 in males), LA enlargement (LA 
diameter ≥ 4 cm), and moderate or worse PAH, in addition 
to age and clinical co-morbidities. Table 3 summarizes inde-
pendent predictors of risk of hospitalization on multivariate 
analysis with effect sizes. LA enlargement emerged as the 
only echocardiographic parameter independently predicting 
moderate-severe COVID-19 infection, in addition to age 
and clinical co-morbidities. The overall model had excellent 
discrimination (c-statistic = 0.809; 95% confidence interval 
0.746–0.873, p < 0.001).

Table 2 Univariate clinical and echocardiographic predictors of hospi-
talization in patients with novel coronavirus infection
Variable Univariate analysis, 

Odds ratio (95% CI)
p

Age, years 1.060 (1.038–1.083) < 0.001
BMI 1.012 (0.968–1.057) 0.601
Obesity (BMI ≥ 30 Kg/m2) 0.740 (0.414–1.323) 0.310
Hypertension 3.187 (1.620–6.271) 0.001
Diabetes mellitus 2.963 (1.613–5.444) < 0.001
Coronary artery disease 5.335 (2.536–11.222) < 0.001
Heart failure 3.602 (1.945–6.670) < 0.001
Chronic kidney disease (≥ stage 3) 3.181 (1.682–6.016) < 0.001
Chronic pulmonary disease 5.096 (1.933–13.436) 0.001
Left ventricular
End-diastolic diameter (cm)
Posterior wall thickness (cm)
Mass (g)
Mass index (g/m2)
Hypertrophy
Relative wall thickness
≥ 0.42
Ejection fraction (%)
<50%

1.097 (0.694–1.734)
7.834 (1.921–31.939)
1.008 (1.003–1.014)
1.016 (1.004–1.027)
1.969 (0.953–4.067)
1.969 (0.953–4.067)
1.790 (0.985–3.256)
0.168 (0.008–3.552)
1.512 (0.610–3.752)

0.692
0.004
0.003
0.006
0.067
0.036
0.056
0.252
0.372

Ventricular septal thickness (cm) 5.254 (1.538–17.950) 0.008
Left atrial
Diameter (cm)
≥4 cm

3.126 (1.681–5.812)
3.126 (1.681–5.812)

0.001
< 0.001

Mitral inflow E/A ratio 0.900 (0.488–1.661) 0.735
Pulmonary artery systolic pressure
Peak (mmHg)
Mean (mmHg)
Elevated ≥ moderate

1.051 (1.023–1.079)
1.077 (1.032–1.124)
3.214 (1.245–8.296)

< 0.001
0.001
0.016

Tricuspid annular plan systolic 
excursion (cm)

0.800 (0.429–1.493) 0.484

Table 3 Independent predictors of risk of hospitalization among 
patients with novel coronavirus infection
Variable B SE B Wald 

χ2
Odds ratio 
(95% CI)

p

Age, years 0.038 0.014 7.581 1.039 
(1.011–1.067)

0.006

Coronary artery 
disease

1.431 0.540 7.020 4.184 
(1.451–12.063)

0.008

Chronic pulmonary 
disease

1.930 0.814 5.617 6.886 
(1.396–33.959)

0.018

Left atrial 
diameter ≥ 4 cm

0.867 0.427 4.123 2.379 
(1.031–5.493)

0.042
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expected that the predictive ability of the latter declines. 
It remains well-established, on the other hand, that when 
all COVID-19 patients (hospitalized and non-hospitalized) 
are considered, medical co-morbidities do indeed predict 
severe disease, including mortality. Regardless, among the 
hospitalized patients in our cohort, we did not find a sig-
nificant difference in prevalence of clinical co-morbidities 
or TTE abnormalities among patients who survived versus 
those who needed ICU care/mechanical ventilation or died, 
likely due to a small sample and aforementioned population 
characteristics.

On the other hand, when considering the entire cohort, 
taking mortality as an outcome as noted in table S1, gener-
ally similar trends were noted as for risk of hospitalization. 
Hence patients who died were significantly older, had higher 
prevalence of co-morbidities, and generally had similar dif-
ferences in TTE abnormalities. Most notably, LA enlarge-
ment and presence of pulmonary hypertension were much 
more prevalent among non-survivors. Interestingly, BMI 
and prevalence of obesity remained lower among those who 
died or suffered severe disease. This may again be due to our 
sample population. The mean age of our entire cohort was 
64 ± 18 years, among those hospitalized was 73 ± 18 years, 
and among those who died 80 ± 10 years. It has been shown 
that the association between obesity and COVID-19 sever-
ity declines with age and is generally lost at > 80 years age, 
likely due to BMI being a generally poor indicator of fat 
excess in the elderly [20]. Moreover, a lower BMI in the 
elderly may be a worse prognostic feature by being a marker 
of frailty, sarcopenia, etc.

In addition to the findings of the present data, there has 
been an abundance of literature evaluating the role of echo-
cardiography in refining risk of cardiovascular events and 
mortality [21]. Among various echocardiographic param-
eters, LA enlargement, a marker of long-standing or severe 
LV volume and/or pressure overload, and a risk factor for 
atrial fibrillation, thrombus formation and cardioembolic 
disease, has been associated with adverse cardiovascular 
outcomes [22–25]. LA enlargement has been found to be an 
independent predictor of fatal and non-fatal cardiovascular 
events regardless of the presence of LVH [26]. Finally, LA 
diameter has been shown to independently predict all-cause 
mortality in both men and women [27]. Thus, it is not sur-
prising that we found LA enlargement to be an echocardio-
graphic parameter predicting risk of non-mild COVID-19, 
even when adjusted for LVH, and indeed when adjusted for 
clinical risk factors. To reiterate, we did not find a statis-
tically significant difference in prevalence of LA enlarge-
ment among hospitalized patients suffering severe disease, 
though the prevalence was numerically higher in the lat-
ter (Tables 1 and 55.9% vs. 47.2%). This was likely due 
to the relatively small sample size, and certainly worth 

hospitalized with COVID-19. Although important by way 
of adding to our knowledge of the full gamut of organ 
involvement by this relatively novel virus, and hence aiding 
description of the full signature of COVID-19, our study 
was aimed at investigating a more “upstream” role of TTE 
in COVID-19 patients. In other words, instead of inves-
tigating the impact of COVID-19 on echocardiographic 
parameters, we aimed to investigate the converse, i.e., the 
impact of echocardiographic parameters/abnormalities on 
COVID-19 patients. The most important findings from 
our cohort include, (1) both clinical and TTE abnormali-
ties were substantially more common in hospitalized ver-
sus non-hospitalized patients, i.e. in those with more than 
mild disease, (2) in general, LV structural abnormalities and 
pulmonary hypertension predicted risk of non-mild disease, 
while LV functional (systolic or diastolic) parameters did 
not, and most importantly, (3) after adjusting for medical 
co-morbidities and other echocardiographic abnormalities, 
LA enlargement was independently associated with worse 
than mild disease.

Moreover, we found that in general, clinical co-morbid-
ities as well as most TTE parameters were not significantly 
different between patients with moderate versus severe 
disease. In other words, it could be said that beyond a cer-
tain threshold of disease severity, clinical co-morbidities or 
TTE abnormalities did not seem to discriminate those with 
uneventful hospital course from those requiring ICU stay, 
mechanical ventilatory support or death from COVID-19. 
Admittedly, this remains speculative, since our cohort likely 
represents a somewhat higher risk cohort than the general 
population, due to the fact that patients who undergo TTE 
are generally older and more likely to have CV risk factors. 
Indeed, the prevalence of these risk factors was somewhat 
higher than reported in previous reports including all-com-
ers with COVID-19 [3, 16, 17]. Hence, the uniformly high 
and somewhat similar prevalence of these co-morbidities 
among hospitalized patients across groups stratified by 
severe vs. non-severe disease possibly masked differences 
that may be evident in a larger sample. It is worth noting 
here that previous reports have generally reported a higher 
attributable risk to multi-organ injury, degree of hypoxemia, 
presence of respiratory distress syndrome, and/or inflamma-
tory markers compared to medical co-morbidities among 
hospitalized patients, somewhat in support of our findings 
[3, 17–19]. Admittedly, this may well be due to the fact that 
majority of these reports pertain to hospitalized patients in 
whom such markers are available on admission or during 
the course of the hospital stay. Hence, these markers tend 
to be measured in those who have already crossed a certain 
“threshold” of disease severity, by the mere fact that they 
are hospitalized. Hence, when these markers are added to 
clinical co-morbidities in predictive models, it is somewhat 
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Conclusions

To conclude, pending confirmation in larger cohorts, echo-
cardiographic LA enlargement is an independent predictor 
of risk of hospitalization among patients with COVID-19. 
Major clinical implications of our findings include, (1) 
using this information when counseling patients who may 
be resistant to vaccination against COVID-19, and (2) closer 
outpatient follow up in patients infected with COVID-19 
and having LA enlargement.

Supplementary Information The online version contains 
supplementary material available at https://doi.org/10.1007/s10554-
022-02565-4.
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