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Abstract
As clinicians have gained experience in treating patients with the novel SARS-CoV-2 (COVID-19) virus, mortality rates for 
patients with acute COVID-19 infection have decreased. The Centers for Disease Control (CDC) has identified the African 
American population as having increased risk of COVID-19 associated mortality, however little is known about echocar-
diographic markers associated with increased mortality in this patient population. We aimed to compare the clinical and 
echocardiographic features of a predominantly African American patient cohort hospitalized with acute COVID-19 infec-
tion during the first (March–June 2020) and second (September–December 2020) waves of the COVID-19 pandemic, and 
to investigate which parameters are most strongly associated with composite all-cause mortality. We performed consecutive 
transthoracic echocardiograms (TTEs) on 105 patients admitted with acute COVID-19 infection during the first wave and 
129 patients admitted during the second wave. TTE parameters including left ventricular ejection fraction (LVEF), left 
ventricular global longitudinal strain (LVGLS), right ventricular global longitudinal strain (RVGLS), right ventricular free-
wall strain (RVFWS), and right ventricular basal diameter (RVBD) were compared between the two groups. Clinical and 
demographic characteristics including underlying co-morbidities, biomarkers, in-hospital treatment regimens, and outcomes 
were collected and analyzed. Univariable and multivariable analyses were performed to determine variables associated 
with all-cause mortality. There were no significant differences between the two waves in terms of age, gender, BMI, or 
race. Overall all-cause mortality was 35.2% for the first wave compared to 14.7% for the second wave (p < 0.001). Previous 
medical conditions were similar between the two waves with the exception of underlying lung disease (41.9% vs. 29.5%, 
p = 0.047). Echocardiographic parameters were significantly more abnormal in the first wave compared to the second: LVGLS 
(− 17.1 ± 5.0 vs. − 18.9 ± 4.8, p = 0.02), RVGLS (− 15.7 ± 5.9% vs. − 19.0 ± 5.9%, p < 0.001), RVFWS (− 19.5 ± 6.8% vs. − 
23.2 ± 6.9%, p = 0.001), and RVBD (4.5 ± 0.8 vs. 3.9 ± 0.7 cm, p < 0.001). Stepwise multivariable logistic analysis showed 
mechanical ventilation, RVFWS, and RVGLS to be independently associated with mortality. In a predominantly African 
American patient population on the south side of Chicago, the clinical and echocardiographic features of patients hospital-
ized with acute COVID-19 infection demonstrated marked improvement from the first to the second wave of the pandemic, 
with a significant decrease in all-cause mortality. Possible explanations include implementation of evidence-based therapies, 
changes in echocardiographic practices, and behavioral changes in our patient population. Mechanical ventilation and right-
sided strain-based markers were independently associated with mortality.
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Introduction

While the Coronavirus disease-2019 (COVD-19) pandemic 
has had a tremendous global impact, Cook County, Illinois, 
which includes the city of Chicago and many of its sur-
rounding suburbs, has represented an unfortunately nota-
ble hotspot, with over 249,000 confirmed cases and over 
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4400 deaths as of May 2021 [1]. In particular the African 
American and Hispanic communities of Chicago have been 
disproportionately affected [2–6], with historically ethnically 
segregated neighborhoods on the Northeast, West, and South 
sides of Chicago demonstrating the highest rates of mortality 
from COVID-19 [3]. As a major urban, tertiary care Level 
I trauma center on the South Side of Chicago, our hospital 
serves a predominantly African American population and 
has been a microcosm of the COVID-19 pandemic’s ravag-
ing effect on the city’s population.

Over the past year, we have learned that while the respira-
tory system is the most directly affected by the SARS-CoV-2 
virus, both underlying and COVID-related cardiovascular 
conditions play a significant role in disease severity and 
patient outcomes [7–9]. Transthoracic echocardiography 
(TTE) has emerged as the first-line imaging modality for 
identification of cardiac involvement in patients with acute 
COVID-19 infection, due to its portability and bedside fea-
sibility [10]. Given that myocardial injury has been linked 
with poor outcomes [11, 12], TTE has proven to be a critical 
tool in the triage of patients admitted with acute COVID-19 
disease.

Since the start of the pandemic, we have seen rapid 
improvement in early diagnosis, therapeutics, and manage-
ment strategies, resulting in improved mortality rates across 
health systems, even when adjusted for demographic and 
clinical factors [13]. In this study, we sought to report on the 
clinical and echocardiographic features of a predominantly 
African American population of patients with acute COVID-
19 infection during two consecutive waves of the pandemic, 
as well as the clinical and echocardiographic factors most 
associated with composite all-cause mortality.

Methods

This was a retrospective, observational study of adult 
patients (≥ 18 years old) with acute COVID-19 infection 
(defined as a positive antigen or PCR test) who were admit-
ted to the University of Chicago Medical Center during the 
first (March–June 2020) and second (September–December 
2020) waves of the COVID-19 pandemic and who under-
went a TTE during the hospitalization. Acceptable TTEs 
included both comprehensive and limited two-dimensional 
(2D) studies.

Clinical information including demographic data, past 
medical history, vital signs, biomarkers, treatments, and out-
comes were retrospectively collected for both waves from 
the electronic medical record. Heart failure was defined 
as clinical symptoms of volume overload thought to be 
of cardiac etiology (both preserved and reduced ejection 
fraction) and documented as such in the medical record. 
Admission criteria for COVID-19 patients at our hospital 

included abnormal vital signs (fever, tachypnea, tachycar-
dia, hypoxia or worsening oxygen requirement) as well as 
patients at high risk for complications due to advanced age 
or underlying co-morbidities (i.e. severe cardiovascular dis-
ease, COPD, malignancy, pregnancy, immunocompromised 
state, etc.). Laboratory biomarkers were collected whenever 
deemed clinically appropriate and all biomarkers collected 
within 72 h of echocardiographic acquisition were included 
in the analysis. These biomarkers included high-sensitivity 
troponin, lactic dehydrogenase (LDH), N-terminal pro hor-
mone brain natriuretic peptide (NT-proBNP), D-Dimer, and 
C-Reactive Protein (CRP).

The study was approved by the IRB at the University of 
Chicago with a waiver of consent.

Image Analysis

Left ventricular (LV) echocardiographic analysis was per-
formed by an expert group of board-certified echocardiogra-
phers in the Echocardiographic Core Lab. All LVEFs were 
obtained by performing endocardial tracings and using the 
biplane method of disks (modified Simpson’s technique) 
[14]. When image quality was insufficient for biplane cal-
culation of EF, the 4-chamber view alone was used. LVGLS 
was calculated using a semi-automated LV-specific package 
(TOMTEC Image Arena, Unterschleissheim, Germany) and 
manually corrected as needed, and calculated as the aver-
age of all available segments from the 4CH, 3CH, and 2CH 
views.

Right ventricular (RV) analysis included RV global lon-
gitudinal strain (RVGLS), RV free wall strain (RVFWS) 
and RV basal diameter (RVBD). RVGLS and RVFWS 
were calculated using a semi-automated RV-specific pack-
age of TOMTEC Image Arena and manually corrected as 
needed. Only cases with acceptable quality of RV views 
were included. Acceptable imaging quality was defined as 
presence of an RV-focused view with adequate visualization 
of the RV free wall.

Statistical Analysis

For baseline characteristics, continuous variables were 
expressed as means ± standard deviations or medians with 
interquartile ranges and compared with either Student t-tests 
or Mann–Whitney U (Wilcoxon) tests depending upon nor-
mality as determined by Shapiro–Wilk tests. Categorical 
variables were expressed as relative counts and percentages 
and compared with Chi-square tests of association or Fisher 
exact tests.

A multivariable regression analysis was conducted to 
determine which baseline clinical and echocardiographic 
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characteristics were associated with all-cause mortality. 
Relevant clinical parameters with a p < 0.05 in the univari-
able logistic regression were checked for multicollinearity 
using Spearman rank correlations before being inputted into 
a regularized lasso logistic regression to determine varia-
bles selection for the multivariable logistic regression. ICU, 
shock, and hypoxemia were not included in the models due 
to high correlation (rho > 0.60) with mechanical ventilation. 
Likewise, due to high correlation (rho > 0.60) amongst LV 
GLS, RV GLS, and RV FWS, separate models were run for 
each of these three parameters.

Receiver operator characteristic (ROC) curves were used 
to determine optimal cut-off points, as well as to determine 
the c-statistic or area under the curves for the logistic regres-
sion models. Tests were two-tailed and considered statisti-
cally significant with a p-value < 0.05. All statistical analy-
ses were conducted using STATA MP Version 15 (College 
Station, TX).

Results

Clinical Characteristics

No significant differences were noted between waves 1 and 
2 in terms of age, gender, race, blood pressure, or rates of 
underlying rates of heart or kidney disease. Significant dif-
ferences in clinical characteristics included pre-existing 
lung disease (41.9% vs. 29.5%, p = 0.047), high-sensitivity 
troponin (77 (41–167) vs. 30 (18–64) ng/L, p < 0.001), and 
NT-proBNP (3192 (484–12,928) vs. 455 (182–1939) pg/
mL, p = 0.001), as noted in Table 1. Notably, there was a 
significant difference in all-cause mortality between waves 
1 and 2 (35.2% (n = 37) vs. 14.7% (n = 19), p < 0.001) as 
noted in Table 2.

Echocardiographic Characteristics

Median time between admission to TTE was 2 days for 
both wave 1 and wave 2. We found significant differences 
in echocardiographic characteristics between the two 
waves (Table  3), which included LVGLS (− 17.1 ± 5.0 
vs. 18.9 ± 4.8, p = 0.02), RVGLS (− 15.7 ± 5.9% vs. 
− 19.0 ± 5.9%, p < 0.001), RVFWS (− 19.5 ± 6.8% vs. 
− 23.2 ± 6.9%, p = 0.001), and RVBD (4.5 ± 0.8 vs. 
3.9 ± 0.7 cm, p < 0.001).

Treatment Regimens

There were significant differences in treatment regimens 
between the two waves (Table 4), which included the use of 
antibiotics (82.4% vs. 68.0%, p = 0.01), hydroxychloroquine 
(17.5% vs. 1.6%, p < 0.001), steroids (11.7% vs. 62.5%, 

p < 0.001), remdesivir (35.9% vs. 60.2%, p < 0.001), tocili-
zumab (16.5% vs. 1.6%, p < 0.001), and prone positioning 
(p = 0.003).

Univariable Analysis

Results of univariable analysis (Table 5) showed that clini-
cal and echocardiographic variables significantly associated 
with all-cause mortality included age (OR 1.03 (1.01–1.03), 
p = 0.004), systolic blood pressure (OR 0.98 (0.96–0.98), 
p = 0.045), diastolic blood pressure (OR 0.95 (0.92–0.95), 
p = 0.004), lung disease (OR 1.89 (1.02–1.89), p = 0.042), 
hypoxemia (OR 2.16 (1.17–2.16), p = 0.01), mechani-
cal ventilation (OR 7.78 (3.92–7.78), p < 0.001), shock 
requiring hemodynamic support (OR 15.94 (6.58–15.9), 
p < 0.001), admission to ICU (OR 4.99 (2.6–4.9), p < 0.001), 
LVGLS (OR 0.90 (0.84–0.90), p = 0.003), RVGLS (OR 
0.87 (0.81–0.87), p < 0.001), and RVFWS (OR = 0.90 
(0.86–0.90), p = 0.001).

Multivariable Analysis

In the multivariable analysis, the following variables were 
found to be independently associated with all-cause mortal-
ity: mechanical ventilation (OR 6.01 (1.15–31.27), p = 0.03), 
RVFWS (OR 0.86 (0.76–0.97), p = 0.02), and RVGLS (OR 
0.85 (0.75–0.96), p = 0.01) (Table 6).

ROC Curves

Receiver operating characteristic (ROC) curves were used 
to identify the best performing combination of clinical 
and echocardiographic variables for predicting all-cause 
mortality, which was found to be age, lung disease, ICU 
status, and LVGLS and/or RVFWS, with an AUC of 0.82 
(Fig. 1). Of note, LVGLS and RVFWS were found to be 
closely correlated (rho > 0.60), thus they were interchange-
able in this model. Optimal cut-off values for categorical 
variables in this model for prediction of all-cause mortality 
were 71 years for age, − 18.2% for LVGLS, and − 20.1% 
for RVFWS (Fig. 2).

Discussion

In this retrospective study conducted at a large, urban ter-
tiary care medical center in Chicago, Illinois serving a pre-
dominantly African American patient population, we found 
significant differences in clinical and echocardiographic 
characteristics, as well as therapeutic regimens, between 
patients treated during the first and second waves of the 
COVID-19 pandemic. There was notably a significant drop 
in all-cause mortality from the first to the second wave, with 
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mechanical ventilation, RVFWS, and RVGLS found to be 
independently associated with all-cause mortality.

The CDC has identified the African American population 
as having increased risk of COVID-19 associated mortality 

[15]. Of note, county-level data has shown that counties with 
higher African American populations experience greater 
case, mortality, and progression rates of disease compared 
to counties with lower African American populations [16, 
17]. Recent literature has hypothesized several factors that 
may contribute to racial and ethnic differences in COVID-19 
mortality: (1) environmental factors such as increased air 
pollution [18], (2) increased rates of co-morbidities, such 
as obesity and asthma [19], (3) disparities in access to care 
[20], (4) differences in occupational patterns and related 
exposure [21], and (5) structural racism in the healthcare 
system [22]. It is very likely that our patient population 
on the south side of Chicago was affected by many of the 

Table 1   Baseline/clinical characteristics

All patients (n = 234) Wave 1 (March–June 2020) 
(n = 105)

Wave 2 (Sep–Dec 2020) 
(n = 129)

p

Age, years 64 (50–74) 64 (53–75) 64 (49–74) 0.57
Gender (% female) 102 (43.6%) 41 (39.1%) 61 (47.3%) 0.21
Race
Caucasian 34 (14.5%) 13 (12.4%) 21 (16.3%) 0.08
African American 177 (75.6%) 86 (81.9%) 91 (70.5%)
Asian 3 (1.3%) 0 (0%) 3 (2.3%)
Hispanic 5 (2.1%) 0 (0%) 5 (3.9%)
Other 15 (6.4%) 6 (5.7%) 9 (7.0%)
Blood Pressure (mean ± SD)
Systolic, mm Hg 126.53 ± 21.57; n = 137 123.92 ± 19.29; n = 37 127.49 ± 22.37; n = 100 0.39
Diastolic, mmHg 74 (63–85); n = 135 72 (61–81); n = 37 75 (67–87); n = 98 0.15
Body Mass Index 29.20 (24.52–35.69); n = 230 28.28 (24.52–35.41) 29.67 (24.82–35.78); n = 125 0.52
Previous medical conditions (n, 

%)
Heart disease 169 (72.2%) 79 (75.2%) 90 (69.8%) 0.35
Coronary artery disease 43 (18.4%) 16 (15.2%) 27 (20.9%) 0.26
Hypertension 134 (57.3%) 57 (54.3%) 77 (59.7%) 0.41
Diabetes 79 (33.8%) 37 (35.2%) 42 (32.6%) 0.67
Heart failure 47 (20.1%) 25 (23.8%) 22 (17.1%) 0.20
Stroke 23 (9.8%) 9 (8.6%) 14 (10.9%) 0.56
Lung disease 82 (35.0%) 44 (41.9%) 38 (29.5%) 0.047
Kidney disease 54 (23.1%) 23 (21.9%) 31 (24.0%) 0.70
ESRD 23 (9.8%) 14 (13.3%) 9 (7.0%) 0.10
Condition at time of echo (n, %)
Hypoxemia 175 (75.4%) 38 (36.2%) 54 (41.9%) 0.38
Mechanical ventilation 53 (22.7%) 25 (23.8%) 28 (21.7%) 0.70
Shock 32 (13.7%) 16 (15.2%) 16 (12.4%) 0.53
ICU 104 (44.4%) 54 (51.4%) 50 (38.8%) 0.052
Biomarkers (mean ± SD)
High-sensitivity troponin (ng/L) 47 (25–125); n = 167 77 (41–167); n = 69 30 (18–64); n = 98  < 0.001
C-Reactive protein (mg/L) 78.5 (33.5–147.5); n = 192 82 (34–150); n = 103 73 (32–144); n = 89 0.73
NT-proBNP (pg/mL) 1380 (222–5715); n = 151 3192 (484–12,928); n = 71 454.5 (181.5–1938.5); n = 80 0.001
Lactic dehydrogenase (U/L) 426 (326–576); n = 145 436 (352–628); n = 79 411.5 (310–547); n = 66 0.15
D-Dimer (ug/mL) 2.11 (1.17–5.59); n = 182 2.11 (1.17–7.04); n = 101 2.12 (1.20–4.85); n = 81 0.53

Table 2   Outcomes

All patients 
(n = 234)

Wave 1 
(March–
June 2020)
(n = 105)

Wave 2 
(Sep–Dec 
2020) 
(n = 129)

p

All-cause 
mortality

56 (23.9%) 37 (35.2%) 19 (14.7%)  < 0.001
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socioeconomic factors above, resulting in a higher overall 
mortality rate than the population at large.

One explanation for the lower mortality rate and improved 
cardiac phenotype observed during the second wave of the 
pandemic is that these patients were less acutely ill at pres-
entation, a finding reflected by significantly lower rates of 
lung disease and lower high-sensitivity troponin and NT-
proBNP values. These findings suggest that patients admit-
ted during the second wave of the COVID-19 pandemic were 
overall less sick than those admitted during the first wave, 
possibly due to increased awareness of the disease and ear-
lier presentation to the hospital.

An alternative explanation for these observations is 
behavioral change in our patient population between the first 
and second waves of the pandemic. Universal masking and 
social distancing measures were recommended by the CDC 
between the first and second waves, both of which have been 
shown to reduce the rate and severity of COVID-19 infec-
tion [23–25]. In addition, increased public awareness of the 
acute dangers of the COVID-19 virus, particularly amongst 
the African American community, may have resulted in 
more cautious health-related behaviors, including but not 
limited to improved adherence with hand-washing, masking, 

and social distancing, as well as earlier presentation to the 
hospital.

Another hypothesis stems from the evolution in evidence-
based therapeutics since the start of the COVID-19 pan-
demic, as evidenced by the significant differences in treat-
ment regimens seen between the two waves. Most notably, 
data from randomized controlled trials regarding the use of 
systemic steroids [26] and remdesivir [27] showing mortal-
ity benefit and shorter time to recovery, respectively, were 
incorporated into clinical practice, as reflected by the sig-
nificantly higher rates of use in the second wave. It is thus 
conceivable that the more prevalent use of evidence-based 
therapeutic regimens during the second wave of the pan-
demic was partially responsible for the significant improve-
ment in patient outcomes.

Because the lungs are the main target organ of SARS-
CoV-2 and given the high prevalence of acute respiratory 
distress syndrome (ARDS) in critically ill patients with 
COVID-19, the right ventricle (RV) is thought to be par-
ticularly susceptible to dysfunction following COVID-19 
infection [28]. Szekely et al. showed that in 100 patients 
diagnosed with COVID-19 infection who had undergone 
TTE, RV dilatation and dysfunction were the most common 

Table 3   Echocardiographic characteristics

Numbers expressed as median and interquartile range

All patients (n = 235) Wave 1 (March–June 2020) 
(n = 105)

Wave 2 (Sep–Dec 2020) (n = 129) p

LVEF (%) 57.8 (46.2–66.7); n = 231 58.1 (43.9–70); n = 103 57.5 (47.5–64.85); n = 128 0.54
LV global longitudinal strain 

(GLS) (%)
17.7 (14.5–20.5); n = 189 17.1 (13.7–19.1); n = 87 18.9 (15.0–20.7); n = 102 0.02

RV global longitudinal strain 
(GLS) (%)

17.52 (13.6–22); n = 173 15.66 (12.2–19.6); n = 78 19.04 (15.0–23.5); n = 95  < 0.001

RV free wall strain (FWS) (%) 21.52 (17.2–26.1); n = 173 19.53 (15.0–23.5); n = 78 23.15 (18.7–27.5); n = 95 0.001
RV basal diameter (cm) 4.12 (3.63–4.70); n = 187 4.5 (3.9–4.9); n = 89 3.94 (3.48–4.36); n = 98  < 0.001
Pericardial effusion (%) 37 (15.9%); n = 233 17 (16.2%) 20 (15.6%) 0.91

Table 4   Treatment regimens All patients (n = 234) Wave 1 (March–June 
2020) (n = 105)

Wave 2 (Sep–Dec 
2020) (n = 129)

p

Statin use 27 (11.7%) 9 (8.7%) 18 (14.2%) 0.20
Antibiotics 171 (74.4%) 84 (82.4%) 87 (68.0%) 0.01
Hydroxychloroquine Use 20 (8.7%) 18 (17.5%) 2 (1.6%)  < 0.001
Steroid Use 92 (39.8%) 12 (11.7%) 80 (62.5%)  < 0.001
Remdesivir 114 (49.4%) 37 (35.9%) 77 (60.2%)  < 0.001
Tocilizumab 19 (8.2%) 17 (16.5%) 2 (1.6%)  < 0.001
Prone positioning 55 (23.8%) 15 (14.6%) 40 (31.3%) 0.003
Oxygenation
High-flow O2 (2)
Mechanical Ventilation

37 (16.0%)
53 (22.7%)

20 (19.4%)
25 (23.8%)

17 (13.3%)
28 (21.7%)

0.08
0.70

Anti-coagulation therapeu-
tic prophylactic

95 (41.3%)
105 (45.5%)

39 (37.9%)
49 (47.6%)

56 (44.1%)
56 (43.8%)

0.34
0.56
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echocardiographic findings, and that worsening RV function 
was the most common finding in patients with clinical dete-
rioration [29]. Park et al. noted that multiple mechanisms 
can contribute to RV dysfunction in the setting of COVID-
19 infection, including but not limited to direct myocar-
dial damage by the SARS-CoV-2 virus, microvascular and 
macrovascular dysfunction associated with endothelitis, 
and inflammatory-related damage [30]. Li et al. found that 
RVGLS was the most predictive marker of mortality in 
patients with COVID-19 infection compared to other con-
ventional RV parameters [28]. In light of the above, our find-
ing that RVFWS and RVGLS were independently associated 
with all-cause mortality makes sense from a mechanistic 
standpoint and confirms the findings from the investigators 
above.

Moreover, we found that while LVEF was not sig-
nificantly different between the first and second waves of 

patients admitted with acute COVID-19 infection, there were 
significant improvements in LVGLS, RVFWS, RVGLS, and 
RV basal diameters. One reason for this observation is that 
despite the first wave of patients having an overall higher 
level of acuity, there was a larger number of patients with 
hyperdynamic (defined as LVEF > 70%) LV function (25.7% 
vs. 10%). This can be explained by the hyperdynamic LV 
function that can occur secondary to septic physiology in 
patients with COVID-19, thus arguing against a direct rela-
tionship between LVEF and outcomes. Multiple previous 
studies have shown that LV longitudinal strain is a more 
sensitive marker in the detection of subtle derangements 
in LV function compared to LVEF and has incremental 
predictive value beyond LVEF [31–36], thus it is possible 
that the improvements observed in LVGLS in our patient 
population were more indicative of changes in underlying 
LV function than LVEF. In addition, Szekely et al. noted 

Table 5   Univariable logistic 
analysis

Characteristic All-cause mortality

N OR 95% CI P

Age 234 1.03 (1.03–1.01) 0.004
Gender 234 0.86 (0.86–0.47) 0.62
Race 234 0.89 (0.89–0.63) 0.49
BMI 230 0.99 (0.99–0.96) 0.56
Systolic blood pressure 137 0.98 (0.98–0.96) 0.045
Diastolic blood pressure 135 0.95 (0.95–0.92) 0.004
Heart disease 234 1.78 (1.78–0.86) 0.12
Coronary artery disease 234 1.71 (1.71–0.83) 0.15
Hypertension 234 0.90 (0.90–0.49) 0.74
Diabetes 234 1.52 (1.52–0.82) 0.19
Heart failure 234 1.67 (1.67–0.83) 0.15
Stroke 234 1.45 (1.45–0.56) 0.44
Lung disease 234 1.89 (1.89–1.02) 0.042
Kidney disease 234 0.88 (0.88–0.43) 0.74
ESRD 234 0.87 (0.87–0.31) 0.80
Hypoxemia 234 2.16 (2.16–1.17) 0.01
Mechanical ventilation 234 7.78 (7.78–3.92)  < 0.001
Shock 234 15.94 (15.94–6.58)  < 0.001
ICU 234 4.99 (4.99–2.56)  < 0.001
High-sensitivity troponin 167 1.00 (1.00–1.00) 0.19
C-Reactive protein 192 1.00 (1.00–1.00) 0.054
NT-proBNP 151 1.00 (1.00–1.00) 0.75
Lactic dehydrogenase (LDH) 145 1.00 (1.00–1.00) 0.001
D-Dimer 182 1.09 (1.09–1.03) 0.002
LVEF (%) 231 0.99 (0.99–0.98) 0.55
LV global longitudinal strain (%) 189 0.90 (0.90–0.84) 0.003
RV global longitudinal strain (%) 173 0.87 (0.87–0.81)  < 0.001
RV free wall strain (%) 173 0.90 (0.90–0.86) 0.001
RV basal diameter (cm) 187 1.02 (1.02–0.90) 0.80
Pericardial effusion (%) 233 1.42 (1.42–0.65) 0.38
Days from symptom onset to admission 167 1.02 (0.94–1.10) 0.63
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that derangements in biomarkers were predictive of LV 
dysfunction on echocardiogram, which could explain the 
differences in LVGLS observed between the first and sec-
ond waves in our study [29]. Baycan et al. also showed that 
LVGLS was significantly impaired in both non-severe and 
severe COVID-19 patients compared to controls [37]. As 
noted above, given that COVID-19 primarily affects the 
respiratory system and subsequently the right ventricle, it is 
not surprising that in our patient population, the right-sided 
strain-based markers RVFWS and RVGLS were found to be 
independently associated with mortality, while LVEF and 
LVGLS were not.

Limitations

Our study is limited by being a single-center study of 
mostly African American patients admitted to an academic, 
tertiary care medical center on the south side of Chicago. 
Given the emergence of new viral variants worldwide as 
well as the rapid pace of the global vaccination effort, it 

is unclear whether the observations made in our patient 
population are generalizable to the global population of 
patients with acute COVID-19 infection. Additionally, it is 
important to note that echocardiograms performed during 
the first wave of the pandemic were performed with safety 
considerations in mind [38], and were thus often reserved 
for the sickest patients, which could explain some of the 
differences observed between the first and second waves in 
our study. Due to significant safety concerns at the onset 
of the COVID-19 pandemic, and during the first wave in 
particular, vital signs and diastolic function parameters were 
not routinely collected at the time of the echocardiogram. 
Another limitation is that due to the relatively small num-
ber of deaths in each wave, we were unable to identify a 
significant association between particular biomarkers (i.e. 
HS-troponin, NT-proBNP, etc.) and all-cause mortality, as 
has been previously reported [9, 11, 12]. Because our current 
study was a retrospective, observational study designed to 
highlight differences between the first and second waves of 
the COVID-19 pandemic, it did not have sufficient power 

Table 6   Multivariable logistic analysis

A multivariable regression was conducted to determine which baseline clinical and echocardiographic characteristics were associated with all-
cause mortality. Due to high correlation (rho > 0.60) amongst LVGLS, RVGLS, and RVFWS, separate models were run for each of these three 
parameters (see “Statistical Methods” section for details)

Model #1 Mortality outcome (n = 66)

Variable OR 95% CI p

Age 1.05 (0.99–1.12) 0.11
Diastolic blood pressure 0.96 (0.91–1.02) 0.19
Lung disease 1.56 (0.33–7.36) 0.57
Mechanical ventilation 6.01 (1.15–31.27) 0.03
LDH 1.01 (0.99–1.01) 0.25
LVGLS 0.98 (0.82–1.17) 0.86

Model #2 Mortality outcome (n = 57)

Variable OR 95% CI p

Age 1.02 (0.96–1.07) 0.58
Diastolic blood pressure 0.97 (0.92–1.02) 0.18
Mechanical ventilation 3.39 (0.56–20.61) 0.19
LDH 1.00 (1.00–1.01) 0.21
D-Dimer 0.99 (0.85–1.15) 0.90
RVGLS 0.85 (0.75–0.96) 0.011

Model #3 Mortality outcome (n = 57)

Variable OR 95% CI p

Age 1.02 (0.97–1.08) 0.37
Systolic blood pressure 1.0 (0.97–1.04) 0.85
Mechanical Ventilation 4.34 (0.74–25.33) 0.10
LDH 1.00 (1.00–1.01) 0.13
D-Dimer 0.99 (0.83–1.10) 0.56
RVFWS 0.86 (0.76–0.97) 0.017
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to identify all clinical parameters associated with all-cause 
mortality, or to separate the mortality analysis by wave.

Conclusion

This study showed that in a predominantly African American 
patient population on the south side of Chicago, the clinical 
and echocardiographic features of patients hospitalized with 
acute COVID-19 infection demonstrated marked improve-
ment from the first to the second wave of the pandemic, 
with a significant decrease in all-cause mortality. Possible 
explanations for this improvement include implementation 
of evidence-based therapies, changes in echocardiographic 
practices, and behavioral changes in our patient population. 
Mechanical ventilation and right-sided strain-based mark-
ers were independently associated with all-cause mortality.

Fig. 1   Optimal ROC Curves for Prediction of All-Cause Mortality. 
Using a composite receiver-operating curve model, the best perform-
ing combination for prediction of in-hospital mortality were found to 
be: A age, lung disease, ICU status, and LVGLS (AUC = 0.82) and B 
age, lung disease, ICU status, and RVFWS (AUC = 0.82)
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