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ARTICLE INFO ABSTRACT

Keywords: Aims: Recently, several therapeutic agents have decreased the progression to critical disease in patients with
COVID-19 mild/moderate COVID-19. However, their use is limited to patients with >1 clinical risk factor. We aimed to
Echocardiography

evaluate echocardiographic features that may aid in risk stratification for patients with mild/moderate COVID-
19.

Methods: 278 consecutive patients with mild/moderate COVID-19 underwent prospective clinical and echocar-
diographic examination, <7 days of symptoms, as part of a predefined protocol. Analysis to identify echocar-
diographic predictors of outcome was performed.

Results: In the multivariable risk model, E/€’, TAPSE, and pulmonary acceleration time (PAT) were associated
with the composite outcome (p = 0.01, 0.005, 0.05, respectively). Stepwise analyses showed that the addition of
echocardiography on top of having >1 clinical risk factor and even using each parameter separately improved
the prediction of outcomes. If patients were re-categorized as high risk only if having both >1 clinical and > 1
echocardiography risk parameter (E/e¢’ > 8, TAPSE<1.8 cm, PAT<90 msec), or even one echo parameter
separately, then specificity, positive predictive value, and accuracy improved. If patients were re-classified as
high risk if having either >1 clinical risk factor or > 1 high-risk echocardiography parameter, all five individuals
who were missed by the >1 risk factor “rule”, were correctly diagnosed as high risk. Similar analyses, including
only patients with mild disease, showed that the addition of TAPSE improved the prediction of outcomes.
Conclusions: In patients with mild/moderate COVID-19, a very limited echocardiographic exam is sufficient for
improved outcome prediction, and may improve resource allocation for new anti-COVID-19 agents.
Translational aspect of the work: We show that among patients with mild/moderate COVID-19, several easily
obtained echocardiographic findings are strongly correlated with mortality or progression to the need for
invasive/non-invasive mechanical ventilation, even when adjusted for the presence or absence of >1 clinical risk
factor. Furthermore, even a limited echocardiographic exam is sufficient to develop a strategy of risk stratifi-
cation. We believe that our data have important implications for the clinicians involved in the acute treatment of
patients with COVID-19.

Risk stratification

1. Introduction

Although most patients with COVID-19 have mild disease, some may
progress to critical illness leading to mechanical ventilation or death
[1-5]. Several investigational therapeutic agents are available, for pa-
tients with mild/moderate COVID-19 and symptom onset <7 days,

including intravenous Remdisivir [6], REGEN-COV [7] and Sotrovimab
[8], and oral Molnupiravir [9], and Paxlovid [10]. These agents have
shown promise in decreasing the progression to severe disease and
reducing mortality. However, their use is currently limited to patients
with >1 clinical risk factor for deterioration to severe COVID-19,
excluding patients without clinical risk factors. Limiting these
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effective treatments based entirely on co-morbidities can result in
denying a life-saving drug from patients without clinical risk factors that
may still harbor a risk for clinical deterioration or in unnecessary use of
these expensive medications in low-income countries.

We previously presented data regarding the cardiac and echocar-
diographic manifestations of COVID-19 in 530 consecutive patients
[11-14], irrespective of the severity of disease or clinical indication, to
describe their different echocardiographic and non-invasive hemody-
namic profiles. Our cohort included only symptomatic (non-vaccinated)
patients, with symptom onset <7 days, and mostly (N = 278, 52%) with
mild/moderate disease at presentation.

In the present study, we aimed to

o Evaluate the added prognostic value of echocardiographic and he-
modynamic parameters for predicting progression to respiratory
failure or mortality in patients presenting with mild/moderate
disease.

o Evaluate if these parameters may improve patient selection, with
special emphasis on increasing specificity and accuracy in patients
with >1 clinical risk factor for deterioration to severe COVID-19, and
increasing sensitivity in those patients without risk factors for severe
disease.

2. Material and methods
At the beginning of the COVID-19 pandemic, we initiated a pro-

spective program of comprehensive echocardiography on admission for
all patients presenting with respiratory illness due to COVID-19

268 patients with severe disease
29 patients with critical disease

90 patient were excluded:
56 discharged <24 hours

20 due to cognitive decline / psychiatric illness
10 refused echo
4 due to technical problems

204 patients with > 1 clinical risk factor:
187 patients age=50 years

6 patients BMI=30

4 patients IHD/HTN

4 patients diabetes

1 patient liver disease

1 patient kidney disease

1 patients lung disease

V Y
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infection, irrespective of clinical indication, using a pre-defined step-by-
step protocol, as part of a routine patient care protocol. All patients
underwent echocardiography within 48 h of admission and < 7 days of
symptoms onset [2 (0, 6) days]. We studied 530 consecutive adult pa-
tients (>18 years old) admitted between 3/23/2020 and 9/25/2020 to
the Tel Aviv Medical Center because of COVID-19 infection. The patients
appear in previous publications [11-14]. Demographic data, comorbid
conditions, medications, physical examination, and laboratory findings
were recorded prospectively. We excluded patients with severe and
critical diseases. Ninety patients with mild-moderate disease were
excluded based on predefined exclusion criteria (Fig. 1). Supplementary
Table 1 describes the reason for exclusion and the disease severity of the
excluded patients. Eventually, this present cohort included 278 patients
with mild/moderate disease at presentation. We then divided the pa-
tients in accordance with the NIH recommendations [15]. One-hundred
thirty-six patients had mild disease (any of the various symptoms and
signs of COVID-19 with no radiographic evidence of lower respiratory
tract disease by X-ray), and 142 patients had moderate COVID-19
(radiographic evidence of lower respiratory tract disease and PO,
saturation > 94% in room air). The patients were then re-stratified to
204 with mild/moderate disease with >1 risk factor for deterioration to
severe COVID-19 (age > 50 years, presence of either immunosuppres-
sion, obesity, cardiovascular, metabolic, liver, kidney, or lung disease),
and 74 patients with no such risk factors (Fig. 1). The stratification was
based on risk factors and was performed in a stepwise manner. First, we
identified all patients with age > 50 years (187 patients with mild/
moderate COVID-19), then patients with BMI >30 (6 patients with mild/
moderate COVID-19, and age < 50 years), and then by this order,

665 consecutive patients with
acute COVID 19

3 |
v

368 patients with mild/moderate
disease at presentation

B |
v

278 with mild/moderate
COVID-19 patients with an
echocardiography

- |
v

74 patients with mild/moderate
disease and no risk factor

y Y

39 patient died

12 patients needed
invasive ventilation

22 patients needed
non-invasive ventilation

155 discharged without
an event

1 patient died

2 patients needed
invasive ventilation

3 patients needed
non-invasive ventilation

69 discharged without
an event

Fig. 1. Flowchart showing patient selection for the final cohort.

Abbreviations - COVID19, coronavirus disease 2019; BMI, body mass index; IHD, ischemic heart disease; HTN, hypertension.
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patients with a history of ischemic heart disease, or hypertension (N =
4), diabetes (N = 4), liver disease (N = 1), kidney disease (N = 1),
chronic lung disease (N = 1), and immunosuppression (N = 0). The
remaining 74 patients had mild/moderate COVID-19 infection with no
clinical risk factors for deterioration. Clinical data were collected on a
daily basis. Clinical deterioration was defined as either death or respi-
ratory deterioration. Respiratory deterioration was defined as acute new
onset of hypoxemia requiring either invasive ventilation or non-invasive
ventilation [bilevel positive airway pressure (BIPAP) or high flow
inspiratory support (VAPOTERM), or both]. Mortality was ascertained
until the end of the follow-up on July 15th, 2021, beyond hospitalization
and irrespective of discharge date, for all patients, by telephone calls,
and was complete for all the patients. The ethics committee of the Tel
Aviv Medical Center approved the study, IRB number 0196-20-TLV.

2.1. Echocardiography

Echocardiography was performed using a dedicated echocardio-
graphic recorder (CX 50, Philips Medical Systems, Bothell, WA). In
accordance with the current guidelines [16], the following measures
were undertaken to minimize the risk of inadvertent infection: 1) All
studies were performed at the designated COVID-19 units; 2) All exams
were performed with small dedicated scanners; 3) Personal protection
included airborne precautions; 4) Electrocardiographic monitoring
during imaging was omitted, and all measurements were performed
offline [17,18], Left ventricular (LV) diameters and ejection fraction
(LVEF) were measured as recommended [19]. Measurements of mitral
inflow included peak early filling (E-wave), late diastolic filling (A-
wave) velocities, and E/A ratio. Early diastolic mitral septal and lateral
annular velocities (e’) were measured in the apical 4-chamber view
[20]. Left atrial (LA) volume was calculated using the biplane area
length method at end-systole. Forward stroke volume (SV) was calcu-
lated from LV outflow tract (LVOT) Doppler time velocity interval
multiplied by LVOT cross-sectional area with subsequent stroke volume
index and cardiac index calculation. 4-chamber views encompassing the
entire right ventricle (RV) were used to calculate end-systolic and end-
diastolic RV areas and tricuspid annulus. RV function was evaluated
by tricuspid annular plane systolic excursion (TAPSE), systolic tricuspid
lateral annular velocity (RV S’) measured in the apical 4-chamber view,
and fractional area change (FAC) [19,21]. Hemodynamic right-sided
assessment included the measurement of the pulmonic flow accelera-
tion time (PAT) velocity to assess pulmonary vascular resistance and
estimated right atrial pressure using the inferior vena cava [22]. Esti-
mation of systolic pulmonary pressure based on tricuspid regurgitation
pressure gradient and the estimated right atrial pressure was possible
only in 63 (23%) patients.

2.2. Follow-up and outcomes

Clinical follow-up was obtained prospectively. Outcome analysis
started at the time of the baseline echocardiographic exam. The study
endpoints were: 1) all-cause mortality, 2) need for invasive or non-
invasive ventilation, and 3) the composite outcome of death or need
for invasive or non-invasive ventilation. Patients who needed non-
invasive ventilation and eventually invasive ventilation, or ventilation
and eventually died, were censored at the time of the initiating event.

We also included the following analyzes:

- Outcome analysis for the mild patient group only.
- The prediction of short-term outcomes - mortality in 30 days and the
combined result.

2.3. Statistical analysis

Continuous normally distributed parameters were presented as
means+SD and compared using the Student’s t-test. Non-normally
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distributed data were presented by the median, 1st, and 3rd quartiles,
and compared using the Wilcoxon rank-sum test. Categorical data were
compared between groups using the 2 test or Fisher’s exact test. Uni-
variate Cox proportional hazards models for mortality or the composite
outcome as endpoints allowed the calculation of hazard ratios (HR) and
their corresponding 95% confidence interval. The time of follow-up was
calculated between baseline echocardiographic and either death, a new
need for invasive or non-invasive ventilation, or the last follow-up date.
Analyses for clinical endpoints were obtained for all patients. We used
multivariable Cox proportional hazard models to assess the independent
echocardiographic parameters associated with the composite endpoint.
The first step was to group the variables into LV, Doppler, and RV pa-
rameters. The second step was to select for each group all the variables
with P < 0.05 in a univariate analysis. The third step was to assess
correlations between the selected variables within each group to avoid
collinearity ®? > 0.7; p < 0.0001). Covariates were entered in a step-
wise forward multivariate analysis. In the fourth step, we performed
separate analyses for the composite event adjusted for a nominal clinical
parameter: the presence or absence of >1 risk factor for deterioration to
severe COVID-19. The nominal clinical parameter was entered first, and
the echocardiographic parameters second. The statistical significance
for the additive value of echocardiographic parameters on top of the
clinical dichotomous parameter was examined by: 1) Chi-square test of
the loglik reduction; 2) Akaike information criterion (AIC) method.

To determine if models incorporating echocardiographic parameters
improve the prediction of outcome, and reclassify more individuals with
events as high risk (true positive) and more individuals without events
as low risk (true negative) compared with the presence or absence of >1
clinical risk factor, we first derived cutoff values for continuous echo-
cardiographic parameters affecting outcome using the maximally
selected rank statistics method. We then generated Contingency tables
for the nominal clinical parameter alone, or the combination of the
nominal clinical parameter, all echocardiographic parameters, or each
echocardiographic parameter separately, and calculated sensitivity,
specificity, negative predictive value, positive predictive value, and
accuracy for each model. In each model, patients with at >1 risk factor
for deterioration to severe COVID-19 were categorized as high risk. For
echocardiographic parameters, the patients were classified as high risk
or low risk based on the cutoffs described in the results section. For each
event, we assessed models with high sensitivity (patients were catego-
rized as high-risk if having either >1 clinical risk factor or high-risk
echocardiographic features) or with high specificity (patients were
categorized as high risk if having both >1 high clinical risk factor, and
high-risk echocardiographic features).

3. Results

Clinical data were collected for 664 consecutive patients with
COVID-19 infection. We excluded 268 patients with severe disease and
29 patients with critical disease. We then excluded 90 patients because
they did not undergo echocardiographic assessment. The reasons for not
performing the echocardiographic assessment were hospital discharge
in <24 h (56 patients), patient refusal (10 patients), patients who had
cognitive decline or psychiatric illness (20 patients), and 4 patients were
excluded due to technical problems (Fig. 1 and Supplementary Table 1).
Baseline characteristics of the final cohort are presented in Table 1.)

3.1. Univariate analyses

Results of the univariate analyses for the prediction of mortality and
the composite outcome using clinical and echocardiographic parameters
are shown in Table 2. The median follow-up was 446 days, with an
interquartile range of 389 to 476 days. Forty patients (14.3%) died, 14
(5%) needed invasive ventilation, 25 (9%) needed non-invasive venti-
lation, and 54 (19.5%) reached the composite outcome. Multiple co-
morbidities were associated with adverse outcomes. The presence of
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Table 1
Baseline characteristics.
Variables Mild/ > 1 risk No risk p-value
Moderate factors N factors
disease (all) =204 N=74
N =278
Age (years), mean + SD 59.2 +£19 67.2 + 369+8 <0.0001
14
Gender (male), n (%) 161 (58) 116 (57) 45 (61) 0.55
BMI, mean =+ SD 26.6 + 5.9 27.3 + 24.7 + 0.002
6.1 4.0
IHD, n (%) 41 (15) 41 (20) 0 (0) <0.0001
Atrial Fibrillation, n(%) 21 (7.5) 21 (10) 0 (0) 0.0002
AICD, n (%) 2(0.7) 2() 0 (0) 0.26
Smoking, n (%) 29 (10) 24 (11) 5(7) 0.29
Hypercholesterolemia, n 87 (31) 85 (42) 2(3) <0.0001
(%)
DM, n(%) 82 (29) 82 (40) 0(0) <0.0001
HTN, n (%) 111 (40) 111 (54) 0 (0) <0.0001
COPD, n (%) 12 (4) 12 (6) 0 (0) 0.006
CRF, n (%) 18 (6) 18 (9) 0 (0) 0.0007
Liver disease, n (%) 8(3) 84) 0(0) 0.02
Immunosuppression, n (%) 6(2) 6 (3) 0(0) 0.05
Temperature (Celsius), 37.4 £ 0.9 37.4 £ 375+ 0.60
mean + SD 0.9 1.0
02%saturation, mean + SD 97.5 + 2.1 97.4 £ 98.0 + 0.11
2.2 1.6
Heart Rate (beats/min), 84.5 £ 15 84.3 £ 85.3 + 0.63
mean + SD 15 15
Systolic blood pressure 134.6 + 21 137.7 + 126.2 + <0.0001
(mmHg), (mean + SD) 22 14
Diastolic blood pressure 77.1 £13 76.4 + 78.8 + 0.15
(mmHg), mean + SD 14 10
Troponin-I (ng/L), median 8.5 [5, 19] 6 [3,9] 5(3,7] 0.36
[IQR] [measured in 190
patients]
BNP (pg/mL), median 37.5[14, 48 [18, 14 (7, 0.001
[IQR] 102] 130] 30]
[measured in 192
patients]
EF (%), mean + SD 58.0+ 6 575+ 6 59.1+4 0.02
LVEDD index (mm/mz), 235+ 34 233 + 24.0 + 0.10
mean + SD 3.6 2.7
LVESD index (mm/m2), 15.2 + 3.2 15.3 + 15.0 + 0.48
mean + SD 3.4 2.6
Septal thickness (mm), 8.7 +£2.2 9.3+ 21 7.2+1.6 <0.0001
mean + SD
Posterior wall thickness 9.2+22 95+22 7.8+15 0.01
(mm), mean + SD
LV mass index (gram/m?), 69.4 + 22 733 + 57.3 + <0.0001
mean + SD 23 14
Stroke volume index (mL/ 31.5+9 31.1+9 33.5+9 0.10
m?), mean + SD
Cardiac index (L/rnin/mz), 25+23 2.7 £ 0.6 24+0.7 0.35
mean + SD
LA volume index (mL/mz), 30.0 £ 12 31.7 £ 25.3 + 0.0004
mean + SD 12 10
E wave (m/s), mean + SD 67.2 £ 19 66.1 £ 71.2 + 0.02
20 13
A wave (m/s), mean + SD 61.0 + 20 66.5 + 48.7 + <0.0001
19 16
E/A 1.15+ 0.5 1.0+04 15+04 <0.0001
¢’ septal (cm/s), mean =SD 7.1 +£2.1 6.4+19 89+16 <0.0001
¢’ lateral (cm/s), mean 4 9.3 +3.2 8.1+28 12.3 + <0.0001
SD 2.5
E/e’ average 9.4+ 48 10.4 + 71+22 <0.0001
5.4
RA pressure (mmHg), mean 7.2 +3.2 7.4 + 3.5 6.6 £ 2.5 0.05
+ SD
SPAP (mmHg), mean + SD 309 £ 11 34.1 £ 23.3+7 <0.0001
[measured in 63 patients] 12
PAT (ms), mean + SD 92.5 + 28 86.1 £ 107.0 + <0.0001
26 25
RVEDA index (cm?/m?), 11.0 £ 2.2 11.2 + 10.7 + 0.26
mean + SD 2.3 2.4
RVESA index (cm?/m2), 6.2+ 1.6 63+17 61+15 0.50

mean + SD
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Table 1 (continued)

Variables Mild/ > 1 risk No risk p-value
Moderate factors N factors
disease (all) =204 N=174
N =278
RVFAC (%), mean + SD 43.0+11 426+ 6 446 +5 0.24
TAPSE (cm), mean + SD 2.3+0.5 22+0.5 24+04 0.0008
RV §' (cm/s), mean + SD 11.0 + 2.6 11.0 = 11.0 £ 0.82
2.9 1.8

Abbreviations - SD, standard deviation; IHD, ischemic heart disease; COPD,
chronic obstructive pulmonary disease; CRF, chronic renal failure; DM, diabetes
mellitus; HTN, hypertension; BNP, brain natriuretic peptide; LV, left ventricular;
EF, ejection fraction; LVEDD, left ventricular end-diastolic diameter; LVESD, left
ventricular end-systolic diameter; LA, left atrial; RV, right ventricle; RA, right
atrial; SPAP, systolic pulmonary peak pressure; PAT, pulmonary acceleration
time; RVEDA, right ventricular end-diastolic area; RVESA, right ventricular end-
systolic area; RVFAC, right ventricular fractional area change; TAPSE, tricuspid
annular plane systolic excursion.

>1 clinical risk factor for deterioration to severe COVID-19 was signif-
icantly associated with excess mortality [HR 14.7(3.2-162); p < 0.0001]
and combined adverse events [HR 4.68 (1.91-15.4); p = 0.0002]. The
echocardiographic parameters significantly associated with a higher risk
of either mortality or the composite end-point were LV mass index, left
atrial volume index, E and A wave velocities, e’ septal and lateral, E/¢e’
ratio, RV §', TAPSE, right atrial pressure (RAP), and PAT (Table 2). In
the 74 patients without any clinical risk factor for deterioration, five
patients had at least one adverse clinical outcome [one patient died
(1.3%), 2 (2.7%) needed invasive mechanical ventilation, 3 (4%) needed
non-invasive mechanical ventilation]. Results of univariate analyses for
the composite outcome, stratified for patients with or without >1 clin-
ical risk factor, are shown in Supplementary Table 2 and Supplementary
Fig. 1. In the group of patients with >1 clinical risk factors, echocar-
diographic parameters significantly associated with the composite
outcome were: left atrial volume index, E and A wave velocities, e’
lateral, E/e’ ratio, RV S’, TAPSE, and PAT. However, in the group of
patients without any clinical risk factors, the only echocardiographic
parameters significantly associated with the composite endpoint were E
and A wave velocities, E/e’ ratio, RAP, and PAT.

3.2. Multivariate analysis and contingency tables

In multivariate Cox hazard analysis, E/€/, PAT and TAPSE were the
only echocardiographic parameters independently associated with the
combined outcome (Table 3). The prevalence of abnormal TAPSE (<1.8
cm), E/e¢’ (>8), and PAT (<90 msec) were 18%, 60%, and 45%,
respectively. Stepwise addition of these echocardiographic parameters
to the nominal clinical risk factor improved the multivariate model’s
prediction (Akaike information criterion decreased from 578 to 450, P
= 0.005). The stepwise addition of either E/e’, TAPSE, or PAT, sepa-
rately, to the nominal clinical risk factor, resulted in improved predic-
tion of the multivariate model as well (p = 0.05, p < 0.0001, and p =
0.001, respectively; Table 3). The results of contingency tables for
models incorporating the nominal clinical risk factors alone, or com-
bined with echocardiography, are shown in Supplementary Table 3. The
addition of echocardiography, so patients were categorized as high-risk
only if having both >1 risk factor for clinical deterioration, and either
TAPSE, PAT, or E/e’ high-risk imaging features, reclassified more in-
dividuals without events as low-risk and improved specificity, positive
predictive value, and accuracy of the models compared with the nominal
clinical score alone. The addition of either TAPSE, PAT, or E/¢/, so pa-
tients were categorized as high-risk if having either >1 risk factor for
clinical deterioration, or any of the high-risk imaging features, reclas-
sified more individuals with events as high-risk and thus increasing
sensitivity (4 patients, 4 patients, but only 1 patient, for TAPSE, PAT,
and E/¢/, respectively), increasing sensitivity. The addition of either PAT
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Table 2
Univariate analyses for the prediction of mortality and the composite outcome,
using the clinical and echocardiographic parameters.

Parameter HR mortality P-value HR composite P-value
(CI 95%) outcome (CI
95%)
Age (years) 1.07 <0.0001 1.05 <0.0001
(1.05-1.09) (1.03-1.07)
Gender (male) 1.23 0.50 1.16 0.57
(0.66-2.3) (0.68-1.99)
Obesity 1.52 0.54 1.53 (0.56-6.2) 0.44
(0.46-9.3)
IHD 1.79 0.14 1.49 (0.73-2.8) 0.25
(0.80-3.6)
COPD 2.48 0.12 3.77 (1.55-7.8) 0.005
(0.74-6.2)
CRF 4.7 (2.1-9.5) 0.005 3.81 (1.80-7.3) 0.001
DM 2.3 0.008 2.21 0.004
(1.26-4.4) (1.28-3.78)
HTN 1.9 0.04 1.83(1.07-3.1) 0.02
(1.02-3.6)
Liver disease 1.86 0.43 1.26 (0.25-4.0) 0.75
(0.30-6.1)
Immunosuppression 1.22 0.78 1.21 (0.37-7.4) 0.78
(0.20-3.9)
>1 risk score 14.7 <0.0001 4.68 0.0002
(3.2-162) (1.91-15.4)
02 saturation, % 1.08 0.31 1.0 (0.87-1.13) 0.88
(0.93-1.31)
Troponin I, ng/L 0.98 0.74 1.06 0.01
(0.73-1.03) (1.01-1.09)
BNP, pg/mL 1.008 0.0008 1.006 0.005
(1.004-1.02) (1.002-1.009)
Echocardiography
EF (%) 0.98 0.69 1.00 0.95
(0.94-1.05) (0.95-1.05)
LVEDD index, mm/ 1.05 0.25 1.04 0.31
m? (0.95-1.15) (0.96-1.12)
LVESD index, mm/ 1.04 0.47 1.05 0.28
m? (0.93-1.15) (0.96-1.15)
LV mass index, 1.01 0.02 1.01 0.01
gram/m? (1.00-1.03) (1.00-1.03)
LA volume index, 1.03 0.007 1.03 0.002
ml/m? (1.01-1.06) (1.01-1.05)
RVEDA index, cm?/ 1.1 0.24 1.01 0.78
m? (0.93-1.29) (0.89-1.16)
RVESA, cm2/m? 0.98 0.90 0.84 0.18
(0.73-1.28) (0.64-1.08)
TAPSE, cm 0.22 <0.0001  0.26 <0.0001
(0.11-0.45) (0.15-0.47)
RV S, cm/s 0.84 0.01 0.90 0.09
(0.73-0.96) (0.80-1.01)
RVFAC, % 1.02 0.32 1.02 0.23
(0.98-1.06) (0.98-1.06)
Stroke volume index, 0.98 0.41 0.98 0.45
cc/m? (0.94-1.02) (0.95-1.02)
Cardiac index, L/m? 0.97 0.74 0.98 0.85
(0.66-1.08) (0.77-1.07)
E wave velocity, cm/ 1.01 0.01 1.01 0.02
H (1.00-1.03) (1.00-1.03)
A wave velocity,cm/  1.02 0.01 1.02 0.0001
s (1.00-1.04) (1.01-1.04)
E/A ratio 1.00 0.98 0.61 0.19
(0.42-2.1) (0.26-1.27)
¢’ septal, cm/s 0.76 0.001 0.81 0.003
(0.64-0.90) (0.69-0.93)
¢ lateral, cm/s 0.79 <0.0001  0.82(0.74-0.9) <0.0001
(0.69-0.89)
E/e’ average ratio 1.08 0.0005 1.07 0.001
(1.04-1.12) (1.03-1.10)
RA pressure, mmHg 1.12 0.007 1.10 0.009
(1.04-1.2) (1.03-1.18)
SPAP, mmH§ 1.06 0.006 1.03 0.07
(1.02-1.11) (0.99-1.07)
PAT, msec 0.97 <0.0001  0.97 <0.0001
(0.96-0.98) (0.96-0.98)
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Abbreviations - HR, hazard ratio; CI, confidence interval; IHD, ischemic heart
disease; COPD, chronic obstructive pulmonary disease; CRF, chronic renal fail-
ure; DM, diabetes mellitus; HTN, hypertension; BNP, brain natriuretic peptide;
LV, left ventricular; EF, ejection fraction; LVEDD, left ventricular end diastolic
diameter; LVESD, left ventricular end systolic diameter; LA, left atrial; RV, right
ventricle; RVEDA, right ventricular end diastolic area; RVESA, right ventricular
end systolic area; TAPSE, tricuspid annular plane systolic excursion; RVFAC,
right ventricular fractional area change; RA, right atrial; SPAP, systolic pulmo-
nary peak pressure; PAT, pulmonary acceleration time.

or E/¢€/, but not TAPSE, came with the expense of decreasing accuracy,
specificity, and positive predictive value. Results of analyses of only the
136 patients with mild COVID-19 for the composite outcome, using
clinical and echocardiographic parameters, are shown in the supple-
mentary text, and Tables 4 and 5. Results for short-term outcome ana-
lyses are shown in the supplementary text, and in supplementary tables
6 and 7.

4. Discussion

We analyzed the additive predictive value of echocardiography on
top of clinical risk factors for deterioration to death or respiratory failure
in hospitalized patients presenting with mild/moderate COVID-19
infection. Our main findings are: (1) In patients presenting with mild/
moderate COVID-19, multiple echocardiographic parameters at pre-
sentation are predictors of mortality or respiratory failure; (2) E/¢/, PAT,
and TAPSE have additive predictive value on top of clinical risk factors;
(3) Although rare, some patients presenting with mild/moderate disease
and no clinical risk factors, may still deteriorate to a need for ventilation
or death; (4) A very limited echocardiographic examination is sufficient
to develop an improved strategy for risk stratification in patients pre-
senting with mild/moderate COVID-19 infection; (5) In patients pre-
senting with mild COVID-19, TAPSE has additive predictive value on top
of clinical risk factors.

4.1. Echocardiographic evaluation in patients with COVID-19

Although the American and European societies recognize the
importance of echocardiographic assessment of patients with COVID-19,
the amount of data collected prospectively for patients with mild/
moderate infection is very limited [23-29]. Half of the patients in the
present cohort appeared in our previous publication [14], in which we
reported on the non-invasive hemodynamic and echocardiographic re-
sults of all the 530 patients with COVID-19 admitted to our institution.
Nevertheless, in the present study, we focus only on patients presenting
with mild/moderate disease and with a longer follow-up period,
allowing us to evaluate the independent predictive ability of echocar-
diography combined with clinical parameters for mortality or respira-
tory deterioration in these selected patients. Numerous
echocardiographic parameters were associated with adverse outcomes
in non-adjusted analyses. All these parameters are known associates of
disturbed RV hemodynamics (elevated preload or afterload), RV
contraction, or elevated left filling pressure. We have previously shown
that worsening echocardiographic RV functional parameters and
increasing RV preload and afterload are associated with worsening
pulmonary involvement [14]. Furthermore, in contrast to LV dysfunc-
tion, all indexes of RV dysfunction were poorer in COVID-19 patients,
especially with elevated troponin, worsening disease grade, or clinical
deterioration. The most common abnormal echocardiographic patterns
in deteriorating patients were RV dilatation and dysfunction and
shortened AT, while LV systolic and diastolic functions were normal.
Several recently published seminal studies showed similar findings. Li
et al., in their work on 120 consecutive COVID-19 patients, have shown
that RV parameters such as TAPSE and RV fractional area change were
associated with mortality, but also showed that RV longitudinal strain
was even more accurate for prognostic assessment [30]; D’Andrea et al.,
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Table 3

Univariate and multivariate Cox hazard analyses for the prediction of the
combined outcome using different combinations of clinical and echocardio-

graphic risk factors.
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Table 3 (continued)

Variable Univariate analysis
(HR)

Multivariate analysis
(HR)

Variable Univariate analysis
(HR)

Multivariate analysis
(HR)

Composite outcome- > 1 risk factor
>1 clinical risk factor for 4.68 (1.91-15.4); p =

deterioration 0.0002
2 for model 13.7
P-value for model 0.0002
AIC 578.1

Composite outcome- Echocardiography alone
LV mass index, gram/m2 1.01 (1.00-1.03); p =

0.01

LA volume index, ml/m? 1.03 (1.01-1.05); p =
0.002

E/e 1.07 (1.03-1.10); p =
0.001

RA pressure, mmHg 1.10 (1.03-1.18); p =
0.009

PAT, msec 0.97 (0.96-0.98); p <
0.0001

TAPSE 0.26 (0.15-0.47); p <
0.0001

2 for model
P-value for model
AIC

P-value for LogLik

Composite outcome- > 1 risk factor
>1 clinical risk factor for 4.68 (1.91-15.4); p =

deterioration 0.0002
E/e 1.07 (1.03-1.10); p =
0.001
PAT 0.97 (0.96-0.98); p <
0.0001
TAPSE 0.26 (0.15-0.47); p <
0.0001

2 for model
P-value for model
AIC

P-value for LogLik

Composite outcome- > 1 risk factor and E/e’
>1 clinical risk factor for 4.68 (1.91-15.4); p =

deterioration 0.0002
E/e’ > 8 2.47 (1.42-4.3); p =
0.001

2 for model
P-value for model
AIC

P-value for LogLik

Composite outcome- > 1 risk factor and PAT

>1 clinical risk factor for 4.68 (1.91-15.4); p =
deterioration 0.0002

PAT <90 msec 6.8 (3.0-19.8); p <

0.0001

¥? for model

P-value for model

AIC

P-value for LogLik

Composite outcome- > 1 risk factor and TAPSE

>1 clinical risk factor for 4.68 (1.91-15.4); p =
deterioration 0.0002

TAPSE <1.8 cm

2 for model
P-value for model
AIC

P-value for LogLik

NS
NS

1.05 (1.007-1.09); p =
0.01
NS

0.98 (0.97-1.00); p =
0.05

0.40 (0.21-0.76); p =
0.005

27.8

<0.0001

451.0

0.0001

2.41 (0.89-8.5); p =
0.08

1.04 (1.00-1.09); p =
0.05

NS

0.43 (0.23-0.81); p =
0.009

30.9

<0.0001

450.0

0.005

3.36 (1.28-11.5); p =
0.02

1.80 (1.01-3.26); p =
0.04

17.9

0.0002

537.1

0.05

3.35(1.34-11.2);p =
0.0004

5.4 (2.3-15.6); p <
0.0001

34.2

<0.0001

512.1

<0.0001

3.08 (1.22-10.3); p =
0.03

3.7 (2.0-6.7); p <
0.0001

27.9

<0.0001

481.3

0.001

Composite outcome- > 1 risk factor and Troponin

>1 clinical risk factor for 4.68 (1.91-15.4); p =
deterioration 0.0002

Troponin, ng/L 1.06 (1.01-1.09); p =

0.01
x* for model no Troponin 3.1
AIC model no Troponin 495

¥ for the entire model
P-value for model

AIC

P-value for LogLik

Composite outcome- > 1 risk factor and BNP
>1 clinical risk factor for 4.68 (1.91-15.4); p =

3.79 (0.04-0.86); p =
0.02

1.08 (1.03-1.12); p =
0.004

11.2

0.003
489.2
0.005

2.34(0.93-7.8);p =

deterioration 0.0002 0.07
BNP, pg/mL 1.006 (1.002-1.009); p 1.006 (1.001-1.009); p
= 0.005 =0.008
x? for model no BNP 4.3
AIC model no BNP 405.7
2 for the entire model 11.2
P-value for model 0.003
AIC 400.8
P-value for LogLik 0.01

Abbreviations - HR, hazard ratio; AIC, Akaike information criterion; LV, left
ventricular; LA, left atrial; NS, non-significant; RA, right atrial; PAT, pulmonary
acceleration time; TAPSE, tricuspid annular plane systolic excursion; Loglik, log-
likelihood.

found that mean pulmonary artery pressure and TAPSE were the only
independent echocardiography parameters to predict in-hospital death
in COVID-19 patients [31]; and Pagnesi et al. showed that in non-ICU
COVID-19 patients TAPSE was associated with pulmonary hyperten-
sion; And that, interestingly, pulmonary hypertension and not isolated
right ventricular dysfunction was associated with all-cause death or ICU
admission in this study [32]. Interestingly, Silverio et al., also showed
that echocardiography can be a useful tool for risk stratification of
COVID-19 patients and that abnormal TAPSE is associated with higher
in-hospital mortality. However, unlike the other studies reviewed, they
also demonstrated a prognostic significance for poor LVEF among
COVID-19 patients [33]. In the present study, including only patients
with mild/moderate disease, thus by definition without de-saturation at
presentation, these parameters were still predictive of adverse out-
comes, suggesting that echocardiographic parameters may be used as
early markers for pulmonary deterioration, preceding the decrease in
oxygen saturation (the hallmark of severe disease). We also showed that
TAPSE was associated with outcome, even in patients with mild COVID-
19 at presentation (with no radiographic evidence of lower respiratory
tract disease and normal O, saturation). In fact, TAPSE was superior to
the nominal clinical risk parameter, suggesting that it may be the earliest
sign of pulmonary deterioration, preceding even radiographic evidence
of lower tract disease [34].

4.2. Contingency tables

The cutoff values for TAPSE (<18 mm), E/e’ (>8), and PAT (<90
msec) were similar to those described for the general population
[19,20,35]. The results of contingency tables for models incorporating
the nominal clinical risk parameter, with or without echocardiography,
are presented in Supplementary Table 3. They show that with the
addition of echocardiography, so patients were categorized as high risk
only if having both high-risk >1 clinical risk factor, and >1 echocar-
diographic risk factor, reclassified more individuals without events as
low risk (from 69 to 106 patients), and improved specificity, positive
predictive value, and accuracy of the models compared with the nominal
clinical risk factor alone. In simple words, the addition of
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echocardiography in patients with >1 clinical risk factor decreases the
rate of falsely identifying patients as high risk to deteriorate by
approximately three quarters (from 154 to 36) and can improve resource
allocation, which may become especially important once expensive new
anti-COVID-19 agents are approved in low-income countries. In fact, the
addition of TAPSE alone, so patients were categorized as high risk only if
having both high-risk >1 clinical risk factor and TAPSE<1.8 cm, was
similar to the model using all echocardiographic parameters, suggesting
that using only TAPSE is sufficient.

The addition of echocardiography, so patients were categorized as
high risk if having either high-risk >1 clinical risk factor or >1 high-risk
imaging feature, reclassified another five individuals with events as high
risk, increasing the sensitivity of the combined model to 100% (all 55
patients with clinical deterioration were classified as high risk by the
combined model). Importantly, this was done without decreasing ac-
curacy, specificity, or positive predictive value. In clinical terms, it
seems that performing echocardiography in patients without risk factors
for deterioration adds to further identification of those at high risk. In
fact, the addition of either TAPSE, or PAT alone, so patients were
categorized as high risk only if having both high-risk >1 clinical risk
factor, and TAPSE<1.8 cm or PAT<90 msec, was almost similar to the
model using all echocardiographic parameters (only one patient dete-
riorating to non-invasive ventilation was classified as low risk in such
models), suggesting that using only TAPSE, or PAT is probably
sufficient.

As for now, the use of the novel oral therapeutic agents is recom-
mended only in patients with mild-moderate disease and clinical risk
factors for deterioration [14]. The clinical risk factors mentioned in
these reports [6,9,10] include older age, diabetes, hypertension,
ischemic heart disease, renal dysfunction, COPD, liver disease, immu-
nosuppression, and obesity. Our data suggest that by adding a simple,
focused echocardiography exam, one can better stratify patients’ risk
with improved sensitivity and specificity and offer a better allocation of
resources. For example, high-risk echocardiography parameters in a
patient with no clinical risk factor for clinical deterioration suggest that,
although not indicated by current guidelines, novel oral therapeutic
agents should be considered to prevent the development of severe
COVID-19 disease. On the other side, in patients with >1 clinical risk
factor and normal echocardiography the risk of deterioration is mark-
edly lower, thus can improve resource allocation in low-income coun-
tries. Also, this important information, gained from a very limited and
focused echocardiography exam, suggests bedside echocardiography as
an effective tool to better triage ambulatory patients, who are the main
target of these therapeutic agents [14].

4.3. Study limitations

Our study included only patients with COVID-19 infection who were
hospitalized. The fact that, at the time of the study, only 10% of iden-
tified patients and 50% of patients presenting to the emergency room
with COVID-19 infection were admitted to the hospital may lead to an
overestimation of the impact of echocardiography on patient selection.
Given the low number of events in the mild cohort and in patients
without clinical risk factors, the algorithms presented in the manuscript
are liable to overfitting; thus, their prognostic value will need external
validation prior to clinical use. The fact that, in some cases, echocar-
diographic parameters were measured by the cardiologist caring for the
patient may lead to bias.

5. Conclusions

We describe a cohort of echocardiographic studies in mild/moderate
COVID-19 patients. A very limited echocardiogram evaluation in pa-
tients with >1 clinical risk factor is sufficient to achieve maximal clinical
value for risk stratification.
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