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BACKGROUND: Information about the cardiac manifestations of the Omicron variant of COVID-19 is limited. We performed a sys-
tematic prospective echocardiographic evaluation of consecutive patients hospitalized with the Omicron variant of COVID-19
infection and compared them with similarly recruited patients were propensity matched with the wild-type variant.

METHODS AND RESULTS: A total of 162 consecutive patients hospitalized with Omicron COVID-19 underwent complete echo-
cardiographic evaluation within 24 hours of admission and were compared with propensity-matched patients with the wild-
type variant (148 pairs). Echocardiography included left ventricular (LV) systolic and diastolic, right ventricular (RV), strain,
and hemodynamic assessment. Echocardiographic parameters during acute infection were compared with historic exams
in 62 patients with the Omicron variant and 19 patients with the wild-type variant who had a previous exam within 1 year.
Of the patients, 85 (53%) had a normal echocardiogram. The most common cardiac pathology was RV dilatation and dys-
function (33%), followed by elevated LV filling pressure (E/e’ >14, 29%) and LV systolic dysfunction (gjection fraction <50%,
10%). Compared with the matched wild-type cohort, patients with Omicron had smaller RV end-systolic areas (9.3+4 versus
12.3+4 cm?; P=0.0003), improved RV function (RV fractional-area change, 53.2%+10% versus 39.7%+13% [P<0.0001]; RV &,
12.0+3 versus 10.7+3cm/s [P=0.001]), and higher stroke volume index (35.6 versus 32.5 mL/m?; P=0.004), all possibly related
to lower mean pulmonary pressure (34.6+12 versus 41.1+14mmHg; P=0.0001) and the pulmonary vascular resistance index
(P=0.0003). LV systolic or diastolic parameters were mostly similar to the wild-type variant-matched cohort apart from larger
LV size. However, in patients who had a previous echocardiographic exam, these LV abnormalities were recorded before
acute Omicron infection, but not in the wild-type cohort. Numerous echocardiographic parameters were associated with
higher in-hospital mortality (LV ejection fraction, stroke volume index, E/e’, RV §').

CONCLUSIONS: In patients with Omicron, RV function is impaired to a lower extent compared with the wild-type variant, pos-
sibly related to the attenuated pulmonary parenchymal and/or vascular disease. LV systolic and diastolic abnormalities are as
common as in the wild-type variant but were usually recorded before acute infection and probably reflect background cardiac
morbidity. Numerous LV and RV abnormalities are associated with adverse outcome in patients with Omicron.
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tions are common in the wild-type SARS-CoV-2 systematic echocardiographic evaluation of patients
(COVID-19 Wuhan-hu-1) variant and are asso- with the wild-type variant using a predefined compre-
ciated with increased mortality."? At the beginning of ~ hensive echocardiographic protocol in all consecutive

Multiple reports suggest that cardiac complica- the COVID-19 pandemic, we performed prospective
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CLINICAL PERSPECTIVE
What Is New?

e Almost half of hospitalized patients with Omicron
COVID-19 have normal echocardiographic ex-
aminations, one-third of the patients have right
ventricular dysfunction, and fewer have left ven-
tricular dysfunction.

e Numerous echocardiographic parameters were
associated with higher in-hospital mortality
(left ventricular ejection fraction, stroke volume
index, E/e’, right ventricular S’) or need for me-
chanical ventilation or mortality (stroke volume
index, E/e’, pulmonary vascular resistance).

e Compared with the wild-type-variant, patients
with Omicron had smaller right ventricular size,
improved right ventricular function, higher stroke
volume index, and lower mean pulmonary pres-
sure and pulmonary vascular resistance index;
however, the prevalence of left ventricular sys-
tolic or diastolic dysfunction was similar to the
matched patients with the wild-type-variant.

What Are the Clinical Implications?

e FEchocardiography proved to be an important
prognostic tool, predicting mortality and the
need for mechanical ventilation, thus aiding in
triaging admitted patients with Omicron.

patients admitted to our center, irrespective of severity
of disease.? We showed that the most common cardiac
manifestations are right ventricular (RV) dysfunction
or dilatation, followed by left ventricular (LV) diastolic
dysfunction, pericardial effusion, and systolic dysfunc-
tion.®~" The fifth COVID-19 variant of concern, Omicron
(B.1.1.529 lineage), was first identified in South Africa on
November 2021 and has a large number of changes in
its spike protein relative to that of the wild-type virus.8°
Within weeks, Omicron had been reported by >100
countries, breaking COVID-19 infection records across
Europe, North America, Africa, Australia, and Israel.®
Preliminary reports have suggested that the proportion
of cases admitted to hospitals is lower compared with
earlier variants and that those admitted have less se-
vere lung disease, hinting that Omicron replicates less
wellin lung cells than other variants.®%''2 Nevertheless,
there is scarce literature on the effect of the Omicron
variant on the heart of the affected patients. In the
present study, we performed a complete prospectively
predefined comprehensive echocardiographic evalu-
ation of 162 consecutive patients with the COVID-19
Omicron variant of all disease grades requiring hospi-
talization, identical to the evaluation performed for the
patients with the wild-type variant. We sought to deter-
mine the spectrum of cardiac manifestation, and their
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prognostic effect, stratified by the severity of disease.
Furthermore, we compared the echocardiographic pa-
rameters in the patients with Omicron and the patients
with the wild-type variant to historic echocardiographic
exams, in 62 and 19 patients, respectively, who had a
previous echocardiographic exam in our center within
1year of acute Omicron infection. Lastly, we compared
the cardiac involvement in the Omicron variant to 148
propensity-matched paired patients with the wild-type
variant.

METHODS

The study population was composed of the follow-
ing 2 cohorts of patients with COVID-19 infection:
(1) the recent Omicron wave cohort that included
162 consecutive hospitalized patients who had their
COVID-19 diagnosis between January 3, 2022, and
January 25, 2022, confirmed by a positive reverse-
transcriptase—polymerase chain reaction assay for
SARS-CoV-2 and whole genome sequencing; and
(2) the COVID-19 wild-type cohort that included 530
consecutive hospitalized patients who had their first
SARS-CoV-2 infection between March 21, 2020,
and September 16, 2020 with the wild-type variant.
This “wild-type cohort” was used as control for the
Omicron cohort. Both cohorts included consecutive
prospectively studied adult patients (aged >18years)
admitted to the Tel Aviv Medical Center. All pa-
tients had demographic data, comorbid conditions,
physical examinations, and laboratory findings sys-
tematically recorded. All patients underwent com-
prehensive transthoracic echocardiography within 48
hours of SARS-CoV-2 diagnosis as part of the prede-
fined step-by-step protocol. Clinical and imaging data
were collected prospectively. Clinical end points were
defined as either in-hospital death or in-hospital res-
piratory deterioration. Respiratory deterioration was
defined as acute new onset of hypoxemia requiring
either invasive ventilation or noninvasive ventilation
(bilevel positive airway pressure or high-flow inspira-
tory support (Vapotherm) or both). The ethics com-
mittee of the Tel Aviv Medical Center approved the
study and voided the requirement of informed con-
sent for the echocardiographic assessment. To eval-
uate for the presence of subtle echocardiographic
abnormalities in a controlled fashion, we compared
the echocardiographic characteristics in patients with
COVID-19 with the reference values.® To assess the
presence and severity of cardiac dysfunction related
only to the virus, we analyzed the echocardiographic
parameters in patients without cardiac disease (no
ischemic heart disease or heart failure) and with-
out cardiovascular risk factors (either hypertension,
diabetes, or smoking) for the wild-type and Omicron
variants. The data that support the findings of this
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study are available from the corresponding author on
reasonable request.

Whole Genome Sequencing of
SARS-CoV-2-Positive Samples

Total nucleic acids were extracted from respiratory
specimens. cDNA synthesis and enrichment were per-
formed on the extracted total nucleic acids using the
lllumina COVIDSeq Test. Amplicon libraries for viral ge-
nome sequencing using NovaSeq 6000 SP Reagent
Kit version 1.5 were used as instructed by the manu-
facturer’'s manual. The library was sequenced on the
lllumina NovaSeq platform according to the manufac-
turer’s instructions.

Bioinformatic Analysis

Global phylogenetic placement was determined
using the DRAGEN COVIDSeq version 3.5.5 platform
(llumina). FASTA sequences were analyzed using the
pipeline developed by the Israeli National Consortium
for SARS-CoV-2 Sequencing.'®

Echocardiography

Echocardiography was performed in a standard man-
ner using the same small, dedicated scanners (CX 50,
Philips Medical Systems, Bothell, WA) by cardiologists
with expertise in echocardiographic recording and in-
terpretation. The following measures were undertaken
to minimize the risk of inadvertent infection: (1) all echo-
cardiographic studies were bedside studies performed
at the designated COVID-19 internal ward units and (2)
personal protection at the time of echocardiographic
recordings included airborne precautions composed
of N-95 respirator masks, gowns, gloves, head covers,
eye shields, and shoe covers. Left ventricle diameters
and LV ejection fraction (LVEF) were measured as rec-
ommended." Measurements of mitral inflow included
the peak early filling (E wave) and late diastolic filling (A
wave) velocities, the E/A ratio, and deceleration time
of early filling velocity. Early diastolic mitral septal and
lateral annular velocities (e') were measured in the api-
cal 4-chamber view.'® Left atrial volume was calculated
using the biplane area length method at end systole.
Forward stroke volume was calculated from the LV
outflow tract with subsequent calculation of cardiac
output and index.

Right Ventricle Assessment

From RV-focused 4-chamber views encompassing the
entire RV, end-systolic and end-diastolic RV areas and
the tricuspid annulus were measured. Apart from qual-
itative grading, RV function was evaluated by tricus-
pid annular plane systolic excursion, systolic tricuspid
lateral annular velocity (RV S') measured in the apical
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4-chamber view, and RV fractional area change.'*'®
Noninvasive RV hemodynamic variables included pul-
monic acceleration time, estimated right atrial pres-
sure, mean pulmonary artery pressure, pulmonary
vascular resistance index, and RV stroke work. Mean
pulmonary artery pressure was calculated based on
the formula 48 — (0.28 x pulmonic acceleration time).
Pulmonary vascular resistance index was calculated
based on the formula (9— [0.07 x pulmonic accelera-
tion time]) x 80. RV stroke work was calculated based
on the formula 0.0136 x (stroke volume x [mean pul-
monary artery pressure — right atrial pressure]). Dilated
RV was defined by comparing RV end-diastolic area
index to sex-related reference values.'* The cutoff used
was RV end-diastolic area index >12.6 cm?/m? for men
and >11.5cm?/m? for women.

Two-Dimensional Speckle-Tracking
Echocardiography

Speckle-tracking analysis was performed in accord-
ance with the Consensus Document of the European
Association of Cardiovascular Imaging/American
Society of Echocardiography/Industry Task Force to
Standardize RV and LV myocardial deformation imag-
ing."*"" All speckle-tracking echocardiography analy-
ses were performed offline. Peak RV free wall and
global 4-chamber longitudinal and peak LV global
longitudinal strain were obtained using grayscale im-
ages of apical views of 1 heart cycle. Analyses were
done using commercial feature-tracking software
(2-dimensional Cardiac Performance Analysis TomTec
Imaging Systems, Unterschleissheim, Germany).

Statistical Analysis

Continuous normally distributed parameters were pre-
sented as mean+SD and compared using the Student
t test. Normality was assessed using the Shapiro—Wilk
test and visual inspection of quantile—quantile plots.
Non-normally distributed data were presented by me-
dian and first and third quartiles and compared using
the Wilcoxon rank sum test. Categorical data were com-
pared between groups using the ¥ test or Fisher exact
test. To compare echocardiographic parameters during
acute infection to historic exams, a paired t test was used.
To identify variables that significantly affected in-hospital
mortality, or the combined outcome, we evaluated them
using univariable logistic regression. All variables with a
significant relationship were entered into a multivariable
logistic regression including age. The predictive ability
of the echocardiographic parameters in patients with
and without the Omicron variants was assessed using
an interaction term. To compare the echocardiographic,
clinical, and laboratory parameters in patients with the
Omicron variant with those with the wild-type variant,
the entire database of patients with wild-type COVID-19
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(N=530) was used, and patients with the Omicron vari-
ant were matched in a 1:1 ratio to patients in the wild-
type cohort. The propensity score was estimated using
logistic regression with all variables entered into the
model, and then matching was performed using near-
est neighbor (ie, matching 2 closest propensity score
pairs) with a 1:1 ratio between the Omicron and wild-type
groups. To further decrease disparity in pairs, matching
was restricted by a caliper of 0.7 of the SD of the pro-
pensity score. Assessment of balance was performed
by inspecting resulting standardized mean differences. A
standard mean difference of <0.2 was considered small.
The predefined baseline matching parameters were
age, sex, body mass index, grade of disease, and his-
tory of ischemic heart disease. The selection process
produced groups with balanced comorbidities. P val-
ues of <0.05 were considered to indicate statistical sig-
nificance. All data were analyzed with the JMP System
software version 12.0 (SAS Institute, Inc, Cary, NC).

RESULTS

Clinical data were collected in 236 consecutive patients
hospitalized with the COVID-19 Omicron variant. A total
of 72 patients were excluded because they did not un-
dergo echocardiographic assessment. The reasons for
not performing the echocardiogram were the follow-
ing: hospital discharge <24 hours (11 patients), patient
refusal (7 patients), death shortly after hospitalization (4
patients), and “do not resuscitate” status (50 patients).
In 2 patients, the Omicron variant was not confirmed.
Thus, the study group included 162 patients with the
CQOVID-19 Omicron variant who underwent echocardio-
graphic evaluation (aged 71.9+17 years; 62% men). At
the time of baseline echocardiographic evaluation, pa-
tients were stratified to 91 patients with mild disease (no
radiographic evidence of lower respiratory tract disease
by x-ray film), 15 patients with moderate COVID-19 (radi-
ographic evidence of lower respiratory tract disease and
PO, saturation >94% in room air), and severe disease
in 51 patients (oxygen saturation <94% at room air). A
total of 5 patients were in critical condition at presenta-
tion (need for mechanical ventilation). Table 1 shows the
baseline characteristics and echocardiographic assess-
ments of all patients stratified by disease grade. The
most common comorbidity was hypertension (53%),
followed by diabetes (38%) and ischemic heart disease
(24%). The majority of patients (125 [77%]) were vacci-
nated at least once, and all with the BNT162b2 vaccine
(Pfizer-BioNTech). Baseline echocardiographic charac-
teristics of patients with Omicron COVID-19 compared
with reference values® are shown in Table S1. The most
common echocardiographic pattern (33%) was RV dila-
tation (either RV end-diastolic or end-systolic area above
normal range) with or without dysfunction (either abnor-
mal RV S, tricuspid annular plane systolic excursion, or
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RV fractional area change), followed by elevated filling
pressure (E/e’ >14, 29%), and systolic dysfunction (LVEF
<50%, 10%). The remaining 85 (53%) patients had a
normal echocardiogram. Analyzing vaccination status
as can be seen in Table S2 shows that vaccination/prior
infection status (either >1 vaccine or any prior COVID-19
infection) did not impact the infection severity (with the
exception of higher CRP [C-reactive protein] and rate
of atrial fibrillation in nonvaccinated patients) and the
severity of RV abnormalities. Of note, nonvaccinated
patients were slightly younger, which may have skewed
the data in their favor.

Comparison With the Historic
Echocardiographic Exams in the Patients
With Omicron

To assess if pathologic LV, RV, and Doppler param-
eters in the Omicron cohort are related to the acute
infection, we compared them in 62 patients to historic
echocardiographic exams within 1year (218 [48, 355]
days - median [IQR]). The results of these comparisons
are shown in Table 2 and in Figure 1. No significant
changes occurred during acute disease, including LV
systolic and most LV diastolic parameters, and there
was no change in RV size, function, or right-sided
hemodynamics (P>0.2 for all). The only exception was
a decrease in the A wave velocity during acute infec-
tion. In 7/9 (78%) of the patients with low LVEF during
acute Omicron infection who had a previous echocar-
diographic exam, low LVEF had already been recorded.
In 15/22 (68%) of the patients with elevated left-filling
pressure who had a previous echocardiographic exam,
E/e’ >14 had already been recorded. In 14/16 (88%) of
the patients with RV dilatation or dysfunction who had
a previous echocardiographic exam, RV dilatation or
dysfunction had already been recorded.

Comparison With the Wild-Type COVID-19
Cohort

Matching produced 148 pairs of patients with Omicron
and the wild-type COVID-19 variant, with an overall non-
significant difference between group’s clinical character-
istics (P>0.2 for all). Patients with the wild-type variant had
higher troponin, D-dimers, and CRP than the matched
patients with Omicron. Characteristics of both groups,
stratified to clinical, LV, RV, and Doppler characteristics,
are presented in Table 3 and Figure 2. Patients with the
wild-type variant had smaller LV, but no difference in LVEF,
compared with patients in the Omicron-variant matched
cohort. Patients with the wild-type variant had larger RV,
poorer RV function, lower stroke volume index and car-
diac index, lower E wave velocity, higher estimated mean
pulmonary artery pressure, and higher pulmonary vas-
cular resistance compared with patients in the Omicron-
variant matched cohort. In the wild-type cohort, 83% of
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Table 1. Baseline Clinical and Echocardiographic Characteristics of Hospitalized Patients With Omicron Stratified by

Severity of Disease

J Am Heart Assoc. 2023;12:e027188. DOI: 10.1161/JAHA.122.027188

Variables All, N=162 Mild/moderate, n=106 Severe/critical, n=56 P value

Clinical characteristics
Age, y, mean+SD 71.9+17 70.3+18 74.8+14 0.08
Male sex, n (%) 100 (62) 60 (63) 40 (42) 0.45
BMI, mean+SD 26.6+5 26.5+5 26.8+5 0.72
BSA, mean+SD 1.85+0.2 1.85+0.2 1.85+0.2 0.89
Ischemic heart disease, n (%) 39 (24) 22 (21) 17 (30) 0.21
Stroke, n (%) 28 (17) 18 (17) 10 (18) 0.94
Chronic kidney disease, n (%) 32 (20) 17 (16) 15 (27) 0.10
COPD, n (%) 9 (6) 4 (4) 5(9) 0.19
Other lung disease, n (%) 1(7) 5(5) 6 (10) 017
Any lung disease, n (%) 20 (12) 9(8) 11 (20) 0.04
Diabetes, n (%) 62 (38) 45 (43) 17 (29) 0.10
Hypertension, n (%) 86 (53) 56 (563) 30 (53) 0.93
Vaccinated, n (%) 125 (77) 79 (75) 46 (83) 0.27
Temperature, °C, mean+SD 37.3+0.7 37.3+0.8 37.3+0.5 0.75
0, saturation, %, mean+SD 938.0+5 94.9+4 88.5+4 <0.0001
Heart rate, beats/min, mean+SD 88.6+22 87.56+23 91.0+19 0.49
SBP, mmHg, mean+SD 131.3+24 131.0+25 131.7+23 0.90
DBP, mmHg, mean+SD 72.9+15 71.9+15 75.2+15 0.40
Hemoglobin, g/dL, mean+SD 1212 12.2+2 1212 0.85
White blood cells, 10%/uL, median 71 (4.8,9.9) 6.8 (4.7, 10.2) 8 (5.3, 9.4) 0.49
[quartiles]

Platelets, 10%/uL, mean+SD 192.6+82 194.0+80 189.3+90 0.83
Blood urea nitrogen, mg/dL, mean+SD 25.8+24 22.0+11 34.8+40 0.07
Creatinine, mg/dL, mean+SD 1.25+11 1.14+0.9 1.563+1.5 0.12
C-reactive protein, mg/L, median 40 (18, 117) 27 (7, 74) 65 (25, 146) 0.002
(quartiles)

D-dimer, mg/L, mean+SD 2.6+4.7 2.1+£2.5 3.5+7.0 0.30
Troponin-1, ng/L, median (quartiles) 14 (5, 64) 11 (4, 64) 19 (8, 65) 0.10
Brain natriuretic peptide, median 165 (55, 770) 108 (36, 422) 378 (93, 1068) 0.05
(quartiles)*

Bilateral infiltrate, n (%) 40 (25) 15 (14) 25 (45) <0.0001
Atrial fibrillation, n (%) 19(12) 16 (15) 3 (5) 0.07
ST/T wave changes, n (%) 43 (27) 30 (28) 13 (23) 0.48

Echocardiography
Global longitudinal strain, mean+SD —17.8+5.1 -18.0+4.8 -17.2+5.5 0.55
LVEF, % 55.5+9 56.5+7 54.8+8 0.23
LVEDD, mm, mean+SD 45.6+8 46.1+6 45.4+9 0.56
LVESD, mm, mean+SD 30.8+7 30.4+7 31.0+7 0.64
LAVI, mL/m?, mean+SD 34.1+14 35.3+15 32.7+11 0.28
RV free wall strain, mean+SD -20.9+7.4 -21.1+7.6 -20.3+7.2 0.57
RV global 4C strain, mean+SD -17.2+4.7 -17.7+4.3 -16.2+5.3 0.10
RVEDA index, cm?/m?, mean+SD 10.8+4 1114 10.4+4 0.44
RVESA index, cm?m?2, mean+SD 4.9+2 5.3+2 4,542 0.10
RVFAC, %, mean+SD 55.5+10 51.8+10 55.6+10 0.13
TAPSE, cm, mean+SD 2.2+0.5 2.2+0.5 2.2+0.4 0.97
RV S’ cm/s, mean+SD 12.0+3 11.8+3 12.4+4 0.25
SVI, mL/m?, mean+SD 35.6+10 36.4+11 34.1+8 0.18

(Continued)
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Table 1. Continued

Echocardiogram in Omicron COVID-19

Variables All, N=162 Mild/moderate, n=106 Severe/critical, n=56 P value
Cl, L/min per m?, mean+SD 2.7+0.8 2.7+0.9 2.7+0.6 0.95
E wave velocity, cm/s, mean+SD 78.6+£23 75.4+£21 82.3x27 0.09
A wave velocity, cm/s, mean+SD 69.7+22 70.7+22 72.3+22 0.69
E/A ratio, mean+SD 119+0.6 113+0.6 1.156+0.6 0.87
¢’ septal, cm/s, mean+SD 6.5+2 6.6+2 612 0.15
¢’ lateral, cm/s, mean+SD 8.0+3 8.2+3 7.6+3 0.23
E/e’ average ratio, mean+SD 12.3+6 11.6+£5 14.0+7 0.02
RAP, mmHg, mean+SD 7.9+4 7.6+4 8.6+4 0.24
SPAP, mmHg, mean+SD* 37.56+12 35.1+9 42.0+14 0.02
PAT, msec, mean+SD 91.6+24 97.2+23 81.0+19 0.0001
PAT<90 msec, % 47 34 70 0.0002
Global, segmental, or normal systolic Global, 21 Global, 20 Global, 20 0.94
function, % Segmental, 10 Segmental, 10 Segmental, 12
Normal, 69 Normal, 70 Normal, 68
Pericardial fluid, % 13 10 18 017

4C indicates 4-chamber; BMI, body mass index; BSA, body surface area; Cl, cardiac index; COPD, chronic obstructive pulmonary disease; DBP, diastolic
blood pressure; LAVI, left atrial volume index; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-
systolic diameter; PAT, pulmonic acceleration time; RAP, right atrial pressure; RV, right ventricular; RVEDA, right ventricular end-diastolic area; RVESA, right
ventricular end-systolic area; RVFAC, right ventricular fractional area change; SBP, systolic blood pressure; SPAP, systolic pulmonary artery pressure; SVI,

stroke volume index; and TAPSE, tricuspid annular plane systolic excursion.
*Assessed only in 36 patients.

patients had at least 1 abnormal RV-related parameter
compared with only 48% in the matched Omicron cohort
(P<0.0001). Table S3 shows the main echocardiographic
findings in the matched Omicron and wild-type cohort
categorized by COVID-19 severity (mild/moderate versus
severe and critical). As can be seen, patients with the
wild-type variant had larger RV, poorer RV function, and
higher pulmonary vascular resistance compared with pa-
tients in the Omicron-variant matched cohort irrespective
of grade of disease. Interestingly, patients with Omicron
and severe disease had higher E/e’ than matched pa-
tients with the wild-type variant.From 148 pairs of patients
with Omicron and the wild-type COVID-19 who under-
went routine echocardiographic evaluation, subsequent
offine speckle-tracking echocardiography evaluation
was feasible in 85 (57%) and 135 (91%) patients for the
left ventricle and right ventricle in the Omicron cohort and
in 93 (63%) and 115 (78%) patients for the left ventricle
and right ventricle in the wild-type cohort, respectively. In
the Omicron cohort, patients with poorer clinical grade
levels had similar left ventricular global longitudinal strain,
right ventricular global longitudinal strain, and right ven-
tricular free wall longitudinal strain (P>0.1 for all; Table 1).
Surprisingly, as shown in Table 2, patients with Omicron-
type acute infection and a preceding echocardiographic
exam showed improvement in left ventricular global lon-
gitudinal strain during acute infection, but no difference in
right ventricular global longitudinal strain and right ventric-
ular free wall longitudinal strain compared with the eval-
uation performed before the acute phase of the disease.
Neither left ventricular global longitudinal strain nor right
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ventricular global longitudinal strain and right ventricular
free wall longitudinal strain were associated with mortality
(Table 4).

A total of 36 (24%) patients with Omicron were treated
with COVID-19-targeted therapy (6 baricitinib, 4 mol-
nupiravir, 1 casirivimab and imdevimab, 23 nirmatrelvir
and ritonavir, and 13 remdesevir). None of the patients
with the wild-type infection were treated with COVID-19—
targeted therapy. COVID-19-targeted therapy was not as-
sociated with mortality in the univariate analysis (Table 4).

When adjusted for age and COVID-19-related
therapies, tricuspid annular plane systolic excursion
(odds ratio [OR], 0.12 [0.3-0.5]; P=0.02), but not stroke
volume index (OR, 0.21 [0.02-2.5]; P=0.2), was as-
sociated with mortality. As with the patients with the
Omicron variant, in the matched patients with the wild-
type variant, we compared the echocardiographic
parameters of the acute infection to a historic echocar-
diogram from the past year (Table S4) and found that
patients with acute wild-type infection had a marked
decrease in LV end-diastolic diameter, A wave velocity,
E/e’, stroke volume, and RV &', concomitant with an in-
crease in RV end-diastolic area, right atrium pressure,
and shortening of pulmonic acceleration time.

Patients with acute wild-type infection and no cardiac
disease or cardiovascular risk factors, compared with
matched patients with acute Omicron-type infection, had
smaller LV size, smaller left atrium volume index and lower
E wave velocity, E/e’, stroke volume index, and RV &, con-
comitant with a slight increase in RV end-diastolic area
and shortening of pulmonic acceleration time (Table S5).
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Table 2. Echocardiographic Characteristics Before
Compared With During Acute Omicron COVID-19 Infection

Acute P value

Pre-Omicron, infection, paired t
Variables N=61 N=61 test
LVEF, %, mean+SD 56.2+9 54.9+8 0.08
Global longitudinal strain -13.3+7.0 —17.8+51 0.004
(N=21), mean+SD
LVEDD, mm, mean+SD 46.9+7 46.7+7 0.79
LVESD, mm, mean+SD 30.9+8 31.2+8 0.69
Stroke volume, mL, 67.8+18 64.1+20 0.14
mean+SD
Cardiac output, L/m?, 4.9+1.2 4.9+1.4 0.80
mean+SD
LA volume, mL, mean+SD 71.7£26 76.2+29 0.43
E wave, cm/sec, 79.4+26 80.1+£24 0.86
mean+SD
A wave, cm/sec, 82.7+23 72.3+25 0.0009
mean+SD
E/A ratio, mean+SD 1.03+0.6 1.22+0.8 0.20
E/e’ average, mean+SD 13.5+6 14.1+6 0.35
PAT, msec, mean+SD 88.5+25 83.5+21 0.33
SPAP, mmHg, mean+SD 451+13 40.1+10 0.1
RA pressure, mmHg, 8.2+5 11.4+9 0.08
mean+SD
RV free wall strain, N=35, -20.2+7.7 20.9+7.4 0.76
mean+SD
RV global 4C strain, -15.9+£5.8 —17.2£4.7 0.26
N=35, mean+SD
RVEDA, cm?, mean+SD 19.0+6 19.9+8 0.56
RVESA, (cm?), mean+SD 9.7+4 9.7+6 0.93
RVFAC, (%), mean+SD 51.3+8 51.8+10 0.81
TAPSE, (mm), mean+SD 20.2+5 21.7+5 0.44
Pulsed RV S, cm/s, 11.3+3 1173 0.42
mean+SD

4C indicates 4-chamber; LA, left atrium; LVEDD, left ventricular end-
diastolic diameter; LVEF, left ventricular ejection fraction; LVESD, left
ventricular end-systolic diameter; PAT, pulmonic acceleration time; RA, right
atrium; RV, right ventricular; RVEDA, right ventricular end-diastolic area;
RVESA, right ventricular end-systolic area; RVFAC, right ventricular fractional
area change; SPAP, systolic pulmonary artery pressure; and TAPSE,
tricuspid annular plane systolic excursion.

Association Between Echocardiographic
Parameters and Outcome

In the matched cohort, 11 and 30 patients with the
COVID-19 Omicron and wild-type variants, respectively,
died in the hospital (P=0.001). In the matched cohort,
14 and 38 patients with the Omicron and wild-type
variants, respectively, needed in-hospital mechanical
(invasive or noninvasive) ventilation (P=0.0002). In the
matched cohort, 19 and 45 patients with the Omicron
and wild-type variants, respectively, had a clinical
combined in-hospital event (P=0.0002). Results of the
univariate analyses for mortality are shown in Table 4.
Results of the univariate analyses for the combined
event are shown in Table S6. The echocardiographic
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parameters significantly associated with a higher risk
of either in-hospital mortality or the combined event
in the wild-type variant were all RV related and in-
cluded RV &, tricuspid annular plane systolic excur-
sion, right atrial pressure, and pulmonic acceleration
time (Table 4). However, in the Omicron-variant cohort,
in addition to RV-related parameters, LVEF, stroke vol-
ume index, cardiac index, and E/e’ were also asso-
ciated with outcome. Interestingly, the impact of E/e
and stroke volume index on outcome were restricted to
the patients with Omicron in the interaction analysis (P
values 0.04 and 0.02, respectively). When adjusted for
age and COVID-19-related therapies, RV-related pa-
rameters and stroke volume index were still associated
with outcome (Table 4 and Table S5).

DISCUSSION

This is the first systematic echocardiographic study of
nonselected hospitalized patients with Omicron-variant
COVID-19 requiring hospitalization. Of the hospitalized
patients with Omicron-type COVID-19 acute infection,
53% have normal echocardiography at presentation.
The most common echocardiographic pathology was
RV dilatation with or without dysfunction (33%), fol-
lowed by elevated left-filling pressure (29%), and sys-
tolic dysfunction (10%). The prevalence of LV systolic or
diastolic dysfunction was similar to the wild-type vari-
ant cohort.® However, in difference with the patients
with the wild-type variant who had a previous echo-
cardiographic exam in which acute infection resulted
in lower left-filling pressure, LV size, and stroke volume,
these LV abnormalities have already been recorded
before in the patients with acute Omicron infection.
Compared with matched patients with the wild-type
variant, patients with the Omicron variant had larger LV
size, smaller RV, better RV function, and higher stroke
volume, all related to lower pulmonary pressure and
pulmonary vascular resistance. Numerous LV and RV
echocardiographic parameters are associated with in-
hospital mortality and the need for mechanical ventila-
tion in patients with the Omicron variant.

Patients with acute wild-type infection and no car-
diac disease or cardiovascular risk factors had echo-
cardiographic LV and RV parameters, suggesting that
acute wild-type infection causes acute elevation of
RV afterload, resulting in lower left-filling pressure and
stroke volume. However, in a similar group of patients
with acute Omicron-type infection, these changes
were not recorded.

RV Dysfunction

We have previously shown that RV hemodynamics and
function are poor in a large proportion of patients as-
sessed during the early acute phase of infection with
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Figure 1.

Echocardiographic parameters before and during acute Omicron COVID-19 infection.

A, Left ventricle—related parameters. Blue boxes denote pre-Omicron parameters. Orange boxes denote
parameters during acute infection. B, Right ventricle-related parameters. Orange boxes denote pre-
omicron parameters. Blue boxes denote parameters during acute infection. EF indicates ejection fraction;
LV, left ventricular; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic
diameter; MPAP, mean pulmonary artery pressure (mmHg); RV, right ventricular; RVEDA, right ventricular
end-diastolic area (cm?); RVESA, right ventricular end-systolic area (cm?); RVFAC, right ventricular
fractional area change (percentage); and RVSW, right ventricular stroke work ([gm m]/beat).

the wild-type COVID-19 variant.>~" We have also shown
that these RV abnormalities are strongly related to el-
evated pulmonary vascular resistance,® outcome,® and
worse COVID-19-related lung injury.’> There are many
conditions that can precipitate acute RV failure or in-
crease pulmonary vascular resistance. These include
primary RV injury related to infection or cytokine storm,
pulmonary embolism, hypoxic pulmonary vasoconstric-
tion, decrease in lung volume, bacterial superinfec-
tion, elevated left atrial pressure, or a combination. In
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the wild-type cohort, patients with higher pulmonary
resistance and RV dysfunction were older, had more
comorbidities, and most important had worse lung
disease, lower oxygen saturation, and higher left-filling
pressure.® Those data suggested that elevated pul-
monary vascular resistance in the wild-type cohort is
multifactorial and related to parenchymal lung disease,
pulmonary vascular disease, and elevated left atrial
pressure, all leading to RV dysfunction. In the present
Omicron cohort, RV dilatation and dysfunction are
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Table 3. Baseline Clinical and Echocardiographic
Characteristics of Hospitalized Omicron Versus Matched

Table 3. Continued

Echocardiogram in Omicron COVID-19

Wild-Type COVID-19 Variants Variables Wild type Omicron P value
i i i LVEF, %, mean+SD 56.8+7 56.1+7 0.40
Variables Wild type Omicron P value
Abnormal LVEF, n (%) 15 (10) 15 (10) 1.0
Clinical characteristics
LVEDD, mm, mean+SD 43.5+7 45.9+7 0.005
Age, y, mean+SD 71.0£16 71.417 0.78
LVESD, mm, mean+SD 27.6+8 30.5+7 0.004
Male sex, n (%) 89 (60) 94 (63) 0.55
LA volume, mL, 63.0+29 64.0+28 0.75
Severity grade, n (%) 1.0 mean+SD
Mild 80 (54) 80 (54) LAVI, mL/m?, mean+SD | 34.6+16 34.6+14 0.99
Moderate 14 (10) 14 (10) RV parameters
Severe 47 (31) 47 (31) RV free wall strain, -20.4+9.8 -20.7+7.7 0.85
Critical 7(5) 7 (5) mean+SD
BSA, mean+SD 1.82+0.2 1.84+0.2 0.57 RV global 4G strain, -17.3+5.9 -171+4.8 0.67
mean+SD
Ischemic heart disease, 34 (23) 38 (25) 0.59
n (%) RVEDA, cm?, mean+SD | 21.1+5 19.8+6 017
Diabetes, n (%) 48 (32) 55 (37) 0.40 RVEDA index, sz/mz, 11.4+2 11.0+4 0.32
mean+SD
Stroke, n (%) 18 (12) 24 (16) 0.31
RVESA, cm?, mean+SD | 12.3+4 9.3+4 0.0006
Chronic kidney disease, 24 (16) 29 (19) 0.45
n (%) RVESA index, cm?/m?, 6.9+2 5.0+2 <0.0001
mean+SD
Hypertension, n (%) 94 (63) 87 (59) 0.40
RVFAC, %, mean+SD 39.7+13 53.2+10 <0.0001
COPD, n (%) 14 (9) 10 (7) 0.39
Abnormal RVFAC, (%) 61 (41) 4 (3) <0.0001
Other lung disease, n (%) 6 (4) 10 (7) 0.30
TAPSE, cm, mean+SD 2.15+0.5 218+0.4 0.66
Lung disease, n (%) 20 (14) 20 (14) 1.0
Abnormal TAPSE, (%) 34 (23) 24 (16) 0.15
Temperature, °C, mean+SD | 37.5+0.8 37.4+0.8 0.47
/ 10.7+£3 12.0+3 0.001
O, saturation, %, mean+SD | 91.9+10 92.9+5 0.29 RVS, cm/s, mean+SD
’
Heart rate, beats/min, 85.3x15 89.2+22 017 Abnormal RV S 5436) 47 1) 041
mean+SD Abnormal RV function/ 123 (83) 71 (48) <0.0001
SBP, mmHg, mean+SD 137.2422 132.2+26 0.15 size
DBP, mmHg, mean+SD 75.2412 72.9+15 0.25 Doppler and hemodynamic parameters
Hemoglobin g/dL 12.9+2 12,249 0.004 Stroke volume, mL, 58.9+19 65.6+19 0.004
mean+SD mean+SD
White blood cells, 10%uL, | 7.6+3 10.0+21 0.21 SVI, mL/m?, mean=-5D 82.5+10 85.6+10 0.009
mean+SD Abnormal SVI, (%) 100 (68) 74 (50) 0.002
Platelets, 10%/uL, mean+SD | 201.6+90 199.2+93 0.82 Cardiac output, L/min, 4.5+1.5 5.0+1.6 0.008
Blood urea nitrogen, mg/ | 23.6+21 05,6122 0.42 mean+SD
dL, mean+SD Cl, L/min per m?, mean+SD | 2.5+0.8 2.7+0.8 0.01
Creatinine, mg/dL, 1.19+1.2 1.3+1.2 0.52 Abnormal Cl, n (%) 86 (58) 68 (46) 0.03
mean:SD E wave velocity, cm/s, 67.5+25 77.8+24 0.0006
C-reactive protein, mg/L, 76 [24, 145] 38 [11, 117] 0.001 mean+SD
median [quarfiles] A wave velocity, cm/s, 66.7+19 70.4+21 0.16
D-dimer, mg/L, median 0.91]0.5, 1.8] 0.2 [0, 1.1] <0.0001 mean+SD
[quartiles] E/A ratio, mean+SD 1.00£0.5 116£0.6 | 0.02
gizzwlez]l’ ng/L, median 1529 500,211 0.0003 e’ septal, cm/s, mean+SD | 6.2+2 6.3+2 0.51
Bilateral infiltrate, n (%) 66 (45) 28 (19) <0.0001 ¢ lateral, om/s, mean+SD | 7.7+3 8.0:3 0.47
Pleural effusion, n (%) 76) 1 (7) 0.33 E/e’ average ratio, 11.0+6 12.3+6 0.08
mean+SD
Lobar infiltrate, n (%) 24 (16) 9 (6) 0.005
Abnormal E/e’, n (%) 37 (25) 41 (28) 0.59
Atrial fibrillation, n (%) 7 (5) 8 (5) 0.81
RAP, mmHg, mean+SD* 8.2+4 8.7+7 0.53
ST/T wave changes, n (%) 17 (1) 20 (13) 0.59
Abnormal RAP*, n (%) 64 (48) 46 (42) 0.33
Echocardiography
SPAP, mmHg, mean+SD* 37.8+13 37.5+11 0.91
LV and LA parameters
Abnormal SPAP, n (%)* 12 (38) 28 (39) 0.85
Global longitudinal -171+3.6 —17.9+5.1 0.38
strain, mean+SD PAT, msec, mean+SD 80.4+26 91.9+23 0.0003
(Continued) (Continued)

J Am Heart Assoc. 2023;12:e027188. DOI: 10.1161/JAHA.122.027188




Ghantous et al

Table 3. Continued

Variables Wild type Omicron P value
Abnormal PAT, n (%) 90 (61) 52 (35) <0.0001
MPAP, mmHg, mean+SD 411114 34.6+12 0.0001
PVR index, dynes x sec/ 269+144 2056+132 0.0003
cm® per m?

RVSW, gm m/beat, 25.4+11 23.2+13 0.20
mean+SD

4Cindicates 4-chamber; BSA, body surface area; Cl, cardiac index; COPD,
chronic obstructive pulmonary disease; DBP, diastolic blood pressure; LA,
left atrium; LAVI, left atrial volume index; LV, left ventricular; LVEDD, left
ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction;
LVESD, left ventricular end-systolic diameter; MPAP, mean pulmonary
artery pressure; PAT, pulmonic acceleration time; PVR, pulmonary vascular
resistance; RAP, right atrial pressure; RV, right ventricular; RVEDA, right
ventricular end-diastolic area; RVESA, right ventricular end-systolic area;
RVFAC, right ventricular fractional area change; RVSW, right ventricular
stroke work; SBP, systolic blood pressure; SPAP, systolic pulmonary artery
pressure; SVI, stroke volume index; and TAPSE, tricuspid annular plane
systolic excursion.

*RV size/function was qualitatively assessed using multiple acoustic
windows. Abnormal RV size/function was defined as RV size/dysfunction
>mild, abnormal LVEF (<50%), abnormal TAPSE (<17mm), abnormal S’
(<9.5cm/sec), and abnormal RV fractional area change (<35%).

less pronounced compared with the matched patients
with the wild-type variant. Because the patients were
matched for comorbidities and age, the difference in
RV parameters is most probably related to either lesser
inflammatory response, lung parenchymal or vascular
injury, better left atrial pressure, or a combined effect of
these conditions. Based on our data, it seems that the
major mechanism is indeed lesser lung injury, inflamma-
tory response (suggested by lower CRP), and vascular
disease (suggested by lower D-dimers). There was no
difference in parameters related to left-filling pressure
(E/e’, left atrium volume index) between these cohorts.
In fact, there was a trend for higher left-filling pressure
in the Omicron cohort, reaching clinical significance in
the patients with severe infection, possibly attributed
to improved RV function and volume delivery to the left
atrium. There was also no difference in RV stroke work
between the cohorts. Thus, it is unlikely that the lower
rate of RV dysfunction observed in the Omicron cohort
is related to lower LV filling pressure or attenuated pri-
mary RV injury. On the other side, all parameters related
to pulmonary vascular resistance (mean pulmonary ar-
tery pressure, pulmonary vascular resistance) or lung
parenchymal injury (higher prevalence of either bilateral,
or lobar lung infiltrates, in chest x-ray film) were better in
the patients with Omicron compared with the matched
patients with the wild-type variant, suggesting that this
milder lung injury is the main mechanism for attenu-
ated RV dysfunction compared with the wild-type vari-
ant. The reasons for the milder lung injury in admitted
patients during the Omicron pandemic are not known
but are likely to be attributed to either a less virulent
virus, higher immunity from prior COVID-19 infections,

J Am Heart Assoc. 2023;12:e027188. DOI: 10.1161/JAHA.122.027188

Echocardiogram in Omicron COVID-19

vaccinations, or combination.®911218 ndeed, in the pre-
sent cohort, 77% of patients were vaccinated at least
once (25 patients up to 4 times) compared with none
in the wild-type cohort. This suggests a possible role
for vaccination or improved immunity attributed to a
previous infection in reducing lung and consequential
RV injury. Unfortunately, the vaccinated patients in our
Omicron cohort were much older and had more co-
morbidities compared with unvaccinated patients, thus
it was impossible to assess the isolated role of vaccina-
tion versus innate virus virulence in our study. A recent
tissue-based study showed that the Omicron variant
infects the cells of the bronchus faster, but cells of the
lung slower than previous strains.'’®'® This may at least
partially account for the less severe lung disease and
improved RV function in the patients with Omicron.

LV Function

Numerous reports showed that patients infected with
the wild-type strain have prevalent LV abnormalities
in echocardiography®’ or by cardiac magnetic reso-
nance imaging.?® LV dysfunction was attributed to
either direct myocardial viral invasion, endothelial in-
jury, or the “cytokine storm” in these patients with
wild-type COVID-19."2! Interestingly, LV involvement
was described even in the absence of severe lung
disease."*"?? Echocardiographic assessment of pa-
tients with either the wild-type or Omicron variant in
our study involved routine studies in all consecutive
patients with COVID-19 infection, irrespective of sever-
ity of disease or clinical indication, to assess a homo-
geneous unselected patient population. LVEF and E/e’
were mostly in the normal range in the Omicron hos-
pitalized cohort; however, the prevalence of abnormal
ejection fraction or E/e’ were similar to the matched
patients with the wild-type variant. Importantly, in the
majority of patients with abnormal LV systolic function,
or elevated filling, and a previous echocardiographic
exam, similar abnormalities were recorded in the exam
before the current admission, suggesting that in most
patients with Omicron, LV dysfunction is related to
background cardiac disease and that acute infection
does not cause significant additive LV injury. However,
it is important to note that assessment of LV function
by routine echocardiography may underestimate LV
injury, and acute injury may be more common once
more advanced imaging methods, such as cardiac
magnetic resonance imaging, or LV speckle tracking
analysis are used.” Importantly, even if just represent-
ing background cardiac morbidity, parameters of LV
systolic and diastolic dysfunction were associated
with excess events in patients with the Omicron vari-
ant. Thus, it seems to be important to identify LV func-
tion in patients with the Omicron variant for better risk
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Figure 2. Echocardiographic parameters during acute wild-type vs Omicron COVID-19 infection.
A, Left ventricle-related parameters. Blue boxes denote wild-type variant parameters during acute
infection. Orange boxes denote Omicron variant parameters during acute infection. B, Right ventricle—
related parameters. Blue boxes denote wild-type variant parameters during acute infection. Orange
boxes denote Omicron variant parameters during acute infection. LV indicates left ventricular; LVEDD,
left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; LVESD, left ventricular
end-systolic diameter; MPAP, mean pulmonary artery pressure (mmHg); RV, right ventricular; RVEDA,
right ventricular end-diastolic area (cm?); RVESA, right ventricular end-systolic area (cm?); RVFAC, right
ventricular fractional area change (percentage); RVSW, right ventricular stroke work ([gm m]/beat); and SV,
stroke volume. *Denotes P value <0.05.

stratification, and possibly, in future studies, to assess
LV function by these more advanced and sensitive
technologies.

In the patients with Omicron-type infection, there
were no significant differences in LV/RV functional pa-
rameters between patients with severe versus mild/
moderate infection, incongruent with our assumption
that lesser RV alterations in Omicron may be related
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to milder lung injury. Severe/critical infection can affect
LV/RV in 2 “opposite” directions. It can decrease func-
tion by increasing RV afterload, decreasing LV pre-
load, or by direct injury to the myocardium. However,
it can improve contraction by increasing the adrener-
gic tone. In patients infected with the wild-type strain,
the marked alterations in RV afterload, LV preload,
and possible myocardial injury resulted in worsening
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Table 4. Outcome Analysis of Echocardiographic Prediction of Clinical Events

Parameter Odds ratio mortality Omicron (95% CI) Odds ratio mortality wild type (95% Cl) P interaction mortality
Age 1.07 (1.007-1.13); P=0.008 1.09 (1.04-1.14); P<0.0001 0.60
Sex 0.98 (0.27-3.5); P=0.98 1.007 (0.44-2.28); P=0.98 0.89
COVID-19 therapies 0.83 (1.17-4.1); P=0.82 NA
Troponin-| 1.002 (1.002-1.006); P=0.02 1.004 (1.0006-1.008); £=0.003 0.02
Global longitudinal strain 1.06 (0.92-1.23); P=0.39 0.85 (0.72-0.99); P=0.03 0.05
LVEF 0.94 (0.89-0.99); P=0.04 0.98 (0.92-1.04); P=0.45 0.40
SVI 0.89 (0.81-0.97); P=0.004 0.98 (0.94-1.02); P=0.38 0.04
Cl 0.32 (0.11-0.98); P=0.02 0.92 (0.54-1.56); P=0.75 0.08
E/e’ 1.12 (1.04-1.23); P=0.006 1.05 (0.98-1.12); P=0.14 0.19
LAVI 1.001 (0.96-1.04); P=0.93 1.01 (0.98-1.03); P=0.47 0.77
RV free wall strain 1.04 (0.97-1.12); P=0.4 0.91 (0.76-1.01); P=0.10 0.1
RV global 4C strain 1.12 (0.99-1.28); P=0.09 0.89 (0.77-1.02); P=0.09 0.40
TAPSE 0.46 (0.21-1.03); P=0.07 0.50 (0.31-0.81); P=0.005 0.88
RV §” 0.87 (0.78-0.98); P=0.03 0.89 (0.82-0.98); P=0.02 0.76
RA pressure 1.03 (0.96-1.1); P=0.33 1.10 (0.99-1.21); P=0.06 0.29
PAT 0.98 (0.95-1.00); P=0.055 0.98 (0.96-0.99); P=0.03 0.92
PVR index 1.003 (0.99-1.007); P=0.1 1.003 (1.001-1.007); P=0.03 0.92

4C indicates 4-chamber; Cl, cardiac index ; LAVI, left atrial volume index; LVEF, left ventricular ejection fraction; NA, not assessed; PAT, pulmonic acceleration
time; PVR, pulmonic vascular resistance; RA, right atrium; RV, right ventricular; SVI, stroke volume index; and TAPSE, tricuspid annular plane systolic excursion.

LV/RV functional parameters in patients with severe/
critical disease.>%2324 However, in the Omicron cohort,
with lesser alteration in loading conditions, possibly the
increase in adrenergic tone “tilted” the functional LV/
RV parameters in the opposite direction. Furthermore,
another possible hypothesis is that in patients with
Omicron infection, RV/LV dysfunction are mostly re-
lated to background disease and less to the acute
infection.

Limitations

This single-center study included only hospitalized
patients with COVID-19. The fact that only a minor-
ity of patients with Omicron COVID-19 are admitted
to the hospital leads to an overestimation of the se-
verity of echocardiographic pathology in these pa-
tients. A total of 72 patients (30.7%) were excluded
from analysis, and the majority of them had “Do Not
Resuscitate/Intubate” orders and received only pal-
liative care. This limitation might create an opposite
bias, resulting in an underestimation of cardiac mani-
festations in patients with Omicron COVID-19. Using
small, dedicated scanners set aside in each COVID-
19-designated ward is acceptable when performing
echocardiography but resulted in a low rate of accu-
rate assessment of mean or peak pulmonary artery
pressure by the pulmonic valve regurgitation or tri-
cuspid valve regurgitation method. Outcome analyses
in our study should be interpreted with caution be-
cause of the small number of patients, small number
of events, and possible underpower. We believe that
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our results should serve as incentive to explore the
issue of echocardiographic predictors of clinical dete-
rioration in patients with Omicron COVID-19 in larger
series. There were no significant differences between
vaccinated/prior infected and nonvaccinated patients
with Omicron in terms of RV abnormalities. However,
because of the small number of patients and the
younger age of the nonvaccinated group, small dif-
ferences between the groups cannot be excluded.
Pre—CQOVID-19 echocardiograms were evaluated only
in 62 of the 162 patients with Omicron, thus our hy-
pothesis on possible lesser changes in cardiac func-
tion is limited by selection bias.

CONCLUSIONS

We describe the first large cohort of echocardio-
graphic studies in hospitalized patients with Omicron
COVID-19. More than half of the patients had normal
echocardiography. The most frequent abnormality
was RV dilation with or without dysfunction, pos-
sibly related to pulmonary parenchymal or vascular
disease. However, the frequency of RV dilation with
or without dysfunction was lower in the patients with
Omicron compared with matched patients with the
wild-type COVID-19 variant, possibly because of a
lesser inflammatory response, parenchymal, and
possibly vascular lung injury, all leading to lower RV
afterload. Among patients with abnormal echocar-
diogram at presentation, systolic LV or elevated LV
filling pressure were observed in 10% and 29% of
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patients, respectively, but similar to the prevalence
in the matched patients with wild-type COVID-19.
However, in a minority of patients who had a previ-
ous echocardiographic exam, these LV abnormalities
have already been recorded before acute Omicron in-
fection, as opposed to the patients with the wild-type
variant, suggesting that LV disturbances in hospital-
ized patients with Omicron may reflect background
cardiac morbidity in a large proportion of patients.
Importantly, numerous RV and LV echocardiographic
parameters are associated with poor outcome in
hospitalized patients with Omicron.

ARTICLE INFORMATION

Received November 4, 2022; accepted December 6, 2022.

Affiliations

Department of Cardiology, Tel Aviv Sourasky Medical Center and Sackler
School of Medicine (E.G., A.S.,, AH., AB., LL,EL.,Y.S,TJ,DZ,Tl, PT,
S.G., DV, LS., O.H., S.B., Y.T.)Tel Aviv Sourasky Medical Center and Sackler
School of Medicine (N.S.)Clinical Microbiology Laboratory, Tel Aviv Sourasky
Medical Center and Sackler School of Medicine (A.A., E.L.) and Department
of Internal Medicine J, Tel Aviv Sourasky Medical Center and Sackler School
of Medicine (M.1.).

Acknowledgments

We thank the Israeli National Consortium for SARS-CoV-2 Sequencing and
the Public Health Services, Ministry of Health for the SARS-CoV-2 sequenc-
ing data.

Ghantous, Shetrit, Hochstadt, Banai, Lupu, Levi, Szekely, Schellekes,
Jacoby, Zahler, Itach, Taieb, Gefen, Viskin, Shidlansik, Adler, Levitsky,
Havakuk, Ingbir, Banai, and Topilsky participated in designing the study, col-
lecting and analyzing data, and drafting and revising the article.

Sources of Funding
None.

Disclosures
None.

Supplemental Material
Tables S1-S6

REFERENCES

1. Guo T, FanY, Chen M, Wu X, Zhang L, He T, Wang H, Wan J, Wang
X, Lu Z. Cardiovascular implications of fatal outcomes of patients with
coronavirus disease 2019 (COVID-19). JAMA Cardiol. 2020;5:1-8. doi:
10.1001/jamacardio.2020.1017

2. Zhou F, YuT, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, Song B, Gu
X, et al. Clinical course and risk factors for mortality of adult inpatients
with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet.
2020;395:1054-1062. doi: 10.1016/S0140-6736(20)30566-3

3. Szekely Y, Lichter Y, Taieb P, Banai A, Hochstadt A, Merdler |, Gal Oz
A, Rothschild E, Baruch G, Peri Y, et al. Spectrum of cardiac manifes-
tations in COVID-19: a systematic echocardiographic study. Circulation.
2020;142:342-353. doi: 10.1161/CIRCULATIONAHA.120.047971

4. Lichter Y, Topilsky Y, Taieb P, Banai A, Hochstadt A, Merdler |, Gal
Oz A, Vine J, Goren O, Cohen B, et al. Lung ultrasound predicts clin-
ical course and outcomes in COVID-19 patients. Intensive Care Med.
2020;46:1873-1883. doi: 10.1007/s00134-020-06212-1

5. Szekely Y, Lichter Y, Hochstadt A, Taieb P, Banai A, Sapir O, Granot Y,
Lupu L, Merdler |, Ghantous E, et al. The predictive role of combined
cardiac and lung ultrasound in coronavirus disease 2019. J Am Soc
Echocardiogr. 2021;34:642-652. doi: 10.1016/j.echo.2021.02.003

J Am Heart Assoc. 2023;12:e027188. DOI: 10.1161/JAHA.122.027188

14.

20.

21.

Echocardiogram in Omicron COVID-19

Taieb P, Szekely Y, Lupu L, Ghantous E, Borohovitz A, Sadon S, Lichter
Y, Ben-Gal Y, Banai A, Hochstadt A, et al. Risk prediction in patients
with COVID-19 based on haemodynamic assessment of left and right
ventricular function. Eur Heart J Cardiovasc Imaging. 2021;22:1241—
1254. doi: 10.1093/ehjci/jeab169

Rothschild E, Baruch G, Szekely Y, Lichter Y, Kaplan A, Taieb P, Laufer-
Perl M, Beer G, Kapusta L, Topilsky Y. The predictive role of left and
right ventricular speckle-tracking echocardiography in COVID-19.
JACC Cardiovasc Imaging. 2020;13:2471-2474. doi: 10.1016/].
jcmg.2020.07.026

Wolter N, Jassat W, Walaza S, Welch R, Moultrie H, Groome M,
Amoako DG, Everatt J, Bhiman JN, Scheepers C, et al. Early assess-
ment of the clinical severity of the SARS-CoV-2 omicron variant in South
Africa: a data linkage study. Lancet. 2022;399:437-446. doi: 10.1016/
S0140-6736(22)00017-4

Madhi SA, Kwatra G, Myers JE, Jassat W, Dhar N, Mukendi CK, Nana
AJ, Blumberg L, Welch R, Ngorima-Mabhena N, et al. Population immu-
nity and severe Covid-19 with Omicron variant in South African. N Engl J
Med. 2022;386:1314-1326. doi: 10.1056/NEJM0a2119658
Classification of Omicron (B.1.1.529): SARS-CoV-2 variant of concern.
Available at https://www.who.int/news/item/26-11-2021-classification-of-
omicron-(b.1.1.529)-sars-cov-2-variant-of-concern. Accessed February
4,2022.

Jassat W, Karim SA, Mudara C, Welch R, Ozougwu L, Groome M,
Govender N, von Gottberg A, Wolter N, Group DA, Blumberg L, et al.
Clinical severity of COVID-19 patients admitted to hospitals in Gauteng,
South Africa during the Omicron-dominant fourth wave. Social Science
Research Network; 2021. doi:10.2139/ssrn.3996320.

Shuai H, Chan JF-W, Hu B, Chai Y, Yuen TT-T, Yin F, Huang X, Yoon C,
Hu J-C, Liu H, et al. Attenuated replication and pathogenicity of SARS-
CoV-2 B.1.1.529 Omicron. Nature. 2022;603:693-699.

Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1,
complete genome. 2020. Available at http://www.ncbi.nim.nih.gov/
nuccore/NC_045512.2. Accessed February 4, 2022.

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande
L, Flachskampf FA, Foster E, Goldstein SA, Kuznetsova T, et al.
Recommendations for cardiac chamber quantification by echocardiogra-
phy in adults: an update from the American Society of Echocardiography
and the European Association of Cardiovascular Imaging. J Am Soc
Echocardiogr. 2015;28:1-39.e14. doi: 10.1016/j.echo.2014.10.003
Nagueh SF, Smiseth OA, Appleton CP, Byrd BF, Dokainish H, Edvardsen T,
FlachskampfFA, Gillebert TC, Klein AL, Lancellotti P, etal. Recommendations
for the evaluation of left ventricular diastolic function by echocardiogra-
phy: an update from the American Society of Echocardiography and the
European Association of Cardiovascular Imaging. J Am SocEchocardiogr.
2016;29:277-314. doi: 10.1016/j.ech0.2016.01.011

Topilsky Y, Khanna AD, Oh JK, Nishimura RA, Enriquez-Sarano M, Jeon
YB, Sundt TM, Schaff HV, Park SJ. Preoperative factors associated
with adverse outcome after tricuspid valve replacement. Circulation.
2011;123:1929-1939. doi: 10.1161/CIRCULATIONAHA.110.991018
Badano LP, Kolias TJ, Muraru D, Abraham TP, Aurigemma G, Edvardsen
T, D'Hooge J, Donal E, Fraser AG, Marwick T, et al. Standardization of
left atrial, right ventricular, and right atrial deformation imaging using
two-dimensional speckle tracking echocardiography: a consensus
document of the EACVI/ASE/industry task force to standardize defor-
mation imaging. Eur Heart J Cardiovasc Imaging. 2018;19:591-600.
doi: 10.1093/ehjci/jey042

Chan MCW, Hui KP, Ho J, Cheung M, Ng K, Ching R, Lai K, Kam T,
Gu H, Sit K-Y, et al. SARS-CoV-2 Omicron variant replication in human
respiratory tract ex vivo. 2022. doi:10.21203/rs.3.rs-1189219/v1.
Abdelnabi R, Foo CS, Zhang X, Lemmens V, Maes P, Slechten B,
Raymenants J, André E, Weynand B, Dallemier K, et al. The omi-
cron (B.1.1.529) SARS-CoV-2 variant of concern does not readily in-
fect Syrian hamsters. Antiviral Res. 2021;198:105253. doi: 10.1016/j.
antiviral.2022.105253

Puntmann VO, Carerj ML, Wieters |, Fahim M, Arendt C, Hoffmann
J, Shchendrygina A, Escher F, Vasa-Nicotera M, Zeiher AM, et al.
Outcomes of cardiovascular magnetic resonance imaging in patients
recently recovered from coronavirus disease 2019 (COVID-19). JAMA
Cardiol. 2020;5:1265-1273. doi: 10.1001/jamacardio.2020.3557

Zeng J-H, Wu W-B, Qu J-X, Wang Y, Dong C-F, Luo Y-F, Zhou D, Feng
W-X, Feng C. Cardiac manifestations of COVID-19 in Shenzhen, China.
Infection. 2020;48:1-10. doi: 10.1007/s15010-020-01473-w

13


https://doi.org//10.1001/jamacardio.2020.1017
https://doi.org//10.1016/S0140-6736(20)30566-3
https://doi.org//10.1161/CIRCULATIONAHA.120.047971
https://doi.org//10.1007/s00134-020-06212-1
https://doi.org//10.1016/j.echo.2021.02.003
https://doi.org//10.1093/ehjci/jeab169
https://doi.org//10.1016/j.jcmg.2020.07.026
https://doi.org//10.1016/j.jcmg.2020.07.026
https://doi.org//10.1016/S0140-6736(22)00017-4
https://doi.org//10.1016/S0140-6736(22)00017-4
https://doi.org//10.1056/NEJMoa2119658
https://www.who.int/news/item/26-11-2021-classification-of-omicron-
https://www.who.int/news/item/26-11-2021-classification-of-omicron-
https://doi.org//10.2139/ssrn.3996320
http://www.ncbi.nlm.nih.gov/nuccore/NC_045512.2
http://www.ncbi.nlm.nih.gov/nuccore/NC_045512.2
https://doi.org//10.1016/j.echo.2014.10.003
https://doi.org//10.1016/j.echo.2016.01.011
https://doi.org//10.1161/CIRCULATIONAHA.110.991018
https://doi.org//10.1093/ehjci/jey042
https://doi.org//10.21203/rs.3.rs-1189219/v1
https://doi.org//10.1016/j.antiviral.2022.105253
https://doi.org//10.1016/j.antiviral.2022.105253
https://doi.org//10.1001/jamacardio.2020.3557
https://doi.org//10.1007/s15010-020-01473-w

Ghantous et al

22. Brito D, Meester S, Yanamala N, Patel HB, Balcik BJ, Casaclang-
Verzosa G, Seetharam K, Riveros D, Beto RJ, Balla S, et al. High prev-
alence of pericardial involvement in college student athletes recovering
from COVID-19. JACC Cardiovasc Imaging. 2021;14:541-555. doi:
10.1016/j.jcmg.2020.10.023

23. Szekely Y, Lichter Y, Taieb P, Banai A, Hochstadt A, Merdler
I, Gal Oz A, Rothschild E, Baruch G, Peri Y, et al. Spectrum of

J Am Heart Assoc. 2023;12:e027188. DOI: 10.1161/JAHA.122.027188

24,

Echocardiogram in Omicron COVID-19

cardiac manifestations in COVID-19. Circulation. 2020;142:342-353.
doi: 10.1161/CIRCULATIONAHA.120.047971

Ghantous E, Szekely Y, Lichter Y, Levi E, Taieb P, Banai A, Sapir O,
Granot Y, Lupu L, Hochstadt A, et al. Pericardial involvement in pa-
tients hospitalized with COVID-19: prevalence, associates, and clini-
cal implications. J Am Heart Assoc. 2022;11:e024363. doi: 10.1161/
JAHA.121.024363

14


https://doi.org//10.1016/j.jcmg.2020.10.023
https://doi.org//10.1161/CIRCULATIONAHA.120.047971
https://doi.org//10.1161/JAHA.121.024363
https://doi.org//10.1161/JAHA.121.024363

SUPPLEMENTAL MATERIAL



Table S1.

COVID-19 Threshold
Variables Normal values
patients (N=162) Deviating N (%)
LVEF (%), mean + M 6245 50
55.549
SD F 64+£5 16 (9.8)
LVEDD (mm), M 50.2+4.1 M <42;F<37.8
45.6+8
mean £ SD F 45.0£3.6 27(16.6)
LVESD (mm), M 32.443.7 M <25;F<21.6
30.8+7
mean = SD F 28.243.3 18(11)
SVI (mL/m?), 33-47 >35
35.6=10
mean = SD 73 (45)
CI (Lmin/m?/), <2.5
2.7£0.8 2.5-4
mean = SD 68 (42)
LAVI (mL/m?), M 25.1+7 <34
34.1+14
mean £ SD F 24.5+6.4 71 (44)
E/e’ average, mean >14
12.3+6 6.8+2.1
+ SD 47 (29)
PAT (msec), mean <100
91.3+23 13724
+ SD 98 (60)
RVEDA (cm?), M 17+3.5 M>24; F>20
19.7+6
mean = SD F 1443 34 (21)
RVESA (cm?), M 943 M>15; F>11
9.1+4
mean = SD F 7+2 13 (8)




RVEDA Index
M 8.8+1.9 M>12.6;F>11.5
(cm?/m?), mean+ | 10.84+4
F 8.0£1.7 40 (25)
SD
RVESA Index
M4.7+1.3 M>7.4; F>6.4
(cm?/m?), mean+ | 4.942
F 4.0+£1.2 305
SD
RVFAC (%), 49+7 <35
55.5+10
mean = SD <35 6(3.5)
TAPSE (cm), 2.4+0.35 <1.7
2.2+0.5
mean + SD 1.8(11)
RV S'(cm/s), <9.5
12.0+43 14.1+2.3
mean + SD 34 (21)

CI, cardiac index; LA, left atrium; LA VI, left atrial volume index; LV, left ventricle;
LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricle ejection fraction;
LVESD, left ventricular end-systolic diameter; PAT, pulmonic acceleration time; RV, right
ventricle; RVEDA, right ventricular end-diastolic area; RVESA, right ventricular end-
systolic area; RVFAC, right ventricular fractional area change; SVI, stroke volume index;

TAPSE, tricuspid annular plane systolic excursion.



Table S2.

Vaccinated/ previous .
Variables infection Non vaceinated P-value
128 >
Age (years), mean £+ SD 72.8416 66.2+ 0.08
Male sex, n (%) 82 (64) 19 (56) 0.38
Blood urea nitrogen (mg/dL), mean + SD 24.3+16 26.9+33 0.66
Creatinine (mg/dL), mean + SD 1.24+1.1 1.24+1.2 0.98
C-reactive protein (mg/L), median [quartiles] 30[10, 93] 66 [29, 144] 0.02
D-dimer (mg/L), mean = SD 2.143 4.449 0.80
Troponin-I (ng/L), median [quartiles] 14.5[5,55] 12.4[4,197] 0.89
Brain natriuretic peptide, median [quartiles]* 24070, 752] 150[51,2108] 0.86
Bilateral infiltrate, n (%) 29(23) 11(32) 0.24
Atrial fibrillation, n (%) 11(8) 8(23) 0.01
ST/T wave changes, n (%) 34 (27) 10 (30) 0.73
Echocardiography
LVEF (%) 55.448 57.946 0.06
LVEDD (mm), mean + SD 46.3+6 44.3+6 0.13
LVESD (mm), mean + SD 31.0+6 29.2+7 0.20
LAVI (mL/m2), mean + SD 35.2+14 33.2+14 0.47
RVEDA index (cm2/m2), mean + SD 11.0£3 10.3+4 0.48
RVESA index (cm2/m2), mean+ SD 5.1+£2 4.7+2 0.53
RVFAC (%), mean + SD 52.6%9 56.9+8 0.11
TAPSE (cm), mean + SD 2.2+0.5 2.240.6 0.87
RV S’ (cm/s), mean = SD 12.0£3.4 11.843.4 0.70
SVI (mL/m2), mean +SD 35.7£10 35.6+12 0.98
CI (L/min/m?), mean = SD 2.7+0.8 2.840.9 0.68
E wave velocity (cm/s), mean = SD 77.8424 76.7+22 0.78
A wave velocity (cm/s), mean=+ SD 71.5422 68.7£19 0.51
E/A ratio 1.12+0.4 1.2+0.7 0.48
e’ septal (cm/s), mean + SD 6.2+1.8 6.5+£2.5 0.53




e’ lateral (cm/s), mean + SD 7.7£2.7
E/e’ average ratio, mean + SD 12.5+6
RAP (mmHg), mean + SD 8.9+7
SPAP (mmHg)*, mean + SD 37.5+12
PAT (msec), mean = SD 90.9+24

8.6+2.9
11.8+7
7.3+4

38.3£11

91.6+25

CI, cardiac index; LA, left atrium; LAVI, left atrial volume index; LV, left ventricle;

LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction;
LVESD, left ventricular end-systolic diameter; PAT, pulmonic acceleration time; RAP, right
atrial pressure; RV, right ventricle; RVEDA, right ventricular end-diastolic area; RVESA,
right ventricular end-systolic area; RVFAC, right ventricular fractional area change; SPAP,

systolic pulmonary artery pressure; SVI, stroke volume index; TAPSE, tricuspid annular

plane systolic excursion.

0.09
0.58
0.15
0.81
0.89



Table S3.

(mL), mean £

SD

Variables Omicron P Wild-type P
Wild-type Omicron
Mild/Mode | value | Severe/Cr value
Mild/Mode Severe/Cri
rate paired itical paire
rate tical
N=94 T test N=54 dT
N=94 N=54
test
LVEF (%), 57.245 56.5+7 0.51 56.1+8 55.348 0.60
mean + SD
LVEDD 42.8+7 46.1+7 0.002 44 .6+8 45.5+7 0.53
(mm), mean =+
SD
LVESD (mm), 26.8+8 30.2+8 0.006 28.949 31.0+6 0.21
mean £+ SD
Stroke volume 58.1£17 66.5+19 0.004 | 60.1%17 64.1+19 0.27
(mL), mean +
SD
Cardiac 4.4+1.6 4.9+1.7 0.03 4.7+1.3 5.1£1.4 0.14
output (L/m?),
mean + SD
LA volume 58.6+23 66.8+31 0.04 70.6£35 59.4+21 0.06




E wave 68.9+£27 75.9422 0.06 65.0+23 81.1£27 | 0.002
(cm/sec),
mean £+ SD
A wave 66.9+£21 69.7+£21 0.40 66.3+£17 71.7+23 0.22
(cm/sec),
mean = SD
E/A ratio, 1.0440.5 1.1740.6 0.14 0.94+0.4 1.14+0.6 0.08
mean = SD
E/e’ average, 11.4+7 11.6+5 0.90 10.1+4 13.4+7 0.005
mean £+ SD
PAT (msec), 85.5+29 97.2425 0.008 | 72.6+17 82.4+19 | 0.009
mean = SD
SPAP 38.7x14 35.5+10 0.37 36.7+13 41.3£14 0.30
(mmHg),
mean + SD *
RAP (mmHg), 8.243 8.9+8 0.56 8.3+4 8.4+4 0.83
mean = SD *
RVEDA 21.145 20.2+7 0.47 21.0£5 19.2+5 0.18
(cm?), mean +
SD
RVESA (cm?), 12.1+4 10.0+5 0.06 13.145 8.2+2 0.006
mean £+ SD
RVFAC (%), 41.4+13 51.0+£9 0.004 | 34.2+13 56.5+£9 <0.00
mean = SD 01




TAPSE (mm), | 2.15+0.5 2.15+0.5 0.92 2.16+0.6 2.23+0.4 0.56

mean = SD

RV S' (cm/s), 10.4+2 11.6+3 0.008 11.243 12.6+4 0.03

mean + SD

MPAP 38.5+15 31.9+12 0.004 | 44.9+10 39.5410 | 0.01
(mmHg),

mean £+ SD

PVR index 240+164 175+136 0.009 313495 258+106 | 0.009
(dynes*s/cm5/
m2), mean +

SD

RVSW (gm 22.8+10 20.6+13 0.30 29.2+11 27.7%12 0.56

m/beat), mean

+ SD

* Assessed only in 36 patients.

LA, left atrium; LVEDD, left ventricle end-diastolic diameter; LVEF, left ventricular ejection
fraction; LVESD, left ventricle end-systolic diameter; MPAP, mean pulmonary artery
pressure; PAT, pulmonic acceleration time; PVR, pulmonary vascular resistance; RAP, right
atrial pressure; RVSW, right ventricle stroke work; RV, right ventricle; RVEDA, right
ventricular end-diastolic area; RVESA, right ventricular end-systolic area; RVFAC, right

ventricular fractional area change; TAPSE, tricuspid annular plane systolic excursion.



Table S4. Echocardiographic characteristics before compared to during acute wild-type
COVID-19 infection.

Pre-Wild type | Acute Infection P value
Variables
N=19 N=19 paired T test
LVEF (%), mean +
54.7+5 54.1+6 0.63
SD
LVEDD (mm), mean
48.9+7 43 .8+6 0.0003
+ SD
LVESD (mm), mean
20.4+5 29.6+6 0.86
+ SD
Stroke volume (mL),
73.9+18 57.4+18 0.01
mean + SD
Cardiac output (L/m?),
4.7£1.6 42+2.9 0.39
mean = SD
LA volume (mL),
63.9+21 62.2+25 0.80
mean £+ SD
E wave (cm/sec),
70.7£19 62.4+21 0.08
mean + SD
A wave (cm/sec),
82.34+20 68.9+19 0.006
mean + SD
E/A ratio, mean + SD 0.91+0.3 0.94+0.4 0.62
E/e’ average, mean +
13.248 10.4+5 0.05
SD
PAT (msec), mean +
111.3+18 87.6+27 0.01
SD




RAP (mmHg), mean +
5.3+1.1 7.743 0.01
SD
RVEDA (cm?), mean
15.7+4 20.8+5 0.0001
+SD
RVESA (cm?), mean
10.443 12.244 0.26
+SD
RVFAC (%), mean +
36.9+7 42.2+12 0.17
SD
TAPSE (mm), mean +
2.2+0.4 2.1+0.7 0.39
SD
RV §'(cm/s), mean +
11.5+2 10.2+2 0.05
SD

LA, left atrium; LV, left ventricle; LVEDD, left ventricular end-diastolic diameter; LVEF,
ejection fraction; LVESD, left ventricular end-systolic diameter; PAT, pulmonic acceleration
time; RAP, right atrial pressure; RV, right ventricle; RVEDA, right ventricular end-diastolic
area; RVESA, right ventricular end-systolic area; RVFAC, right ventricular fractional area
change; SPAP, systolic pulmonary artery pressure; TAPSE, tricuspid annular plane systolic

excursion.



Table S5.

Variables Omicron Wild-type P-value
37 43

Age, years 62.5+£19 60.2+17 0.56
Sex, male (%) 14 (38) 16 (37) 0.96
BSA, mean +SD 1.86+0.2 1.87+0.2 0.75
LVEF (%) 57.4+5 57.845 0.74
LVEDD (mm), mean + SD 45.8+6 42.4+7 0.02
LVESD (mm), mean + SD 30.5+6 27.4+6 0.03
LAVI (mL/m2), mean = SD 31.2+11 27.849 0.04
RVEDA (cm2), mean £+ SD 18.743 19.9+4 0.19
RVESA (cm2), mean + SD 9.244 11.443 0.10
RVFAC (%), mean = SD 52.949 46.9+12 0.10
TAPSE (cm), mean = SD 2.4+0.4 2.4+0.5 0.48
RV S’ (cm/s), mean = SD 13.243.3 11.6+2.2 0.01
SVI (mL/m2), mean + SD 37.7+12 34.3+9 0.08
CI (L/min/m?), mean £+ SD 2.84+0.8 2.6+0.7 0.15
E wave velocity (cm/s), mean £+ SD 74.5£19 61.5+14 0.001
A wave velocity (cm/s), mean=+ SD 63.7x16 58.7+13 0.08
E/A ratio 1.240.5 1.1+0.5 0.19
e’ septal (cm/s), mean + SD 7.5£2.1 6.9+2.0 0.13
e’ lateral (cm/s), mean + SD 9.5+2.9 9.1£2.9 0.57
E/e’ average ratio, mean + SD 9.543 8.1£2 0.02
RAP (mmHg), mean + SD 6.3+4 6.3+2 0.89
PAT (msec), mean £+ SD 92.64+22 85.9+£20 0.09

BSA, body surface area; CI, cardiac index; LA VI, left atrial volume index; LVEDD, left
ventricle end-diastolic diameter; LVEF, left ventricular ejection fraction; LVESD, left
ventricle end-systolic diameter; PAT, pulmonic acceleration time; RAP, right atrial pressure;
RV, right ventricle; RVEDA, right ventricular end-diastolic area; RVESA, right ventricular
end-systolic area; RVFAC, right ventricular fractional area change; SVI, stroke volume

index; TAPSE, tricuspid annular plane systolic excursion.



Table S6.

Odds Ratio P
Odds Ratio
Parameter Combined Interaction
Combined Wild-type
Omicron combined
1.06 (1.01-1.10);
Age 1.04 (1.02-1.07); p=0.0001 0.71
p=0.005
1.11(0.40-3.0);
Sex, male 0.99 (0.48-2.1); p=0.98 0.91
p=0.84
1.002 (0.99- 1.004 (1.0004- 1.008);
Troponin-I 0.02
1.005);p=0.15 p=0.004
COVID 0.58 (0.20-1.65);
NA
therapies p=0.32
0.95(0.90-1.01);
LVEF 1.00 (0.95-1.06); p=0.83 0.36
p=0.13
0.93 (0.88-0.99);
SVI 0.98 (0.94-1.02); p=0.40 0.13
p=0.02*
0.50(0.24-1.09);,
CI 0.94 (0.60- 1.49); p=0.82 0.15
p=0.06
1.12(1.05-1.21);
E/e’ 1.01 (0.95-1.08); p=0.58 0.02
p=0.001
0.98 (0.95-1.03),
LAVI 1.008 (0.98-1.03); p=0.47 0.91
p=0.58
0.52(0.26-1.01);
TAPSE 0.58 (0.37-0.92); p=0.02 0.78
p=0.06
0.82(0.73-0.90);
RV S 0.93 (0.86-1.02); p=0.14 0.03
p<0.001*
1.02 (0.95-1.08);
RAP 1.12 (1.02-1.23); p=0.01 0.07
p=0.59
0.96 (0.94-0.99);
PAT 0.98 (0.96-0.99); p=0.03 0.35
p=0.01*
1.005 (1.001- 1.003 (1.002- 1.006);
PVR index 0.35
1.01);p=0.01%* p=0.02




CI, cardiac index; COVID, coronavirus disease; LAVI, left atrial volume index; LVEF, left
ventricular ejection fraction; PAT, pulmonic acceleration time; PVR, pulmonic vascular
resistance; RAP, right atrial pressure; RV, right ventricle; SPAP, systolic pulmonary artery

pressure; SVI, stroke volume index; TAPSE, tricuspid annular plane systolic excursion.
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