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ARTICLE INFO ABSTRACT

Keywords: Background: Focused transthoracic echocardiography (fTTE) has emerged as a critical diagnostic tool during the

Echocardiography COVID-19 pandemic, allowing for efficient cardiac imaging while minimizing staff exposure. The utility of fTTE

COVID.-19 in predicting clinical outcomes in COVID-19 remains under investigation.

PMrzgzg;ys Methods: We conducted a retrospective study of 2,266 hospitalized patients at Rush University Medical Center
with COVID-19 infection between March and November 2020 who received a fTTE. fTTE data were analyzed for
association with primary adverse outcomes (60-day mortality) and with secondary adverse outcomes (need for
renal replacement therapy, need for invasive ventilation, shock, and venous thromboembolism).

Results: Of the 427 hospitalized patients who had a fTTE performed (mean 62 years, 43% female), 109 (26%) had
died by 60 days. Among patients with an available fTTE measurement, right ventricular (RV) dilation was noted
in 34% (106/309), 43% (166/386) had RV dysfunction, and 17% (72/421) had left ventricular (LV) dysfunction.
In multivariable models accounting for fTTE data, RV dilation was significantly associated with 60-day mortality
(OR 1.93 [CI 1.13-3.3], p = 0.016). LV dysfunction was not significantly associated with 60-day mortality (OR
0.95 [CI: 0.51-1.78], p = 0.87).

Conclusions: Abnormalities in RV echocardiographic parameters are adverse prognosticators in COVID-19 dis-
ease. Patients with RV dilation experienced double the risk for 60-day mortality due to COVID-19. To our
knowledge, this is the largest study to date that highlights the adverse prognostic implications of RV dilation as
determined through fTTE in hospitalized COVID-19 patients.

1. Introduction acute coronary syndrome.[1,2] Given the heightened risk of cardio-

vascular complications from coronavirus disease 2019 (COVID-19),

Several recent studies have highlighted the various cardiovascular especially among at-risk populations such as the elderly, immunocom-
manifestations of the novel SARS coronavirus (SARS-CoV-2) infection, promised, or those with pre-existing cardiac disease, echocardiography
including myocarditis, heart failure, hypertension, arrhythmias, and has proven to be an invaluable tool in enabling early detection of

Abbreviations: ACE2, angiotensin-converting enzyme 2; ARDS, acute respiratory distress syndrome; ASE, American Society of Echocardiography; BNP, B-type
natriuretic peptide; CCE, critical care echocardiography; CI, confidence interval; COVID-19, coronavirus disease 2019; fTTE, focused transthoracic echocardiography;
GLS, global longitudinal strain; IQR, interquartile range; IRB, institutional review board; LV, left ventricle / left ventricular; LVEDD, left ventricular end diastolic
diameter; LVEF, left ventricular ejection fraction; OR, odds ratio; PA, pulmonary artery; PCR, polymerase chain reaction; PLAX, parasternal long-axis view; POCUS,
point-of-care ultrasound; PPE, personal protective equipment; PSAX, parasternal short-axis view; PUI, patient under investigation; RRT, renal replacement therapy;
RV, right ventricle / right ventricular; RVLS, right ventricular longitudinal strain; S’, peak lateral tricuspid annular systolic velocity; SARS-CoV-2, novel SARS
coronavirus; TAPSE, tricuspid annular plane systolic excursion.

* Corresponding author.
E-mail address: joanne.gomez@cshs.org (J.M.D. Gomez).

https://doi.org/10.1016/j.ijcha.2022.100982

Received 17 September 2021; Received in revised form 18 February 2022; Accepted 22 February 2022

Available online 25 February 2022

2352-9067/© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:joanne.gomez@cshs.org
www.sciencedirect.com/science/journal/23529067
https://www.sciencedirect.com/journal/ijc-heart-and-vasculature
https://doi.org/10.1016/j.ijcha.2022.100982
https://doi.org/10.1016/j.ijcha.2022.100982
https://doi.org/10.1016/j.ijcha.2022.100982
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcha.2022.100982&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

J.M.D. Gomez et al.

cardiovascular involvement and to guide critical decision-making. Rush
University System for Health has been at the forefront of pandemic
response in the state of Illinois. It served as a regional and referral
center, catering to the high case numbers in Chicago and surrounding
areas.[3] Thus, in our institution, the pandemic forced a re-evaluation of
existing protocols to maximize benefits to patients and minimize risks to
healthcare workers, congruent to the guidelines released by the Amer-
ican Society of Echocardiography (ASE).[4,5] This was implemented
through use of an abbreviated focused transthoracic echocardiography
(fTTE) protocol, and stringent appropriate use screening, which allowed
for the safest and most efficient use of fTTE technology.[3]

Focused TTE is a powerful diagnostic tool in managing patients with
COVID-19, especially for those at risk for severe cardiovascular com-
plications. However, there remains limited knowledge on specific
echocardiographic findings predictive of adverse outcomes in COVID-19
disease in hospitalized adults. In the ECHOVID-19 study of 214 hospi-
talized patients in Copenhagen, Denmark, who underwent echocardio-
graphic examination, RV and LV function were significantly impaired
compared to matched controls.[6] Reduced global longitudinal strain
(GLS), as a marker of left heart function, was also found to be inde-
pendently associated with mortality from COVID-19.[7] A few smaller
studies have also shown a significant association of RV dysfunction with
increased mortality. Specifically, an abnormal tricuspid annular plane
systolic excursion (TAPSE) and reduced RV longitudinal strain were
powerful predictors of adverse outcomes, carrying approximately
20-30% elevated risk of mortality.[6-8]

This study aimed to evaluate the association of various echocardio-
graphic parameters obtained from a sonographer-performed fTTE with
60-day mortality in COVID-19 disease. We also examined the association
of echocardiographic parameters with defined secondary adverse out-
comes such as the need for renal replacement therapy (RRT), shock,
need for invasive ventilation, and venous thromboembolism. The goal
was to determine the echocardiographic abnormalities that are predic-
tive of adverse outcomes in patients who are hospitalized for COVID-19
infection to provide critical insight from risk stratification, prognostic,
and possibly, therapeutic standpoints. To our knowledge, this is the
largest retrospective study examining the association of multiple echo-
cardiographic abnormalities obtained from fTTE with 60-day adverse
clinical outcomes.

2. Methods
2.1. Patient population

We conducted a retrospective study of 2,266 hospitalized adult pa-
tients, 18 years or older, at Rush University System with COVID-19
infection between March and November 2020. Rush University System
for Health includes the Rush University Medical Center, a 664-bed ter-
tiary academic medical center, and the Rush Oak Park Hospital, a 201-
bed affiliated community hospital in Illinois, USA. For patients included
multiple times in the registry, only the last hospitalization was included
in the analysis.

2.2. Study conduction and data extraction

The study protocol was approved by the Institutional Review Board
(IRB). The overall study cohort is comprised of a set of patients identified
as Patients Under Investigation (PUls) by a custom chronic disease
registry that Rush implemented to track its COVID-19 patient popula-
tion from the onset of the outbreak. Clinical data for the patient cohort
was obtained from documentation queries executed on clinical data
warehouses (Caboodle and Clarity) in Rush Epic electronic medical re-
cord application. The cohort was then filtered to include only confirmed
COVID-19 positive patients either by polymerase chain reaction (PCR)
testing or point-of-care rapid testing.
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2.3. Acquisition of fTTEs

Since the time of the COVID-19 outbreak, Rush has been central in
piloting the use of point-of-care ultrasound and fTTE to achieve focused
and high-yield cardiovascular evaluations. We included all in-patients
who received a TTE. TTE orders placed by the inpatient service based
on specific clinical indications went through an additional screening
process by Cardiology physicians to determine appropriate use.[3]
Appropriate use was defined as critically ill cases where echocardio-
graphic knowledge was deemed to affect clinical management. This
included but were not limited to cases where there was concern for
decompensated heart failure, myocardial infarction, or acute pulmonary
embolism. An abbreviated protocol enabled quick bedside evaluations
by Cardiology fellows, attendings, or sonographers while reducing the
time of exposure and number of personal protective equipment utilized.
The Rush fTTE COVID protocol is comprised of the following: (1) par-
asternal long-axis view (PLAX), (2) parasternal short-axis view (PSAX)
at the basal, mid-, and apical views, (3) apical 4-chamber/apical 5-
chamber views, (4) apical 3-chamber views, (5) apical 2-chamber view,
and (6) subcostal view.[3] Thereafter, all subsequent TTE data were
manually reviewed and extracted. Only the first fTTE was analyzed per
hospitalization. All TTEs were manually reviewed by two physicians
who were blinded to the patients’ clinical history. TTE data might be
missing when the image quality did not allow for measurement of the
specific parameters or when the views were not acquired by the cardiac
sonographer or cardiologist performing the study.

2.4. Outcomes and measures

The primary outcome was 60-day mortality. The secondary out-
comes were adverse events that occurred within 60 days of admission,
namely the need for renal replacement therapy, shock, need for invasive
ventilation and venous thromboembolism. Venous thromboembolism
was defined as the occurrence of stroke, pulmonary embolism, or deep
venous thrombosis. Abnormal RV and LV size and function definitions
were derived from current chamber quantification guidelines set forth
by the American Society of Echocardiography.[9] In brief, abnormal RV
size was defined as RV basal diameter > 41 mm; abnormal RV function
was defined as TAPSE < 17 mm, $° < 9.5 cm/s, or qualitative RV
dysfunction assessed by an experienced attending cardiologist.
Abnormal LV ejection fraction (LVEF) was defined as LVEF < 50% and
LV dilation as left ventricular end diastolic diameter (LVEDD) > 58.4
mm for males or > 52.2 mm for females.

2.5. Statistical analysis

Categorical variables are represented as numbers and percentages.
Continuous variables are represented as medians with interquartile
ranges (IQR). An independent Wilcoxon rank sum test was used to
compare continuous variables. A Chi-square test of independence
without continuity correction was used to compare categorical variables
with >5 occurrence per cell and a Fisher exact test to compare cate-
gorical variables with <5 occurrence per cells (R package gtsummary).
[10] Before logistic regression analyses, missing data for important
covariables was imputed using multiple imputation with chain equa-
tions (R package MICE) for 10 datasets and 10 iterations.[11] All
baseline data listed in Table 1 were used for imputation. Outcome data
were used for the imputation but were not themselves imputed as
complete data was available for all patients. Convergence of the algo-
rithm and distribution of the imputed data points were verified in
diagnostic plots.

Following imputation, logistic multivariable analyses were per-
formed to evaluate the relative association of RV and LV parameters
with the respective outcomes. The models were multivariable, assessing
for RV and LV function and size simultaneously. This model design was
chosen in order to assess the relative importance of RV against LV
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Table 1
Baseline Demographics and Outcomes in All Patients with a TTE Conducted
during Admission.

Characteristic N N = 427!

Age 427 61.87 (15.03)
Sex 427

Male 243 / 427 (57%)
Female 184 / 427 (43%)
Atrial fibrillation 421 136 / 421 (32%)
(Missing) 6

CAD 421 183 / 421 (43%)
(Missing) 6

HTN 421 321 / 421 (76%)
(Missing) 6

Valvular disease 421 138 / 421 (33%)
(Missing) 6

CHF 425 81 /425 (19%)
(Missing) 2

CKD 425 122 /425 (29%)
(Missing) 2

CKD on dialysis 421 82/ 421 (19%)
(Missing) 6

COPD 421 46 / 421 (11%)
(Missing) 6

DM 421 238 / 421 (57%)
(Missing) 6

HLD 421 251 / 421 (60%)
(Missing) 6

Asthma 421 53 /421 (13%)
(Missing) 6

Cancer 421 56 /421 (13%)
(Missing) 6

Stroke 421 95 / 421 (23%)
(Missing) 6

Pacemaker or ICD 421 19 / 421 (4.5%)
(Missing) 6

RV size 309  38.66 (9.10)
(Missing) 118

TASPE 268  19.75 (5.46)
(Missing) 159

Elevated PA pressure 260

Normal 150 / 260 (58%)
Elevated 110 / 260 (42%)
(Missing) 167

PASP (measured) 192 38.58 (15.11)
(Missing) 235

RAP 187  8.00 (3.00, 15.00)
(Missing) 240

Dilated RV cavity 427

Normal 360 / 427 (84%)
Dilated 67 / 427 (16%)
LVEF 421 57.58 (11.56)
(Missing) 6

LVEDD 278 4511 (7.74)
(Missing) 149

Pericardial effusion (%) 420

Absent 416 / 420 (99%)
Present 4 /420 (1.0%)
(Missing) 7

RV function (Abnormal S’ or TAPSE or abnormal by 386
visual estimation. Definition: TAPSE < 17 mm or

S’ < 9.5 cm/s)
Normal 220 / 386 (57%)
Abnormal 166 / 386 (43%)
(Missing) 41

LVEDD (Definition: LVEDD > 58.4 mm (male) or > 278
52.2 mm (female))

Normal 256 / 278 (92%)
Abnormal 22 / 278 (7.9%)
(Missing) 149

LVEF (Definition: LVEF < 50%) 421

Normal 349 / 421 (83%)
Abnormal 72/ 421 (17%)

(Missing) 6

RV size (Definition: RV basal diameter > 41 mm) 309

Normal 203 / 309 (66%)
Abnormal 106 / 309 (34%)
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Table 1 (continued)

Characteristic N N = 427!

(Missing) 118

RV by visual estimation 378

Normal 302 / 378 (80%)

Abnormal 76 / 378 (20%)

(Missing) 49

Wall motion abnormalities 404 56 / 404 (14%)

(Missing) 23

Takotsubo or stress cardiomyopathy 406 6/ 406 (1.5%)

(Missing) 21

Composite outcome: Invasive ventilation, death at 427 249 / 427 (58%)
60d, shock, thromboembolism or need for RRT

Death at 60 days 427 109 / 427 (26%)

Invasive ventilation 427 207 / 427 (48%)

RRT 427 85 / 427 (20%)

Shock 427 181 / 427 (42%)

Thromboembolic event 427 42 / 427 (9.8%)

IMedian (p25, p75), mean (sd) or Frequency (%)

Abbreviations: CAD, coronary artery disease; HTN, hypertension; CHF,
congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstruc-
tive pulmonary disease; DM, diabetes mellitus; HLD, hyperlipidemia; ICD,
implantable cardioverter defibrillator; RV, right ventricular; TAPSE, tricuspid
annular plane systolic excursion; PA, pulmonary artery; PASP, pulmonary artery
systolic pressure; RAP, right atrial pressure; LVEF, left ventricular ejection
fraction; LVEDD, left ventricular end diastolic diameter; S’, peak lateral tricuspid
annular systolic velocity; RRT, renal replacement therapy.

parameters for patient outcomes. Regression analysis was performed on
all ten imputed datasets and results were pooled applying Rubin’s rule.
The threshold for p-value significance was set to 0.05. All statistical
analysis was performed using RStudio version 1.3 (Boston,
Massachusetts).

3. Results

From March to November 2020, 2,266 patients were hospitalized
with a confirmed COVID-19 infection. A total of 427 patients (18.8%)
underwent a TTE during their hospital stay. The mean age was 61 years,
and 43% were female. The tables show the baseline characteristics of the
patients for the overall cohort (Table 1) and depending on the RV size
(Table 2) and function (Supplemental Table 1).

Overall, 249 patients (58%) experienced the composite outcome of
invasive ventilation, death at 60 days, shock, thromboembolism or need
for RRT. The need for invasive ventilation was the most common
component of the composite outcome, accounting for 207 patients
(48%).

Of 427 patients, 309 had an RV size measurement (72.3%) recorded.
Of these, 106 patients (34%) were documented to have an abnormal RV
size (Table 2). These patients were more often males but presented with
similar comorbidities as compared with patients with a normal RV size.
Those with abnormal RV size also had higher pulmonary artery (PA)
pressures but LV function was comparable. With the exception of inva-
sive ventilation, all other analyzed outcomes (death at 60 days, need for
RRT, shock, and thromboembolic events) were more prevalent among
patients with an abnormal RV size.

For 386/427 patients (90.3%), an assessment of RV function could be
made by qualitative or quantitative parameters (Supplemental Table 1).
Among these patients, 166 (43.0%) were documented to have abnormal
RV function as per quantitative or qualitative evaluation; this subset also
more often presented with atrial fibrillation. Those with abnormal RV
function also presented with higher PA pressures and with more dilated
RVs. Patients with functional RV impairment presented with normal LV
function and size. Patients with abnormal RV function more frequently
required invasive ventilation and presented with shock more often.

Fig. 1 shows the key findings of the multivariable model accounting
for right- and left-sided echocardiographic parameters as they relate to
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60-day mortality. Of all parameters tested, only abnormal RV size
significantly predicted death at 60 days of follow-up, with OR 1.93 (95%
CI 1.13 - 3.3, p = 0.016). Neither LV size, LV function, or RV function
were determined to be significantly associated with an increased mor-
tality risk (p = 0.096, p = 0.87, p = 0.016, respectively).

In addition, abnormal RV size significantly predicted almost all
clinical outcomes, except the need for mechanical ventilation (Supple-
mental Figures 1-4). An abnormal RV size not only increased the risk of
death; this finding was also associated with increased risk of RRT by
2.35 (95%-CI 1.31-4.21, p = 0.004), shock by 1.81 (95%-CI 1.03-3.18,
p = 0.039) and thromboembolism by 2.31 (95%-CI 1.37-3.88, p =
0.002). When assessing RV size, the incremental information provided
by RV function did not help with further risk stratification, except for the
prediction of shock, where abnormal RV function significantly increased
the risk of shock (OR 1.57, 95%-CI 1.04-2.37). Similarly, when already
accounting for right-sided parameters, the left-sided parameters were
not significant predictors for any of the secondary outcomes.

4. Discussion

Point-of-care ultrasound (POCUS), focused transthoracic echocardi-
ography (fTTE), and critical care echocardiography (CCE) have all
played crucial roles in the management of patients with COVID-19
across the spectrum of clinical illness severity.[12] In critically ill pa-
tients with COVID-19, echocardiography can readily and rapidly detect
cardiovascular complications in various clinical scenarios. For example,
echocardiographic assessment of left ventricular (LV) systolic function
can help distinguish cardiac vs. non-cardiac dyspnea when elevated
cardiac biomarkers are present in patients with concomitant pulmonary
disease and cytokine storm. TTE can also provide information about the
status of the right ventricle, which is of relevance given the susceptibility
of patients with COVID-19 to venous thromboembolism, acute respira-
tory distress syndrome, pulmonary embolism, and acute cor pulmonale.
Lastly, in patients with elevated cardiac biomarkers and concern for
myocardial injury, focused evaluation of the left ventricle can assess for
wall motion abnormalities and guide timely intervention.[12] This
study aimed to identify echocardiographic findings associated with
adverse clinical outcomes in hospitalized COVID-19 patients. Specific
echocardiographic parameters were identified as providing important
prognostic information in this sub-population of hospitalized COVID-19
patients.

COVID-19 causes cardiac injury and manifests in several ways,
including heart failure, myocarditis, arrhythmias, acute coronary syn-
dromes, and other conditions.[13] Some reports state that up to 20-25%
of patients with COVID-19 experience cardiovascular complications,
which is also associated with increased overall mortality.[13] Proposed
mechanisms of COVID-19-induced cardiac injury include cytokine-
mediated damage, hypoxemia secondary to a misbalance of oxygen
supply and demand, microvascular injury leading to ischemia, and
direct SARS-CoV-2 invasion of myocardial tissue via ACE2 receptors.
[14] While signs of myocardial injury can be evident through elevated
cardiac biomarkers such as troponin or brain natriuretic peptide,
transthoracic echocardiography can be used to characterize functional
and structural abnormalities of the heart.[15] In a recent international
study, patients with myocardial injury had more abnormal echocardi-
ography findings than those without myocardial injury. The spectrum of
echocardiographic abnormalities described in COVID-19 include LV
dysfunction, wall motion abnormalities, RV dysfunction, diastolic
dysfunction, and pericardial effusions.[15]

The key findings of our study are as follows. First, RV dilation was an
independent prognostic factor associated with increased mortality in our
cohort. A third (106/309) had RV dilation, which was significantly
associated 60-day mortality (OR 1.93 [CI 1.13-3.3], p = 0.016). This is
similar to results from a study by Kim et al., which showed that 172/510
(34%) of study patients had an abnormal RV size.[16] RV dilation in
COVID-19 disease is thought to be a compensatory reaction to increased

1JC Heart & Vasculature 39 (2022) 100982

Table 2
Normal vs. Abnormal Right Ventricular size — Baseline Demographics and
Outcomes.

RV size

Variable N Overall, Normal, Abnormal, p-
N=309" N=203" N=106 value?

Age 309 61.44 61.22 61.88 >0.9
(14.66) (15.21) (13.62)

Sex 309 <0.001

Male 176 / 100 / 76 /106
309 203 (72%)
(57%) (49%)

Female 133/ 103/ 30 /106
309 203 (28%)
(43%) (51%)

Atrial fibrillation 307 106/ 62 /201 44 /106 0.062
307 (31%) (42%)
(35%)

(Missing) 2 2 0

CAD 307 150/ 96 / 201 54 /106 0.6
307 (48%) (51%)
(49%)

(Missing) 2 2 0

HTN 307 239/ 157/ 82 /106 0.9
307 201 (77%)
(78%) (78%)

(Missing) 2 2 0

Valvular disease 307 116/ 73/ 201 43 /106 0.5
307 (36%) (41%)
(38%)

(Missing) 2 2 0

CHF 308 66 / 308 40 / 202 26 /106 0.3
(21%) (20%) (25%)

(Missing) 1 1 0

CKD 308 93 /308 57 / 202 36 /106 0.3
(30%) (28%) (34%)

(Missing) 1 1 0

CKD on dialysis 307 69 / 307 41/ 201 28 /106 0.2
(22%) (20%) (26%)

(Missing) 2 2 0

COPD 307 33/307 25 /201 8 /106 0.2
(11%) (12%) (7.5%)

(Missing) 2 2 0

DM 307 176/ 120/ 56 / 106 0.2
307 201 (53%)
(57%) (60%)

(Missing) 2 2 0

HLD 307 187/ 125/ 62 /106 0.5
307 201 (58%)
(61%) (62%)

(Missing) 2 2 0

Asthma 307 40 / 307 27 / 201 13 /106 0.8
(13%) (13%) (12%)

(Missing) 2 2 0

Cancer 307 43 / 307 32 /201 11 /106 0.2
(14%) (16%) (10%)

(Missing) 2 2 0

Stroke 307 76 /307 52 /201 24 /106 0.5
(25%) (26%) (23%)

(Missing) 2 2 0

Pacemaker or ICD 307 16/307 9/201 7 /106 0.4
(5.2%) (4.5%) (6.6%)

(Missing) 2 2 0

RV size 309 38.66 33.65 48.27 <0.001
(9.10) (5.56) (6.45)

TASPE 261 19.78 19.86 19.66 0.8
(5.46) (5.27) (5.77)

(Missing) 48 42 6

Elevated PA pressure 209 0.009

Normal 116 / 77 /122 39/87
209 (63%) (45%)
(56%)

Elevated 93 / 209 45 /122 48 / 87
(44%) (37%) (55%)

(Missing) 100 81 19

PASP (measured) 141 40.51 36.68 45.40 <0.001
(14.63) (11.53) (16.68)

(continued on next page)
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Table 2 (continued)
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Table 2 (continued)

RV size RV size
Variable N Overall, Normal, Abnormal, p- Variable N Overall, Normal, Abnormal, p-
N=309" N=203" N=106 value? N=309" N=203" N=106 value?
(Missing) 168 124 44 RV by visual 291 <0.001
RAP 182 8.00 3.00 8.00 (3.00, 0.005 estimation
(3.00, (3.00, 15.00) Normal 224 / 161 / 63 /106
15.00) 8.00) 291 185 (59%)
(Missing) 127 94 33 (77%) (87%)
Dilated RV cavity 309 <0.001 Abnormal 67 / 291 24 /185 43 /106
Normal 250 / 186 / 64 /106 (23%) (13%) (41%)
309 203 (60%) (Missing) 18 18 0
(81%) (92%) Wall motion 294 43 / 294 27 /192 16 /102 0.7
Dilated 59,309 17/203 42/106 abnormalities (15%) (14%) (16%)
(19%) (8.4%) (40%) (Missing) 15 11 4
LVEF 305 58.01 58.86 56.43 0.4 Takotsubo or stress 297 3/297 2/19 1/101 >0.9
(11.76) (10.46) (13.79) cardiomyopathy (1.0%) (1.0%) (1.0%)
(Missing) 4 4 0 (Missing) 12 7 5
LVEDD 219 44.68 43.45 46.83 0.008 Composite outcome: 309 194 / 119/ 75/ 106 0.036
(7.82) (7.59) (7.79) Invasive ventilation, 309 203 (71%)
(Missing) 90 64 26 death at 60d, shock, (63%) (59%)
Pericardial effusion 306 >0.9 thromboembolism
(%) or need for RRT
Absent 302/ 198 / 104 / 105 Death at 60 days 309 75/309 39/203 36/106 0.004
306 201 (99%) (24%) (19%) (34%)
(99%) (99%) Invasive ventilation 309 164 / 100 / 64 /106 0.063
Present 4/ 306 3/201 1/105 309 203 (60%)
(1.3%) (1.5%) (1.0%) (53%) (49%)
(Missing) 3 2 1 RRT 309 72 /309 34 /203 38 /106 <0.001
RV function 261 >0.9 (23%) (17%) (36%)
(Abnormal S’ or Shock 309 147 / 83 /203 64 /106 0.001
TAPSE. Definition: 309 (41%) (60%)
TAPSE < 17 mm or (48%)
S’ < 9.5 cm/s) Thromboembolic 309 35/309 17/203 18/106 0.023
Normal 207 / 128 / 79 / 100 event (11%) (8.4%) (17%)
261 161 (79%) IMedian (p25, p75), mean (sd) or Frequency (%)
(79%) (80%) 2Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test
Abnormal 54/261 33/161  21/100 — - -
(21%) (20%) (21%) Abbreviations: CAD, coronary artery disease; HTN, hypertension; CHF,
(Missing) 48 42 6 congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstruc-
RV function 173 0.6 tive pulmonary disease; DM, diabetes mellitus; HLD, hyperlipidemia; ICD,
(Abnormal S’. implantable cardioverter defibrillator; RV, right ventricular; TAPSE, tricuspid
Definiton: S’ < 9.5 annular plane systolic excursion; PA, pulmonary artery; PASP, pulmonary artery
cm/s) systolic pressure; RAP, right atrial pressure; LVEF, left ventricular ejection
Normal 93/173  54/104 39769 fraction; LVEDD, left ventricular end diastolic diameter; S’, peak lateral tricuspid
(54%) (52%) (57%) annular systolic velocity; RRT, renal replacement therapy. Bold p-values are
Abnormal 80/173 50/104  30/69 - L
(46%) (48%) (43%) statistically significant.
(Missing) 136 929 37
RV function 261 >0.9 RV afterload due to COVID-19-mediated hypoxia and increased pul-
]()Al;i“‘?:mélTl;ﬁ)PssEE' monary circulation requirements. The right ventricle is composed of thin
1; I::Ilnon’ < walls that are typically exposed to low pulmonary vascular resistance. In
Normal 188/ 116 / 72 /100 comparison, the left ventricle routinely functions against high systemic
261 161 (72%) resistance.[16] In acute respiratory distress syndrome (ARDS), a com-
(72%) (72%) mon sequela of COVID-19 infection, pulmonary vascular resistance and
Abnormal 73/ 261 45 /161 28 /100 s . . .
28%) (28%) 28%) VaSO(':Ol'lStI‘ICtIOIl in the lungs are pronounced d.ue to hypoxia, hyper-
(Missing) 48 42 6 capnia, and general pulmonary vascular remodeling. These changes can
LVEDD (Definition: 219 0.5 increase RV afterload and RV wall stress, leading to dilation and
LVEDD > 58.4 mm dysfunction.[17]
(male) or > 52.2 mm The second key finding of this study is the preponderance of RV
(female)) . . e s . .
Normal 203 / 130 / 73 /80 dysfunction in the cohort of hospitalized patients with COVID-19. In our
219 139 (91%) study, 166 out of 386 patients (43%) had evidence of RV dysfunction,
(93%) (94%) measured either subjectively or quantitatively. RV dysfunction was
Abnormal 16 /0219 9/ 1039 7/ f:O significantly associated with shock (OR 1.57 [CI 1.04-2.37], p = 0.031).
(Missing) ;2’3 %) (664'5 %) ;86’8 %) Several studies have found that RV strain and TAPSE were associated
LVEF (Definition: 305 0.058 with higher rates of mortality.[7] Li et al. recently conducted a study
LVEF < 50%) that included 120 COVID-19 patients and reported similar prognostic
Normal 253/ 171/ 82 /106 findings.[8] They found that patients with reduced RV function as
(3;)35%) 389:%) @7%) assessed by RV longitudinal strain (RVLS) and TAPSE had a higher risk
Abnormal 52,305 28,199 24 /106 of dying than those with preserved RV function. Additionally, RVLS was
(17%) (14%) (23%) able to predict mortality risk independent of other echo parameters. In
(Missing) 4 4 0 another study, decreased RV function was shown to be an independent

predictor of death from all causes, with an almost two-fold increase in
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0.28 [0.06; 1.26] p: 0.096

0.95[0.51; 1.78] p: 0.87

0.921[0.57; 1.49] p: 0.74
1.93[1.13;3.3] p:0.016

Abnormal LVEDD f—
Abnormal LVEF f——
Abnormal RV function =
Abnormal RV size pP——
0 1‘ 2 3

Fig. 1. Forest Plot — 60-Day Mortality.

Legend: Odds ratios with 95% confidence intervals and corresponding p-values shown, Abnormal LVEDD: > 58.4 mm (male) or > 52.2 mm (female), Abnormal
LVEF: < 50%, Abnormal RV Function: TAPSE < 17 mm or S’ < 9.5 cm/s or visual RV dysfunction, Abnormal RV Size: RV basal diameter > 41 mm.

mortality hazard.[18] While the exact pathophysiologic mechanisms of
COVID-19-related RV dysfunction remain obscure, some suggest that
myocardial injury from diffuse inflammation triggered by COVID-19
infection plays a significant role.[16]

Another compelling finding of our study was the lack of significance
of LV echocardiographic parameters in disease prognostication. Out of
427 echocardiograms in our cohort, abnormal LVEF, defined as LVEF of
<50%, was seen in a minority of patients (17%). Our study showed that
LV dysfunction was not a significant prognosticator of 60-day mortality
with odds ratio 0.95 (CI: 0.51-1.78, p = 0.87). This finding is in line with
previous studies, as in a systemic echocardiographic study conducted
by Szekely et al., where abnormal LVEF was seen in only 10% of patients
with COVID-19 unrelated to disease severity.[13] LV function is typi-
cally preserved or hyperdynamic in patients with COVID-19. When LV
function is abnormal, it may be secondary to RV volume overload and
excess pressure due to ventricular interdependence.[18]

Recent studies from China and New York have suggested that RV
parameters such as dilation, longitudinal strain, ejection fraction by 3D
echocardiography are correlated with adverse outcomes in COVID-19
infection.[8,19,20] These findings, while from relatively small studies
of 110-128 patients, are congruent to findings of our study and further
support the importance of RV dilation as a marker of severe COVID-19
illness. Currently, robust data on the utility of fTTE in the time of
pandemic remains scarce. The higher power offered by our study in a
US-based cohort adds to the body of knowledge in the area of fTTE
utilization in COVID-19 disease prognostication. To date, our study is
the largest retrospective analysis of multiple echocardiographic abnor-
malities as they relate to 60-day adverse clinical outcomes.

5. Limitations

This study has several limitations. First and foremost is the issue of
referral bias. Echocardiograms were obtained according to widely
accepted criteria as defined by clinical protocols implemented during
the COVID-19 surge at our institution.[3,21] To limit unnecessary
exposure to healthcare personnel, examinations that require close con-
tact, such as echocardiograms, were limited to the acutely ill and, often,
those with increased disease severity. TTEs were reserved for patients
with high suspicion for significant cardiopulmonary comorbidities such
as heart failure, pulmonary embolism, or acute coronary syndrome,
according to guidelines provided by ASE.[5] Thus, these factors limit the
generalizability of this study to the entire spectrum of patients with
COVID-19; the results of this study are most reflective of hospitalized,
symptomatic unvaccinated patients with COVID-19 infection.

Second, another limitation of the study is the abbreviated fTTE
protocol instituted in Rush University Medical Center. The echocardio-
grams were performed as abbreviated and focused studies, designed to
glean important, clinically relevant information while limiting exposure
of frontline staff and sonographers. Imaging views were limited in the
COVID-19 cohort to those that would specifically address the clinical
question and guide decision-making. Advanced parameters such as RV
and LV strain were not performed to decrease exposure times. Conse-
quently, more detailed variables of interest were not performed or
available for review and analysis. Further systematic studies of the RV
with detailed quantitative assessment using tools such as three-
dimensional RV ejection fraction and RV longitudinal strain can be
considered.

Third, the quality of imaging that could be obtained from the studied
patients was not always optimal. Several patients, particularly in
intensive care units, had difficult echocardiographic windows and
limited visualization of cardiac structures. We believe that these tech-
nical issues are reflective of a real-world scenario with a sicker, hospi-
talized population.

Fourth, the study was focused on the identification of echocardio-
graphic parameters of most prognostic significance. Potential con-
founders that were not corrected for are due to the limited power of the
study, including age, sex, and hypertension. This should be taken into
consideration in the interpretation of this study’s findings.

6. Conclusions

Abnormalities in RV parameters assessed by focused cardiovascular
ultrasound were strong adverse prognosticators in COVID-19 disease.
Interestingly, LV abnormalities did not provide prognostic information
in our study. Patients with RV dilation have almost twice the risk for
both in-hospital and 60-day mortality from COVID-19 disease. RV
dilation is also significantly associated with an increased incidence of
shock and venous thromboembolism, as well as an increased need for
RRT.

RV dysfunction, measured either qualitatively or quantitatively with
abnormal TAPSE or S’, showed a significant association with shock.
While this study did not show a significant correlation between RV
dysfunction and mortality, there was a trend to significance towards
secondary adverse outcomes such as invasive ventilation.

To our knowledge, this is the largest study to date that validates the
strong clinical prognostic power of RV dilation and dysfunction in
hospitalized patients with COVID-19.
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