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evaluation of patients with severe COVID-19 at a large quaternary care hospital in New Jersey.
Methods: Clinical, biochemical, and echocardiographic features of consecutive patients with severe
COVID-19 undergoing echocardiography were studied. Clinical outcomes data including length of stay,
requirement of mechanical ventilation, and in-hospital mortality were collected.

Results: 987 patients with confirmed COVID-19 infection were treated at our institution of which 197
consecutive patients (20%) underwent echocardiographic evaluation. The median age of the cohort was
64 years. 38% of these patients were females, 23% had known CAD, and 21% had CKD. 55% of
patients required mechanical ventilation and 49% required vasopressors, representing a critically-ill
patient population with significant mortality of 44% during the index hospitalization. There was a high
prevalence of echocardiographic abnormalities including right ventricular dilation (30%) or dysfunction
(23%), left ventricular dysfunction (24%), and pericardial effusion (14%). Multiple biomarkers including
troponin T, pro-BNP, D-dimer and CRP were strongly associated with echocardiographic abnormalities
and in-hospital mortality. On Cox regression analysis, age (HR 1.03/year),pre-existing CAD (HR 2.7),
and mechanical ventilation (HR 2.64) were the strongest independent predictors of in-hospital mortality.
Conclusions: Severe COVID-19 infection is accompanied by a significant burden of echocardiographic
abnormalities that are strongly correlated with higher degrees of inflammation and biomarker elevation.
Additional investigation is warranted in assessing the role of a biomarker-guided approach for early
cardiac surveillance using echocardiography to further risk stratify patients and tailor adjunctive therapy.
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arrhythmias, and cardiomyopathy [3]. Right-
sided heart failure as a result of massive
pulmonary embolism (PE) due to COVID-19
has been documented in several recent reports
[4,5]. Right ventricular (RV) dysfunction has
also recently been shown to be a predictor of
mortality [6].

evolve and has had a profound impact with
millions of fatalities globally. The incidence,
prevalence, and potential mechanisms of
cardiovascular manifestations in COVID
19 patients remain an area of active
investigation. Patients with cardiovascular
disease are more susceptible to COVID-19
and have a more severe clinical course once
infected [1]. However, it is not known if the
presence of cardiovascular disease poses
independent risk or whether higher rates of

Given the significant risk of exposure to
COVID-19 and potential contamination of
equipment, echocardiographic evaluation is
not frequently performed in these patients
observed adverse outcomes are confounded despite biochemical evidence of myocardial
by other concomitant factors such as injury. As such, while there are multiple
increased age or comorbid conditions. reports of cardiac involvement in COVID-19,
Multiple studies, mostly emanating from  further evaluation of the potential clinical,
China, have demonstrated myocardial injury biochemical) and echocardiographic
with cardiac biomarker elevation in 7-28%
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correlates in COVID-19 is necessary.

Asalarge quaternary care hospital in the state of New Jersey,
we were able to gain unique insight into the clinical course,
cardiovascular manifestations, and outcomes of patients with
severe COVID-19 infection. The purpose of this study was
to evaluate the prevalence of cardiovascular abnormalities
identified on transthoracic echocardiography, their association
with baseline cardiovascular risk factors and the potential role
of clinical and laboratory features as predictors of mortality in
critically ill patients with severe COVID-19 pneumonia.

Methods
Study population

This observational study was performed at Rutgers Robert
Wood Johnson University Hospital in New Jersey, USA. 197
consecutive adult patients with severe COVID-19 infection
who underwent transthoracic echocardiography from March
17,2020 to July 12, 2020 were studied. The study was approved
by the Rutgers Robert Wood Johnson Medical School
institutional review board.

Study population
Patient demographics, medical history, laboratory
examinations, comorbidities, treatments, and outcomes

were retrieved from electronic medical records. Cardiac
biomarkers measured on admission, closest to the time of
echocardiography and peak values included troponin T, pro
B-type natriuretic peptide (pro BNP), ferritin, D-dimer, C
reactive protein (CRP) and triglyceride levels were recorded.
The data was independently reviewed and collected in a
database. The final follow-up date was July 24, 2020 at which
point complete follow up was obtained for all 197 patients.

Study population

Bedside transthoracic echocardiographic examinations
were performed in all patients with the EPIQ ultrasound
systems (Philips Medical Systems, Andover, MA, USA).
Limited 2D and Doppler echocardiography were performed
based on the laboratory’s pandemic policy. Standard views
were acquired to assess LV and RV function, valves (if
indicated) and pericardial effusion. Left ventricular (LV) end-
systolic volume (ESV) and end-diastolic volume (EDV), and
ejection fraction (EF) were measured by biplane Simpson’s
method. RV size was determined from the apical 4-chamber
view. Opacifying agents were used if more than 2 consecutive
wall segments were not well visualized. Acquired Images were
analyzed by two independent observers blinded to clinical and
outcomes data.

Study population

Continuous numeric variables were expressed as mean + SD
or medians (IQR) and compared with a two-sample t test and
one-way analysis of variance (for normally distributed data), or
Mann-Whitney test and Kruskal-Wallis test (for non-normal
distribution of data). Categorical variables were expressed as
frequency number (%) and compared using x 2 test or Fisher’s
exact test. Survival curves were obtained by the Kaplan-Meier
analysis and compared using log-rank test. Receiver operator
characteristics (ROC) analysis was undertaken to compute the
best predictive threshold of significant biomarker elevation for
mortality prediction. Estimations of mortality predictors were
performed using univariate and multivariate Cox regression
models. All statistical calculations were performed using
MedCalc Statistical Software version 19.2 (MedCalc Software,
Ostend, Belgium; http://www.medcalc.org; 2020).

Table 1. Baseline characteristics

All (N=197) Alive (N=110) Dead (N=87) P Value
Age 64(IQR 55-73) 61(52-72) 65(58-75) 0.02
Males 123(62%) 63(57%) 60(69%) 0.09
Race
Hispanic 71(37%) 30 (30%) 41(47%)
African American 32 (16%) 20 (18%) 12 (14%) NS
Caucasian 62 (31%) 36 (33%) 26(30%)
Asian 32 (16%) 18 (16%) 14 (16%)
Diabetes 92(46%) 45(41%) 47(54%) 0.06
Hypertension 132(67%) 75(68%) 57(66%) 0.69
Dyslipidemia 77(39%) 37(34%) 40(46%) 0.07
CAD 45(23%) 15(14%) 30(34%) 0.0006
CHF 24(12%) 13(12%) 11(13%) 0.41
COPD 21(11%) 14(13%) 7(8%) 0.29
Atrial fibrillation 24(12%) 17(15%) 7(8%) 0.11
CKD 41(21%) 16(15%) 25(29%) 0.005
Smoking 13(6%) 7(6%) 6(7%) 0.76
Fevers>101 F 114(58%) 57(52%) 57(65%) 0.05
Mechanical Ventilation 109(55%) 41(37%) 68(78%) <0.0001
Pressors 97(49%) 32(29%) 65(75%) <0.0001

*CAD= coronary artery disease; CHF= congestive heart failure; COPD= chronic obstructive pulmonary disease; CKD= chronic kidney disease
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Results

Clinical characteristics

Clinical characteristics of patients with COVID-19
are shown in Table 1. The mean age of COVID-19 patients
was 64 years, 123 (62%) patients were men. 36% of patients
were Hispanic, 31% Caucasian, 16% Asian and 16% African
American. Hypertension was present in 67%, coronary artery
disease (CAD) in 23%, diabetes in 46%, and chronic kidney
disease (CKD) in 21% of patients. 55% required mechanical
ventilation at some point during their hospitalization and half
of all patients required vasopressor support. Body mass index
(BMI) was similar in both groups.

Patients who died were older, had history of CAD (34%
versus 14%), CKD (29% versus 15%), and were more likely to be
febrile with temperatures greater than 101 degrees Fahrenheit,
mechanically ventilated or on vasopressors. (Table 1)

In-hospital medications

Table 2 shows the different medications utilized during
the study period, many of which were part of clinical trials,

at our institution. 56% of patients were treated with systemic
steroids and 75% were receiving therapeutic anticoagulation.
Hydroxychloroquine, tocilizumab and remdesivir were used
in 48%, 34% and 11% of patients respectively. There were
no mortality differences in the use of COVID-19-specific
treatments, however there was a significantly higher use of
vasopressor medications in patients who died (75% vs 29%; p
<0.0001). 29% of all patients were on angiotensin converting
enzyme inhibitors/angiotensin receptor blockers (ACEi/ARB)
and while not statistically significant, there was a trend towards
increased mortality in patients taking ACEi/ARB (40% versus
24%; p = 0.06).

Biomarkers

Patients who died had significantly higher Creatinine,
peak Pro-BNP, RP, D-dimer, ferritin and triglyceride levels
compared to those who survived as shown in Table 3A. Table
3B demonstrates the predictive threshold of 6 biomarkers (CRP,
D-Dimer, Ferritin, Pro-BNP, Troponin T, and Triglyceride) for
mortality prediction as computed on ROC analysis.

Table 2. In Hospital Medications

Medication Overall Alive Dead P-value
Hydroxychloroquine 94(48%) 49(44%) 45(52%) 0.07
Azithromycin 39(20%) 25(23%) 14(16%) 0.08
Tocilizumab 68(34%) 29(26%) 39(45%) 0.006
Remdesivir 22(11%) 12(11%) 10(11%) 0.89
Therapeutic AC 147(75%) 80(73%) 67(87%) 0.49
Steroid 111(56%) 50(45%) 61(70%) 0.008
Pressors 97(49%) 32(29%) 65(75%) <0.0001
QTe(milliseconds) 453(431-482) 449(429-477) 454(433-487) 0.53

AC= anticoagulation
Table 3A. Biochemical Profile
Variable Normal Range Overall Alive Dead P-value
g Median(IQR)
Creatinine (mg/dL) 0.5-1.2 1.1(0.8-1.9) 1.1(0.8-1.9) 1.3(0.9-1.97) 0.1
f;ga/l;n Il))“’ BNP <300 3359(753-15663) 2536(508-6605) 4040(1155-23799) 0.01
Peak Trop T
(ng/mL) <0.01 0.02(0.01-0.13) 0.02(0.0-0.06) 0.0(0.01-0.2) 0.002
Peak CRP
(mg/dL) 0—0.7 24(12-33) 19(8-32) 29(17-37) 0.001
Peak D-dimer
0-500 7392(2407-23186) 5230(1431-18781) 13344(4756-44632) 0.0004
(ng/mL)
Peak Ferritin 20-335 1232(637-2741) 902(575-1844) 1573(798-4286) 0.0009
(ng/mL)
Peak Triglyceride
(mg/dL) 40-150 226(124-369) 166(104-335) 285(144-399) 0.01
BNP= brain natriuretic peptide; CRP= C reactive protein
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Table 3B. Predictive threshold of biochemical markers for mortality prediction

Peak Value Threshold value AUC P value
CRP >22.76 0.63 0.001
D-dimer >2320 0.65 0.0002
Ferritin >1112 0.64 0.001
Pro BNP >17961 0.61 0.02
Troponin T >0.06 0.63 0.001
Triglyceride >106 0.64 0.009

AUC= area under curve; BNP= brain natriuretic peptide; CRP= C reactive protein

Table 4. Echocardiographic findings

Overall Alive Dead P value
LVEF(%) 55(55-60) 55(55-60) 55(50-60) 0.66
LVEF<45% 47(24%) 27(24%) 20(23%) 0.18
Dilated RV 59(30%) 27(24%) 32(37%) 0.06
RV dysfunction 46(23%) 24(22%) 22(25%) 0.56
Pericardial effusion 28(14%) 15(14%) 13(15%) 0.80
LVEF= left ventricular ejection fraction; RV= right ventricle
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Figure 1. Indication for Echocardiography

Echocardiographic findings

Indications for echocardiography are demonstrated
in Figure 1. Median time between admission and
echocardiography was 5 days (IQR1-10). Most common
indications for echocardiography were evaluation for cardiac
size and function. LV function was categorized as less than or
greater than 45%. RV function was classified as normal versus
dilated, and function was classified as normal versus reduced.
The overall LV EF was preserved at 55% and 24% patients who
had LVEF<45%. RV dilation and dysfunction were seen in 30%
and 23% patients respectively. A dilated or dysfunctional RV
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Figure 2. Impact of Age on Survival

was found in 39.4% patients. Pericardial effusion was found in
14% of patients. (Table 4)

Patients with RV dilation/dysfunction had significantly
higher peak troponin T of 0.05 (IQR 0.01-0.16) compared to
those without (peak trop T 0.01 (IQR 0.00-0.05); p<0.0001.
They also had higher levels of pro BNP (4618 vs. 2092), CRP
(26.2 vs. 22), ferritin (1577 vs. 1170) and D-Dimer (12553 vs
5570) compared to those without RV dilation or dysfunction.
Patients with LV dysfunction (EF<45%) had higher levels of
d-dimer, pro BNP and troponin T compared to those without
LV dysfunction.
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Figure 3. Impact of Pre-Existing CAD on Survival
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Figure 4.Troponin Level and Outcome Prediction

Table 5. Multivariate Model: Clinical Predictors of Mortality

Predictors of outcomes

Median length of stay was 14 days (IQR 8-31). 87 patients
died (44%). Figure 2 shows Kaplan Meier survival analysis
for patient stratified based on age> 60 and <60 years with a
significantly higher mortality (52%) for patients more than 60
years old (compared to 31% for those 60 and below). Patients
with preexisting CAD had a significantly higher mortality
(67%) compared to those without (38%) Log Rank P value<0.001
(Figure 3). Use of troponin T as a predictive instrument yielded
excellent discrimination in survival, such that patients with
troponin T>0.06 had 60% mortality compared to 37% for those
with troponin T<0.06. (Figure 4). While the median EF was
within normal limits, patients with LV dysfunction <45% had
numerically higher mortality compared to those with EF>45%
(37% vs 27%; Log Rank P =0.16). Similarly, patients who died
were more likely to have a dilated RV (37% vs 24%; p=0.06).
On multivariate Cox analysis, age, history of CAD, and need
for mechanical ventilation were independent predictors of
mortality. (Table 5).

Discussion
We conducted a single center study at a large quaternary
academic medical center to evaluate the cardiovascular

prevalence, biomarkers, and echocardiographic features in
patients with very severe COVID-19 infection. The main

Med Clin Sci. (2022) Vol 4, Issue 2

Covariate HR95% CI) P
Age 1.03(1.01-1.05) 0.0008
Gender 0.76(0.44-1.30) 0.32
CAD 2.73(1.51-4.9) 0.0008
CKD 1.21(0.70-2.08) 0.49
Smoking 0.47(0.16-1.36) 0.17
Mechanical Ventilation 2.64(1.32-5.29) 0.006
LVSD 1.12(0.64-1.95) 0.68
HR= hazards ratio; CAD= coronary artery disease; SKD= chronic kidney disease

findings of the study can be summarized as follows: a large
proportion of patients with severe COVID-19 infection have
echocardiographic abnormalities including right and left
ventricular dysfunction. The presence of these abnormalities is
strongly associated with underlying clinical and biochemical
severity of COVID-19 illness. Several of these clinical and
biochemical variables are powerful predictors of mortality and
can be used as effective tools to refine risk stratification and
filters for further clinical testing including echocardiography.

Coronavirus disease 2019 (COVID-19), the novel infection
caused by the severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2),wasfirstdetectedin Chinain December2019and
declared a global pandemic by the World Health Organization
in early 2020 [7]. It has posed a significant health care threat
in the United States where, as of June 10, 2021, over 33 million
people have been infected resulting in almost 600,000 deaths
[8]. Early reports from China demonstrated that a significant
majority of patients had mild symptoms (no pneumonia or
mild pneumonia) but patients with co-morbid conditions,
such as cardiovascular disease and cardiovascular risk factors
(diabetes and hypertension), have more severe clinical course
and higher case fatality rates [9]. Severe pneumonia resulting
in acute respiratory distress syndrome (ARDS) and acute
respiratory failure remain the main causes of mortality in
critically ill patients with COVID-19 [10]. Furthermore, recent
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studies have identified the interplay of coagulation activation
and sustained inflammatory response as an important factor
contributing to increased complications and poorer outcomes
in COVID-19 patients. These include the development of
ARDS, multi organ failure including acute kidney injury,
disseminated intravascular coagulation, clinically significant
pulmonary embolism (PE), deep vein thrombosis (DVT) and
an exaggerated inflammatory activation leading to cytokine
storm [3,4,7].

The Burden of Right Ventricular Dysfunction in Critically
111 COVID-19 illness

Numerous reports have confirmed a hypercoagulable
state associated with severity of COVID-19 infection with
multiple manifestations including a significantly increased
risk of deep venous thrombosis and pulmonary embolism.
While respiratory compromise in coronavirus was initially
mostly attributed to ARDS, the contribution of embolic
phenomena is now more appreciated. In our cohort of COVID
19 patients, while the median D-dimer level was significantly
elevated at 7283 for the entire cohort, this was twice as high
for patients who died. Previous work has demonstrated the RV
involvement that occurs as a result of this increased right sided
afterload [11]. This was confirmed in our cohort with 30% of
patients experiencing RV dilatation and 23% experiencing
reduction in RV systolic function. However, the diagnosis of
pulmonary embolism in COVID 19 patients is difficult. First,
many of them experience acute kidney injury as a result of
their infection that is thought to be multifactorial and related
to micro thrombi, endothelial dysfunction, volume status, etc.
[2]. This acute kidney injury precludes many patients from
receiving diagnostic CT pulmonary angiograms. Second,
many radiology departments attempt to limit the scanning of
COVID 19 patients due to extensive decontamination required
after each study. This highlights the additional role of bedside
cardiac ultrasound in the management of these patients. At
our institution, many patients with ongoing hypoxia received
echocardiograms and were presumptively treated for PE with
tPA if evidence of RV strain was found.

Inarecently published report of 110 patients from New York
City, undergoing echocardiographic evaluation the prevalence
of RV dilation was 31% (out of 110 patients; 30% intubated and
in-hospital mortality 20%) [11]. Our findings are similar with
32% patients having evidence of RV dilation. Another recent
publication from China demonstrated the added value of RV
strain in predicting mortality in 120 COVID-patients (12.5%
intubated and 15% in hospital mortality) [6]. While strain
analysis is a more sensitive marker of RV dysfunction, we were
not able to assess that given significant differences between
our cohort and Li et al’s report. Only 12.5% of their cohort
was mechanically ventilated compared to 57% in our study.
Furthermore, the median BMI in our cohort was 30 compared
to 23 in Li et al study. This large percentage of intubated and
obese patients limited the quality necessary for reliable strain
imaging. Our study did demonstrate however that biomarkers
could predict the presence of RV dilation/dysfunction. Patients
with signs of RV involvement had significant higher pro BNP
(4618 vs 2092) and D dimer (12553 vs 5570) compared to
those normal right ventricles. This RV strain is presumably a
manifestation of subclinical pulmonary embolism, hypoxemic
vasoconstriction and other sequela of infection. While future
studies are needed, this would seem to suggest that there exists

Med Clin Sci. (2022) Vol 4, Issue 2

a biomarker threshold over which a cardiac ultrasound should
be performed to assess for RV dysfunction.

Biochemical Myocardial Injury,
Abnormalities, and Outcomes

Echocardiographic

Our results demonstrate that cardiac biomarkers were a
significant predictor of mortality for those with COVID-19.
Patients with negative troponins (peak troponin less than or
equal to 0.01) had a mortality rate of 16% compared to 43%
with any elevation (p<.003). Pro BNP was also implicated,
with levels over 19280 serving as an independent risk factor
for mortality (p<.002). In our cohort 20% of the patients
had LVSD or RVD, which correlated with the worsening
biochemical profile. There was numerically higher mortality
in the patients with left ventricular dysfunction but it did not
reach statistical significance. One possible explanation for this
finding could be the timing between echocardiography and
time of death, which was a median of 5 days. It is likely that
the cardiac function continued to worsen as these patients
got sicker with worsening biochemical profiles and increasing
pressor requirement.

Pre-existing CAD and Risk of Mortality

One of the most striking and statistically significant
findings of our cohort was the association between preexisting
CAD and mortality. Patients with CAD had 67% mortality
compared to 38% for those without prior CAD (HR 2.4; 95%
CI 1.16-4.9; P = 0.01) (Figure 3). The association between viral
illness and cardiovascular morbidity and mortality is well
known. Previous work has shown much higherrates of influenza
related death among those patients with cardiovascular
disease [13]. Systemic illness puts significant stress on the
heart as it tries to meet increased metabolic demands. In
our cohort, we found several important differences between
patients with preexisting CAD and those without that could
explain the high mortality seen in these patients. Patients with
preexistent CAD were significantly older (77 vs 61 years), had
a higher prevalence of CKD (42 vs 14%), underlying CHF (26%
vs 6%), EF<45% (42% vs 14%) and higher levels of pro BNP
and peak troponin T levels compared to those without CAD.
Interestingly, the level of inflammatory markers and D- dimer
were not significantly different. While the exact mechanism
for worse outcomes in COVID-19 patients with preexisting
CAD is unclear, several theories have been suggested. Severe
hypoxemia and cytokine storm, mediated by an imbalanced
response among subtypes of T helper cells, may contribute to
myocardial injury in COVID-19 patients and pose a greater
risk in patients with a history of CAD and heart failure [7,9].
SARS-CoV has also been shown to directly cause myocardial
inflammation via interaction with angiotensin-converting
enzyme 2, a known receptor for SARS-COV-2 expressed on
myocytes and vascular endothelial cells [14,15].

Study limitations

This is a relatively small, single-center study on consecutive
patients hospitalized with severe COVID-19. While this limits
the generalizability of the findings discussed, the completeness
of follow up (100%) of the patients, rich biochemical data and
echo correlation provide unique insight. Echocardiograms
were ordered at the discretion of treating physicians and
represent roughly 15% of patients treated at our center, most
of whom already had unfavorable clinical course at the time
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of the study. This accounts in part for the higher mortality
(44%) seen in our cohort compared to the previous Wuhan
echocardiogram report [6] which reported a 15% mortality in
their imaged patients. Given ongoing efforts to limit the spread
of COVID-19, routine echocardiograms that are unlikely
to change patient management were minimized. When
performed, echocardiographic studies were limited to features
deemed most clinically relevant: LV size and function, RV size
and function, significant valvular abnormalities, and presence
of pericardial effusions. Measurements of ventricular strain
and LV diastolic function were not obtained. Nonetheless,
this experience represents the largest and most comprehensive
report on echocardiogram features and biochemical cardiac
markers in COVID-19 patients thus far.

Clinical Implications & Conclusions

Severe COVID-19 infection is accompanied by a significant
burden of echocardiographic abnormalities that are strongly
correlated with the degree of inflammation and biomarker
elevation. Such patients form a very high-risk group. Further
large-scale study is warranted to understand the role of early
cardiac surveillance using echocardiography in risk stratifying
patients and the use of adjunct therapy tailored according to
these findings.
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