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Original Clinical Report

Experience With Cardiology-Oriented 
Outcomes in Critically Ill Patients With 
Coronavirus Disease 2019

Randi Connor-Schuler, MD1; A. Ian Wong, MD1; Anand Shah, MD2; Babar Fiza, MD3,4;  
Melissa Lyle, MD2; Richard Ramonell, MD1; Maxwell Hockstein, MD4; George Chang, MD2;  
David Markham, MD2; Charles Searles, MD2; Michael McDaniel, MD2; Jefferson Baer, MD2;  
Cindy Powell, MD1,3; Lisa Daniels, MD1,3; the Emory COVID-19 Quality and Clinical Research 
Collaborative

Objectives: Coronavirus disease 2019 is associated with high mortal-
ity rates and multiple organ damage. There is increasing evidence that 
these patients are at risk for various cardiovascular insults; however, 
there are currently no guidelines for the diagnosis and management 
of such cardiovascular complications in patients with coronavirus dis-
ease 2019. We share data and recommendations from a multidis-
ciplinary team to highlight our institution’s clinical experiences and 
guidelines for managing cardiovascular complications of coronavirus 
disease 2019.
Design, Setting, and Patients: This was a retrospective cohort study 
of patients admitted to one of six ICUs dedicated to the care of 
patients with coronavirus disease 2019 located in three hospitals 
within one academic medical center in Atlanta, Georgia.
Measurements/Interventions: Chart review was conducted for 
sociodemographic, laboratory, and clinical data. Rates of specific 
cardiovascular complications were assessed, and data were ana-
lyzed using a chi-square or Wilcoxon rank-sum test for categorical 

and continuous variables. Additionally, certain cases are presented to 
demonstrate the sub committee’s recommendations.
Main Results: Two-hundred eighty-eight patients were admitted to the 
ICU with coronavirus disease 2019. Of these, 86 died (29.9%), 242 
(84.03%) had troponin elevation, 70 (24.31%) had dysrhythmias, 
four (1.39%) had ST-elevation myocardial infarction, eight (2.78%) 
developed cor pulmonale, and 190 (65.97%) with shock. There was 
increased mortality risk in patients with greater degrees of tropo-
nin elevation (p < 0.001) and with the development of arrhythmias  
(p < 0.001), cor pulmonale (p < 0.001), and shock (p < 0.001).
Conclusions: While there are guidelines for the diagnosis and man-
agement of pulmonary complications of coronavirus disease 2019, 
there needs to be more information regarding the management of 
cardiovascular complications as well. These recommendations gar-
nered from the coronavirus disease 2019 cardiology subcommit-
tee from our institution will add to the existing knowledge of these 
potential cardiovascular insults as well as highlight suggestions for 
the diagnosis and management of the range of cardiovascular com-
plications of coronavirus disease 2019. Additionally, with the spread 
of coronavirus disease 2019, our case-based recommendations pro-
vide a bedside resource for providers newly caring for patients with 
coronavirus disease 2019.
Key Words: arrhythmia; cor pulmonale; coronavirus disease 2019; 
myocardial ischemia; myocarditis; shock

The ongoing coronavirus disease 2019 (COVID-19) pan-
demic caused by the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) incurs significant intensive 

care utilization with approximately 40% of hospitalized patients 
requiring ICU admission and up to 50% ICU mortality (1–4). 
The most common complications in critically ill patients are 
respiratory failure, sepsis, thrombosis, acute kidney injury, heart 
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failure, and cardiac injury (5, 6). Excluding respiratory risk fac-
tors, patients most at risk for adverse outcomes include those with 
underlying cardiovascular disease (CVD) and preexisting CVD, 
as well as those who develop acute cardiovascular complications 
from SARS-CoV-2 (7).

The association between COVID illness severity and history of 
CVD is more marked than previously seen in other viral illnesses, 
with a 13-fold increased mortality risk, versus 2–9 times increased 
mortality risk seen with other novel coronavirus infections such 
as SARS (8–10). Patients with COVID-19 can also suffer devastat-
ing cardiovascular injuries from this disease including myocardial 
infarction, myocarditis, arrhythmias, and hemodynamic instabil-
ity with cardiogenic shock (11–13).

While there are guidelines on the diagnosis and management 
of respiratory failure, pneumonia, and sepsis-associated with 
SARS-CoV-2, there is a lack of guidance for the diagnosis and 
management of these associated cardiac complications despite the 
increased prevalence seen in this disease process. The paucity of 
high-quality best-practice evidence leaves clinicians with equi-
poise on how to best manage COVID-19 related cardiovascular 
complications, particularly in the critically ill (9, 11, 12, 14–16). 
Here, we review our institutional data and describe recommenda-
tions detailing the management of acute cardiovascular complica-
tions in critically ill patients with COVID-19.

MATERIALS AND METHODS
This study was approved by the Emory University Institutional 
Review Board. The study included adults greater than or equal 
to 18 years old with confirmed SARS-CoV-2 disease who were 
admitted to one of six COVID-designated ICUs at three Emory 
Healthcare hospitals in Atlanta, Georgia, with hospital admission 
date from March 6, 2020, to May 6, 2020. Patient data, including 
sociodemographic information, clinical data, and laboratory data, 
were obtained from the electronic medical record ([EMR]; Cerner 
Millennium EMR, Kansas City, MO) and proprietary data collec-
tion software developed on the Oracle Apex platform (Redwood 
City, CA).

Cardiac complications included troponin elevation, arrhyth-
mia captured on electrocardiogram, ST-elevation myocardial 
infarction (STEMI) on electrocardiogram, myocarditis confirmed 
by tissue pathology, cor pulmonale by clinical diagnosis and/or 
echocardiogram, shock by clinical diagnosis and/or vasopressor 
requirement for 2 hours or more, cardiac arrest with cardiopulmo-
nary resuscitation (CPR) performed.

Codified and continuous data elements were automatically 
extracted using an internally validated technique from the EMR. 
Data elements contained in free-text were manually abstracted by the 
members of the Emory COVID-19 Quality and Clinical Research 
Collaborative and entered into the Apex platform (17). Data were 
analyzed using a chi-square or Wilcoxon rank-sum test for categori-
cal and continuous variables, respectively. A p value of less than 0.05 
was defined as significant. All tests were two-sided and were per-
formed using SAS software, Version 9.4 (SAS Institute, Cary, NC).

To create immediate and dynamic guidelines for the care of 
critically ill patients with COVID-19, our institution implemented 

a team best practice committee with organ-specific subcommit-
tees (17). The cardiology subcommittee was comprised of fellow 
and attending physicians from both cardiology and critical care. 
The cardiology members’ subspecialties included interventional, 
electrophysiology, advanced heart failure, and critical care. The 
critical care members’ specialties included emergency medicine, 
anesthesiology, and internal medicine.

The cardiology subcommittee met weekly to review cases and 
collectively create situational specific recommendations to be 
shared with frontline providers across the healthcare network 
(17). The guidelines were rapidly adjusted in overlapping stages 
which incorporated feedback from frontline clinicians, up-to-date 
literature review, drafting the first checklist version involving an 
internal expert panel, roundtable panel discussions, and finaliza-
tion of the algorithms and recommendations after panel agree-
ment. We present representative cases discussed by the committee 
which laid the foundation for the development of institutional 
practice guidelines and recommendations.

RESULTS
Out of 288 patients diagnosed and admitted to the ICU with 
COVID-19, 86 died (29.9%) (Table 1) and 258 (89.6%) incurred 
diagnoses relevant to critical care cardiology (Table 2).

The median age of the critically ill COVID-19 patients was 
65 years (interquartile range, 55–75 yr). Hypertension (214/288 
[79.0%]) and diabetes (129/288 [44.8%]) were the most common 
preexisting conditions (Table 1). There was a statistically signifi-
cant difference in mortality rates in patients with preexisting coro-
nary artery disease as well as patients prescribed an angiotensin 
II receptor blocker (ARB) as an outpatient medication. Of the 
patients with COVID, 13.8% who survived had coronary artery 
disease (CAD) compared with 27.3% of those who died during 
their hospitalization that had CAD (p = 0.024). Of the patients 
admitted to the ICU for COVID, 15.3% who survived were on 
ARB as an outpatient medication versus to 26.7% who died  
(p = 0.023). Conversely, there was no difference in mortality rates 
among patients with COVID who were prescribed an angioten-
sin-converting enzyme (ACE) inhibitor as an outpatient medica-
tion (13.3% survived, 18.7% died; p = 0.990).

Laboratory markers associated with statistically significant 
increased mortality rates include elevation in troponin, B-type 
natriuretic peptide (p < 0.001), d-dimer (p < 0.001), C-reactive pro-
tein (CRP) (p < 0.001), and lactic acid (p = 0.043) (Supplemental 
Material - Table 3, http://links.lww.com/CCX/A431).

The most common cardiovascular complications in patients 
with COVID-19 were troponin elevation, arrhythmias, cor pul-
monale and shock, and the development of these was associ-
ated with a statistically significant increased risk for mortality 
(Table 2). Below, we also present select cases that highlighted and 
helped refine our guidelines (Fig. 1) selected by the members of 
the cardiology subcommittee.

CASES AND DISCUSSION
Several studies identified that markers of inflammation and myo-
cardial injury, like troponin T elevation, are associated with poor 
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outcomes and overall increased mortality rates (9, 11, 12, 14, 16, 18).  
Our data also showed that troponin elevation, particularly as lev-
els continue to rise, is associated with increased mortality rates. 
While associated with worse outcomes, the mechanism driving 
troponin elevation in these patients is unclear.

Hypoxia, a common presentation of COVID-19 pneumonia, 
can drive myocardial oxygen supply and demand mismatch. An 
underlying cardio-inflammatory response, indicated by elevated 
levels of CRP, ferritin, and other acute phase reactants, may also 
lead to troponin elevation. Coronavirus has localized to myo-
cardial interstitial cells, and focal cardiomyocyte necrosis and 
lymphocytic myocarditis have been demonstrated in autopsy or 
by myocardial biopsy of these patients. Alternative etiologies for 
myocardial injury and release of troponin during SARS-CoV-2 
infection are right ventricular (RV) overload, pulmonary embo-
lism, cytokine-mediated injury, microvascular dysfunction, small 
vessel thrombotic complications, epicardial coronary obstruction 
or thrombosis, pericarditis, or stress-induced cardiomyopathy. 

Troponin elevations in COVID-19 patients are thus varied and 
likely multifactorial.

With multiple potential underlying etiologies, troponin ele-
vation is commonly incurred and may be seen in up to 20% of 
patients with COVID-19 (4, 19). As troponin elevation can be 
commonly seen in this patient population, particularly those who 
are critically ill and require ICU admission, we will now present 
several cases highlighting how troponin elevation can be used in 
conjunction with other data to help determine the likely etiology 
of myocardial injury and clinical implications for management.

Troponin Elevation With Electrocardiogram Changes
Case. Sixty-eight-year-old female was admitted for hypoxic respi-
ratory failure requiring intubation from COVID pneumonia. 
While intubated, she developed deeply inverted T waves across 
the precordial leads on electrocardiogram (Supplemental Figure, 
http://links.lww.com/CCX/A432), and troponin I peaked at 
3.83 ng/mL. A transthoracic echocardiogram (TTE) demonstrated 

TABLE 1. Demographic Characteristics of Patients Admitted to the ICU With Coronavirus  
Disease 2019

Characteristic (n [%] Unless  
Otherwise Indicated) Total (n = 288)

Survived  
Hospitalization (n = 202)

Died During  
Hospitalization (n = 86) pa

Age, median (IQR) 65 (55–75) 61 (51–69) 73 (65–80) < 0.001

Female 131 (45.5) 93 (40.1) 38 (44.2) 0.773

Race    0.778

 White 54 (18.8) 40 (18.8) 14 (16.3)  

 Black 198 (68.8) 138 (68.3) 60 (69.8)  

 Asian 9 (3.1) 5 (2.5) 4 (4.7)  

 Unknown/other 27 (9.4) 19 (9.4) 8 (9.3)  

Body mass index, median (IQR) 30.3 (25.9–35.3) 31.1 (27.2–37.2) 28.5 (24.8–31.3) < 0.001

 ≥ 40 35 (12.2) 34 (16.8) 1 (1.2)  

Tobacco use 81 (28.1) 49 (24.3) 32 (37.2) 0.025

Hypertension 214 (79.0) 144 (77.4) 70 (82.4) 0.072

Coronary artery disease 40 (17.8) 22 (13.8) 18 (27.3) 0.024

Congestive heart failure 39 (16.9) 28 (17.4) 11 (15.7) 0.808

Diabetes mellitus 129 (44.8) 90 (44.6) 39 (45.3) 0.901

Chronic kidney disease/end-stage renal diseaseb 43 (14.9) 26 (12.9) 17 (19.8) 0.305

Asthma 28 (11.5) 23 (13.5) 5 (6.8) 0.129

Chronic obstructive pulmonary disease 19 (7.9) 11 (6.6) 8 (10.5) 0.228

Obstructive sleep apnea 24 (10.5) 20 (12.4) 4 (6.0) 0.140

ACE inhibitor or ARB exposure 97 (33.7) 61 (30.2) 36 (41.9) 0.055

ACE inhibitor 47 (16.3) 33 (16.3) 14 (16.3) 0.990

 ARB 54 (18.8) 31 (15.3) 23 (26.7) 0.023

 Statin 105 (36.5) 72 (35.6) 33 (38.4) 0.669

ACE = angiotensin-converting enzyme, ARB = angiotensin II receptor blocker, IQR = interquartile range.
aχ2 or Wilcoxon rank-sum test.
bChronic kidney disease stage 3 or higher or end-stage renal disease requiring dialysis.
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a reduced left ventricular ejection fraction (LVEF) of 35%, apical 
akinesis, and a layered apical thrombus. She remained hemody-
namically stable and was extubated 18 days after intubation; how-
ever, her electrocardiogram continued to illustrate deep T wave 
inversions even after troponin levels declined, which was most 
likely secondary to known apical akinesis (Fig. 2). Given the over-
all presentation, the most likely diagnosis was a stress-induced 
cardiomyopathy for which systemic anticoagulation, for the apical 
thrombus, and dual antiplatelet therapy, in the abundance of cau-
tion without coronary angiogram data, were initiated.

Discussion. Following intubation, the patient’s troponin level 
increased approximately 10-fold over a 24-hour period. The change 
in troponin levels coincided with electrocardiogram changes sug-
gestive of myocardial ischemia and injury. In this patient, tro-
ponin elevation and electrocardiogram changes were associated 
with echocardiographic findings characteristic of stress-induced 
cardiomyopathy with apical ballooning. Peak troponin levels in 
stress-induced cardiomyopathy are typically less than one would 
see in a true myocardial infarction, and, in this patient, peak tro-
ponin levels were less than would be expected for apical dysfunc-
tion caused by left anterior descending artery occlusion (19). After 
peaking at 3.83 ng/mL, troponin levels returned to baseline over 
the next several days as her respiratory status stabilized.

The current COVID pandemic has presented many unique 
challenges in the invasive management of STEMI and non-STEMI. 
The differential diagnosis of dynamic ST changes has been greatly 
widened in this population. Not all ST elevation represents typical 
type 1 STEMI with plaque rupture where early revascularization 
may be beneficial and may instead indicate hemodynamic stress, 
direct inflammatory myocarditis or pericarditis, stress cardio-
myopathy, or microvascular disease due to thrombosis or hyper-
viscosity. The decision to activate the Cardiac Catheterization 
Laboratory has to take into consideration pretest probability 
for detection of hemodynamically significant epicardial coro-
nary stenoses, as well as the potential benefits versus harms for 

revascularization and need to minimize exposure to medical per-
sonnel (20). Our experience at Emory Healthcare has shown that 
the occurrence rate of type 1 STEMI has been much lower than 
expected. This has been collaborated by reports from other insti-
tutions where the occurrence rate of STEMI activations was mark-
edly decreased during the height of the COVID pandemic (21).

Troponin Elevation With Echocardiographic Changes
Pericarditis Case. Sixty-one-year-old female was admitted for 
hypoxic respiratory failure from COVID-19 requiring intubation 
and ultimately venovenous extracorporeal membrane oxygen-
ation (ECMO). Initial electrocardiogram was unremarkable; how-
ever, 10 days following admission, telemetry changes prompted 
another formal electrocardiogram that demonstrated diffuse 
ST elevations (Fig. 3). Troponin I was only mildly elevated and 
peaked at 0.05 ng/mL. TTE showed preserved LVEF of 60%, no 
regional wall motion abnormalities, and a small pericardial effu-
sion. Given the diffuse concave ST elevations, the normal echo-
cardiogram, and low-level troponin elevation with acute rise and 
fall, this presentation was consistent with pericarditis. ST changes 
eventually resolved, and she was discharged to a long-term acute 
care facility on hospital day 39.

Myocarditis Case. Twenty-four-year-old female was admitted 
with hypoxic respiratory failure from COVID pneumonia and 
required intubation on hospital day 2. Later that evening, she suf-
fered ventricular fibrillation with cardiac arrest. Following return 
of spontaneous circulation (ROSC), TTE demonstrated new onset 
biventricular failure with a small pericardial effusion. She con-
tinued to require increasing doses of vasopressors and inotropes 
and was subsequently cannulated for venoarterial ECMO given 
concern for myocarditis. Unfortunately, the patient did not have 
neurologic recovery following decannulation from ECMO, and 
brain MRI demonstrated diffuse anoxic brain injury. The decision 
was made to terminate life-sustaining treatments at that time, and 
she passed away.

TABLE 2. Cardiovascular Sequelae in Patients Admitted to the ICU With Coronavirus Disease 
2019

Characteristic (n [%] Unless  
Otherwise Indicated) Total (n = 288)

Survived Hospitalization  
(n = 202)

Died During  
Hospitalization (n = 86) pa

Cardiac complication 258 (89.6) 173 (85.6) 85 (98.8) < 0.001

Troponin elevation 242 (84.0) 160 (79.2) 82 (95.4) < 0.001

 Median (interquartile range) 0.11 (0.05–0.42) 0.09 (0.04–0.23) 0.36 (0.08–1.29) < 0.001

 > 0.4 (99%) 21 (7.6) 9 (4.6) 12 (14.8) 0.004

Arrhythmia 70 (24.3) 32 (15.8) 38 (44.2) < 0.001

ST-elevation myocardial infarction 4 (1.4) 2 (1.0) 2 (2.3) 0.375

Myocarditisb

 Cor pulmonale 8 (2.8) 1 (0.5) 7 (8.1) < 0.001

 Shock 190 (66.0) 120 (59.4) 70 (81.4) < 0.001

 Cardiac arrest with cardiopulmonary resuscitation 32 (11.1) 6 (3.0) 26 (30.2) < 0.001
aχ2 or Wilcoxon rank-sum test.
bUnable to measure with no pathology confirmed cases at time of this report.



Original Clinical Report

Critical Care Explorations www.ccejournal.org 5

Discussion. COVID-19 is associated 
with high degrees of inflammation affect-
ing multiple organ systems. As part of this 
invasive inflammatory process, patients 
may develop severe systemic cytokine-
mediated myocarditis that may be associ-
ated with arrhythmias, cardiomyopathy, 
or epicardial or microvascular thrombo-
sis. Limited data exist on the prevalence 
of inflammatory infiltration in this patient 
population (22). As of this writing, there 
are only two cases in the published litera-
ture demonstrating a lymphocytic infiltrate 
or evidence of myocardial injury (23, 24).

There is a proposed mechanism to how 
this virus may cause myocyte damage. 
S-glycoprotein on the surface of SARS-
CoV-2 binds to ACE2 and causes a confor-
mational change in the S-glycoprotein. This 
allows proteolytic digestion by host cell 
proteases (transmembrane serine protease 
2 and furin), ultimately leading to inter-
nalization of the virus (25). SARS-CoV-2’s 
entry through ACE2 results in an inflam-
matory response but also subsequently 
downregulates ACE2 expression, resulting 
in an inability to protect against the inflam-
matory response (25, 26). Furthermore, 
cellular entry of the virus triggers an 
inflammatory response with recruitment 
of T-helper cells which produce interferon 
gamma. This leads to recruitment of other 
inflammatory cells and a “cytokine storm,” 
which could lead to organ damage and mul-
tiple organ failure seen in severe disease.

Down-regulation of ACE2 activity may 
result in unopposed angiotensin II accu-
mulation and local renin-angiotensin-
aldosterone system (RAAS) activation. 
The resultant unopposed angiotensin II 
accumulation and local RAAS activation 
contribute to end-organ injury and likely 
cardiovascular damage. We have signifi-
cant concerns that the long-term effects of 
infection will lead to chronic progressive 
cardiomyopathy, arrhythmias, or vascular 
disease.

Troponin Elevation With Cardiac 
Arrhythmias
Case. Sixty-nine-year-old male was admit-
ted for hypoxic respiratory failure second-
ary to COVID-19. Initial electrocardiogram 
demonstrated normal sinus rhythm with 
first-degree atrioventricular block and a 
nonspecific interventricular conduction 

Figure 1. Coronavirus Disease 2019 (COVID-19) Cardiac Guideline Recommendations phone card reference. 
ATIII = antithrombin III, C3/C4 = complement levels 3 and 4, CCB = calcium channel blocker, CRP = C-reactive 
protein, DHP = dihydropyridine, ECG = electrocardiogram, ECHO = echocardiography, ECMO = extracorporeal 
membrane oxygenation, ESR = erythrocyte sedimentation rate, HF = heart failure, H&P = history and physical, 
IABP = intra-aortic balloon pump, IJ = internal jugular, IL-6 = interleukin 6, LDH = lactate dehydrogenase, LV = 
left ventricle, LVAD = left ventricular assist device, PEEP = positive end-expiratory pressure, POCUS = point of 
care ultrasound, RV = right ventricle, STEMI = ST-elevation myocardial infarction, PCI = percutaneous coronary 
intervention, QT = QT interval, QTc = corrected QT interval, SvO2 = mixed venous oxygen saturation.










