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Editorial

COVID-Associated Myocardial Injury: Crossing the
Threshold for Mechanical Circulatory Support

Myocardial injury, or a troponin elevation above the 99th
percentile,’ is common in hospitalized patients with coronavi-
rus disease 2019 (COVID-19). In one large New York City
cohort of 2,736 COVID patients, 36% had evidence of myo-
cardial injury.” In this cohort, even minimal troponin I eleva-
tions (from >0.03 to 0.09 ng/mlL) were associated
significantly with death (hazard ratio [HR] 1.75; 95% CI:
1.37-2.24); while troponin I > 0.09 ng/mL had an even higher
risk of mortality (HR 3.03; 95% CI 2.42—3.80).2 Nevertheless,
myocardial injury is merely one complication of COVID-
related illness. Other mechanisms of cardiac dysfunction
include type 1 myocardial infarction, type 2 myocardial infarc-
tion, vascular endothelial injury, embolic disease, and a sys-
temic hyperinflammatory syndrome.’ Although optimal short-
term management strategies for COVID-associated myocardial
injury remain unclear, experience can be drawn from other
infections and prior pandemics, such as influenza. The influ-
enza virus illness, like COVID-19, is associated with elevated
cardiac biomarkers, pericarditis, myocarditis, arrhythmias, and
higher mortality.* In one influenza A (HINT1) cohort of criti-
cally ill patients, troponin I was four times higher in patients
who also developed acute respiratory distress syndrome.’ Fur-
thermore, influenza-related myocarditis has been reported in
0.4% to 13% of patients, while autopsy data have demon-
strated evidence of myocyte inflammation in necrosis in 30%
to 50% of patients.”

In this month’s Journal of Cardiothoracic and Vascular
Anesthesia, Qian et al. retrospectively reviewed early experi-
ence in one intensive care unit (ICU) in Wuhan, China.” The
authors highlighted the incidence of myocardial injury and its
association with increased cardiovascular complications in the
ICU, higher Acute Physiology and Chronic Health Evaluation
IT scores, and overall mortality. The authors noted a 28-day
mortality increase in patients with myocardial injury (HR 2.2,
95% CI 1.29-3.74; p =0.004). Myocardial injury in the setting
of infection is not unique to COVID and has been studied in
many systemic illnesses.® Elevated troponin occurred fre-
quently in critically ill patients with influenza (HIN1) and
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resulted in longer ICU stay and higher mortality.” In starting
to appreciate now that there is cardiac involvement in COVID-
19 patients, Qian et al. have started the early process of study-
ing myocardial markers. The pathobiologic mechanism of
COVID-19 cardiac failure is not understood fully but certainly
everything from stress-induced catecholamine cardiomyopa-
thy to cytokine storm are being considered. Future studies
likely will focus on understanding the most likely molecular
mechanisms leading to cardiac decline to start to understand
possible future therapeutics. With the push forward focusing
on vaccine development and possible therapeutics, there is the
ability to use support strategies, such as extracorporeal mem-
brane oxygenation (ECMO) and other advanced mechanical
support devices, for these critically ill patients.

The authors highlighted the need for venovenous (VV)
ECMO in five of their ICU patients (two with myocardial
injury). The details surrounding decision making for VV
ECMO in this study are lacking. Additionally, venoarterial
(VA) ECMO strategies also were not included in this study.
Although VA ECMO outcome data in COVID-19 are still
emerging, it is an important strategy in COVID-related myo-
cardial injury and shock. Information can be learned from the
HINI experience. In one Australian and New Zealand cohort
of critically ill HIN1 patients with ARDS, 68 patients were
placed on VV ECMO and 71% survived to ICU discharge.'’
In another review of 184 patients with influenza-associated
myocarditis, 48 required mechanical circulatory support (21
VA ECMO) and had a mortality rate of 33%."" Multiple other
small case series have demonstrated success with VA ECMO
utilization in the setting of fulminant myocarditis associated
with influenza. Similarly, VA ECMO has been used intermit-
tently with COVID. Data from the Extracorporeal Life Support
Organization Registry recently identified 1,035 COVID
patients who required ECMO, of whom 40 (4%) patients
received VA ECMO support.'”> Among the patients who
required VA ECMO support, 22 had clinical evidence of
myocarditis. Although data still are being analyzed for the
Extracorporeal Life Support Organization cohort, about
40% of the entire ECMO cohort has been discharged
alive.'”
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MGH ECMO Protocol During the COVID19 Pandemic

ECMO ELIGIBILITY:

o All intubated patients should be screened daily for ECMO needs and Eligibility.

e >1: PF Ratio 60-80, respiratory instability with prolonged desaturations, lung compliance
<30

e Proning Failure or inability to Prone.

e Approval by ECMO and/or ICU Directors.

ABSOLUTE CONTRAINDICATIONS RELATIVE CONTRAINDICATIONS:

e Age >70 for NON-COVID19

o Age >60 for COVID19 Patients.

e Immune Suppression.

e Chronic Cardiac, Pulmonary, Renal
or Hepatic Disease.

e Secondary infections with MDR
organisms.

e ECPR

e BMI >35 (requires vascular access
sufficient for high flows)

o Significant Acute Organ failure other than
Cardiopulmonary or Renal

e Chronic Cardiac, Pulmonary, Renal or
Hepatic Disease.

e Unknown Neurological status.

e Active Malignancy.

e ANC <1000

e BMI > 40

CANNULATION STRATEGIES:

e Cannulation to occur bedside in the ICU.
e Femoral/Jugular Cannulation to eliminate need for guided imaging.
e Sheaths should be placed early.

PANDEMIC RESOUCE UTILIZATION:

o Daily Assessment by ICU and ECMO teams regarding continued support.
e Resource Allocation will be guided by Hospital Incidence Command System (HICS)

Fig 1. MGH ECMO protocol. ANC, absolute neutrophil count; BMI, body mass index; COVID-19, coronavirus diesase 2019; ECMO, extracorporeal membrane
oxygenation; ECPR, extracorporeal cardiopulmonary resuscitation; ICU, intensive care unit; MDR, multiple drug resistance; MGH, Massachusetts General Hospi-
tal; PF ratio, arterial PO, divided by fraction of inspired oxygen.

In the authors’ experience VA ECMO is an important tool
available for severe COVID-associated myocardial dysfunc-
tion and shock. VA ECMO may be considered for patients
with refractory cardiogenic shock despite optimal medical
therapies. Absolute contraindications include active malig-
nancy, body mass index > 40, unknown neurologic status,

significant organ failure besides cardiopulmonary or renal, and
severe chronic medical illnesses. Although COVID forced the
authors’ hospital and many others to be more conscious of dis-
tribution of resources, VA ECMO is and should be reserved
for appropriate indications (Fig 1). Although ECMO currently
is not thought of as a therapeutic, it does provide the
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hemodynamic and gas exchange capability to support end-
organ function. In circumstances in which patients improve
with critical care and/or options exist in the form of durable
mechanical devices (left ventricular assist devices) or possibly
transplantation, ECMO provides the time and the physiologic
bridge necessary to achieve these goals. As discussed in recent
reviews, the current pandemic now has proven that respiratory
failure is just part of multiorgan failure in COVID-19. The
ability as anesthesiologists and critical care physicians to man-
age a second surge of COVID-19 critical illness will depend
heavily on the ability to understand the molecular mechanisms
of multiorgan failure. Successful treatment also will rely on
fundamental critical care knowledge and available support
strategies like ECMO."?

Early identification of myocardial injury among COVID
patients is critical, as many are at risk for further cardiovascu-
lar compromise and collapse. Qian et al. successfully illus-
trated the high prevalence of myocardial injury in a Wuhan
cohort, many of whom developed severe cardiac complica-
tions. Mechanical circulatory support, in particular VA
ECMO, is an important strategy to consider in the management
of COVID patients with severe cardiac dysfunction.'* The use
and success of VA and VV ECMO in COVID-19 patients will
depend most likely on the preparedness of the healthcare sys-
tem, as well as the ability for clinicians to identify patients
who may require ECMO support for rapid assessment by a
multidisciplinary ECMO team and possible transfer to special-
ized ECMO centers.'* Lastly, although ECMO complications
have been well- studied, the profession is just starting to under-
stand the thromboembolic and hemostatic complications asso-
ciated with COVID-19 ECMO patients compared to the
incidence previously reported in non—COVID-19 ECMO
patients.'” This further highlights the importance of a dedi-
cated cross-specialty and multidisciplinary critical care team
to weigh the risks and benefits of ECMO on a case-by-case
basis to ensure optimal patient care.

In conclusion, the pathophysiology of COVID-19 extends
beyond the pulmonary system and can lead to significant myo-
cardial injury. It can cause significant cardiovascular compro-
mise, warranting consideration for advanced therapies, such as
VA ECMO, in a subset of affected patients. Early identifica-
tion of COVID patients in cardiopulmonary distress and a mul-
tidisciplinary critical care team to assess patients who have
failed traditional medical therapy are crucial to ensure optimal
care of the most critically ill COVID-19 patients.
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