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ABSTRACT

As COVID-19 continues to cause an increasing number of deaths worldwide, it is important that providers stay abreast with
new research related to the pathophysiology of COVID-19 disease presentation states and clinical management. It is now
well recognized that COVID-19 affects extrapuimonary organs, particularly the cardiovascular system. For example, cardio-
genic shock has been increasingly observed in patients with COVID-19, owing to the various mechanisms involved and the
affinity of the SARS-CoV-2 virus to cells comprising the cardiovascular system. In this review, we have briefly discussed the
link between the cardiovascular system and COVID-19 infection, focusing on underlying mechanisms including but not limited
to cytokine storm, direct virus-induced myocarditis, and ST-elevation myocardial infarction leading to cardiogenic shock. We
have highlighted the cardiovascular risk factors associated with disease prognostication in COVID-19 patients. We have also
briefly discussed vasopressors and inotropes used for treating shock and presented their mechanism of action, contraindica-
tions, and side effects in the hopes of providing a quick reference to help the provider optimize management of COVID-19
patients presenting with cardiovascular complications such as shock.

Key Indexing Terms: COVID-19; Coronavirus; Cardiovascular complications; Myocarditis; Vaccine; SARS-CoV-2; Shock;
Vasopressor; Inotropes. [Am J Med Sci 2022;364(2):139-147.]

INTRODUCTION
T he Coronavirus disease-19 (COVID-19) pandemic
continues to wreak havoc, causing an increasing
number of deaths worldwide since being first
reported in Wuhan, China.! The death toll caused by the
SARS-CoV-2 virus as of January 15 2022 has since sur-
passed 824,000 in the USA despite large strides made in
understanding the pathophysiology, management, and
prevention of spread.” While the SARS-CoV-2 virus is
known principally for its pulmonary effects, including
pneumonia and acute respiratory distress syndrome
(ARDS), other extrapulmonary manifestations have been
reported. In fact, cardiovascular, hematologic, gastroin-
testinal and hepatobiliary, renal, endocrinologic, neuro-
logic, and dermatologic systems have been reported to
be affected by the virus via direct or indirect means.>*
Therefore, individuals affected by COVID-19, especially
the severely ill, can present with multi-organ involve-
ment/failure requiring prompt intervention. For these
severely ill COVID-19 patients known to have a high mor-
tality rate, it is not uncommon that their presentation to
the intensive care unit will involve shock of a specific or
mixed type.>” Various mechanisms responsible for
shock in COVID-19 patients, such as cytokine storm,
have been proposed®®; therefore, the provider must
keep abreast and must have a clear understanding of

these mechanisms as new studies emerge. In this
review, we will focus on the cardiovascular complications
associated with COVID-19 while highlighting how they
can culminate into shock. We will discuss how severely
ill COVID-19 patients can be managed by providing a
summary of the different inotropes and vasopressors in
the hopes that it will serve as a quick guide for the
provider.

CARDIOVASCULAR MANIFESTATIONS OF
COVID-19 AND UNDERLYING
PATHOPHYSIOLOGY

The SARS-CoV-2 virus is known to cause direct
myocardial injury and induce arrhythmias and acute cor-
onary syndromes (ACS) leading to acute heart failure and
shock.'%"'® Specifically, injury to the myocardium as evi-
denced by elevated cardiac biomarkers has been
reported in up to 30% of hospitalized COVID-19 patients
and up to 55% in those with pre-existing cardiovascular
disease. Interestingly but not surprisingly, the magnitude
of troponin elevations in these hospitalized patients is
associated with poorer outcomes. *17

Why is the heart particularly vulnerable to the SARS-
CoV-2 virus? The reason is thought to be related to the
mechanism utilized by the virus to gain cell entry. The
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angiotensin-converting enzyme 2 (ACE2) receptor, used
by the virus to gain cellular access, is highly expressed in
cardiovascular tissues, including cardiac myocytes,
endothelial cells, fibroblasts, and smooth muscle
cells."®?! Thus, direct viral interaction through these
receptors supports a direct cytotoxic effect of the virus
on cardiomyocytes. Also supporting this is the finding
that viral particles have been isolated from autopsied
heart specimens, although the majority of recent reports
have failed to demonstrate such particles in autopsied
specimens while noting inflammatory infiltrates in the
myocardium.???* For example, in one study in which
autopsies were performed in 21 patients with COVID-19,
myocarditis was observed in three cases (14%) while
various other forms of myocardial injury were also
observed, including widespread increased interstitial
macrophage infiltration of the myocardium (86% of
cases).”® However, no clear associated myocyte injury
involving both ventricles was reported. Also, the authors
did not find viral particles in cardiac macrophages either.
This finding supports widespread myocardial inflamma-
tion or myocarditis, characterized by inflammatory infil-
trates and injury to heart tissue, without ischemic insult
as another plausible mechanism. %2” However, it is diffi-
cult to estimate the exact prevalence of myocarditis
among COVID-19 patients partly because early reports
lacked diagnostic modalities to assess myocarditis.
Some studies have reported that up to 7% of COVID-19
—related deaths were secondary to myocarditis although
nearly all the information about myocarditis in these
patients came from case reports or small series.?®*>° For
example, Sawalha et al*® identified a total of 14 COVID-
19 cases with myocarditis/myopericarditis, reporting a
male predominance (58%), with a median age of
50.4 years. Of note, most patients did not have a previ-
ously identified comorbid condition (50%). Recovery of
cardiac structure and function has been noted; for exam-
ple, fulminant myocarditis with elevated troponin and
improvement in left ventricular function following treat-
ment with antivirals, intravenous immunoglobulin, and
steroids, and subsequent normalization of troponins
have been reported.*°*?

As briefly mentioned above, since the SARS-CoV-2
virus uses the angiotensin-converting enzyme 2 (ACE2)
receptor, an important question is whether routine use of
angiotensin-converting-enzyme inhibitors (ACEi) or
angiotensin |l receptor blockers (ARBs) in COVID-19
patients is protective or increases susceptibility to the
virus, especially in patients with hypertension, heart fail-
ure, and/or diabetes, who are overrepresented among
critically ill COVID-19 patients. So far, there is no evi-
dence to support an association between ACEi and
ARBs use and COVID-19 severity, while some other
studies have shown potential benefits.*>*® Therefore,
currently, the routine discontinuation of these medica-
tions is not recommended based on recommendations
by the European society of cardiology and the American
College of Cardiology.
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Cardiac arrhythmias, including new-onset atrial fibril-
lation, heart block, and ventricular arrhythmias, are also
prevalent in COVID-19 patients, occurring in 17% of hos-
pitalized patients and up to 44% of ICU patients as first
reported in a study of 138 patients from Wuhan, China.
These arrhythmias have since been recognized as com-
mon features of COVID-19 and are associated with
poorer outcomes.*®>" Malaty et al have summarized
more recent studies discussing the incidence and treat-
ment of arrhythmias secondary to COVID-19 and the
reader is thus directed there for more information.
Non-valvular atrial fibrillation (NVAF) seems to be the
most common arrhythmia encountered in COVID-19
patients and COVID-19 is increasingly being postulated
as an independent risk factor for stroke in patients with
NVAF.>%°% Of note, although the exact mechanistic path-
ways leading to arrhythmias remain unknown at large,
plausible mechanisms, as discussed by Siripanthong
et al, include direct injury to cardiomyocytes disrupting
electrical conduction, pericardial edema affecting electri-
cal conduction, ischemia disrupting electrical conduc-
tion, re-entrant arrhythmias due to myocardial fibrosis or
scars, and arrhythmias caused by proinflammatory cyto-
kines predisposing to arrhythmogenicity.>® In a multicen-
ter New York City cohort, of the 4,250 patients with
COVID-19, 6% were noted to have a prolonged QTc (i.e.,
corrected QT; >500 ms)5 and in a different cohort of 393
patients with COVID-19, atrial arrhythmias were more
common among patients requiring mechanical ventila-
tion than those who did not (17.7% versus 1.9%).%° In
the New York City cohort, prolongation of QT could have
been iatrogenic from the use of azithromycin and hydrox-
ychloroquine at that time.®

Other indirect mechanisms leading to myocardial
damage include stress-mediated myocardial dysfunction
that could result from hypertensive emergency, tachy-
cardia-induced cardiomyopathy, myocardial stunning
after prolonged hypotension leading to supply-demand
mismatch (i.e., type 2 Ml), and hypoxia-induced myocar-
dial damage caused by ARDS secondary to COVID-19.
COVID-19 patients also have an exaggerated risk for
myocardial infarction given that COVID-19 is a hyperco-
agulable state that can lead to widespread thrombosis in
the arterial and venous systems resulting in ischemic
injury and venous thromboembolism that can cause sig-
nificant heart strain culminating to fatal complications.
Thrombosis is a result of endothelitis triggered by direct
interaction of viral particles with the endothelium or a
result of hyperviscosity induced by the heightened proin-
flammatory state of COVID-19.°7%°

FACTORS INCREASING THE RISK FOR
CARDIOVASCULAR COMPLICATIONS IN
COVID-19

Cardiovascular risk factors can play a crucial role in
identifying patients vulnerable to developing cardiovas-
cular manifestations of COVID-19. The reader is directed
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to the review by Shifi et al for a detailed review of these
risk factors.'? In brief, hypertension and diabetes have
been noted to be among the most common of these risk
factors. Wu and McGoogan found that when the case
fatality rate (CFR) of COVID-19 was high in critically ill
patients, those with pre-existing conditions experienced
an even higher rate — 10.5% for those with cardiovascu-
lar disease, 7.3% for diabetes, and 6.0% for hyperten-
sion.’ These pre-existing conditions have also been
shown to correlate with mortality. For example, when
150 COVID-19 patients were analyzed, Shafi et al found
that hypertension, diabetes, pre—existing cardiovascular
disease (CVD), and cerebrovascular disease were
responsible for 43%, 18%, 19%, and 10% of all deaths,
respectively.' Thirty-nine percent of these deaths were
attributed to heart failure or respiratory failure. The stud-
ies by Zhou et al and Shi et al also highlighted the associ-
ation of hypertension and diabetes as important risk
factors.'*®? In a separate retrospective study conducted
in Italy involving 188 COVID-19 patients admitted to the
ICU, hypercholesterolemia was found to be another sig-
nificant comorbidity predicting poorer outcomes involv-
ing cardiovascular implications.®® All of the 188 patients
admitted to the ICU had hypercholesterolemia, indicating
the importance as a risk factor. The commonest risk fac-
tors in this cohort associated with an adverse cardiovas-
cular complication included hypertension (27%), CVD
(12.1%), and diabetes (11.5%). Guo et al found that ele-
vated troponin levels were associated with more frequent
arrhythmias and higher levels of other cardiac
biomarkers.'*

Once the SARs-CoV virus enters myocytes, viral
inclusions, and inflammatory cells such as macrophages,
neutrophils, and lymphocytes follow.®* This viral-medi-
ated infiltration can cause myocardial edema or myocar-
ditis coupled with necrosis, resulting in dilated
cardiomyopathy and heart failure.?>%¢ Studies have
shown that myocarditis is present in up to 30% of
patients with COVID-19 and those with myocarditis have
poorer prognoses.®”®® Of note, the development of heart
failure depends on comorbidities, age, and the severity
of cardiac involvement, as well as other factors. As sum-
marized by Shafi et al, based on all studies, approxi-
mately 8% of patients developed heart failure/
cardiogenic shock as a complication of COVID—19."?
The first of such reports on cardiogenic shock in other-
wise healthy males with a diagnosis of COVID-19 sug-
gest that shock is induced by direct viral-mediated
myocardial injury.®® Patients presented with hyperinflam-
matory biomarker profiles and multiorgan dysfunction
including biventricular failure and responded to treatment
with methylprednisolone. In a different report, Fried et al
reported some of the various cardiovascular presenta-
tions of COVID—19 in which three out of four cases
developed cardiogenic shock.”® They highlighted how
swift recognition of cardiogenic shock in these cases
was crucial for appropriate clinical decision making.
Tavazzi et al described the first case of acute cardiac

COVID-19 and the cardiovascular system

injury directly linked to myocardial localization of the
SARS-CoV-2 virus in a 69-year-old patient who pre-
sented with cardiogenic shock.?? Chnonyang et al dem-
onstrated cardiomyocyte infection with SARS-CoV-2
virus in a patient presenting with cardiogenic shock.”" In
one retrospective study carried out in Wuhan, China,
heart failure was ranked as the fourth most common out-
come of COVID-19.%? In another study, 49% of all deaths
were attributable to heart failure in individuals who had
no prior history of cardiovascular diseases.’”® Several
other case reports of COVID—19 patients presenting
with cardiogenic shock have since been reported.”®"®
The mechanism leading to this outcome is multifactorial
and can be linked to sepsis, respiratory failure and
ARDS, direct cardiac injury, ACS caused by coronary
thrombosis due to COVID-19 associated coagulopathy,
and direct injury to the myocardium by the SARS-CoV-2
virus.

The heightened proinflammatory state in COVID-19
also plays a role in myocardial damage. Pro-inflamma-
tory cells release cytokines such as Monocyte chemoat-
tractant protein-1 (MCP-1), a major cytokine noted to
increase significantly after COVID-19 onset. MCP-1 is a
major regulator of monocyte/macrophage migration to
the site of SARS-CoV-2 infection.”” The accumulation of
monocytes/macrophages around viral inclusions in the
myocardium can disrupt heart function either mechani-
cally or electrically. Interleukin-1[3 (IL-1[3), another key
regulator of inflammatory response, is pivotal in the etiol-
ogy of COVID-19. IL-1f3 can stimulate the release of IL-
21, IL-17, and IL-22 which mediate cell proliferation and
differentiation that may contribute to myocardial thicken-
ing leading to cardiomyopathy. Tumor necrosis factor-
alpha (TNF-a) secreted by macrophages, neutrophils,
mast cells, and cardiomyocytes can also promote cellu-
lar proliferation and myocardial thickening.”®

TREATMENT CONSIDERATIONS OF COVID-19
PATIENTS PRESENTING WITH
CARDIOVASCULAR COMPLICATIONS
CULMINATING TO SHOCK

A firm comprehension of the pathophysiology of the
cardiovascular complications in COVID-19 patients will
aid in swiftly recognizing and targeting treatment of
potentially fatal complications such as cardiogenic shock
thereby prompting targeted management. Multiple etiol-
ogies underlie the different shock states, including car-
diogenic, hypovolemic, distributive, obstructive, or
mixed type, often encountered in COVID-19 patients
(Figure 1). Irrespective of the underlying etiology, the hall-
mark of any type of shock in general and including
COVID-19 patients is decreased organ perfusion culmi-
nating into multiorgan dysfunction and death. Quick rec-
ognition of shock decreases morbidity and mortality in
hospitalized COVID-19 patients. Obstructive shock
caused by a pneumothorax in ventilated patients or criti-
cally ill patients on high dose steroids, for example,
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Types of shock in

COVID-19 patients

Distributive
-Septic (most likely)
-Addisonian crisis
-Anaphylactic

Hypovolemic
-Hemorrhagic
-Severe dehydration

Obstructive Mixed
-Temponade
-Pneumothorax

-PE

Cardiogenic

Cardiac arthythmias

Oxygen supply/demand
mismatch (Type II MI)

— |

Direct viral injury

ad

) _ DIC/microthrombi/vasculitis/
~‘\ / endothelial dysfunction

|
T Stress cardiomyopathy

Myocardial infarction

Hyperinflammation

FIGURE 1. Types of shock. In COVID-19 patients, similar to non-COVID-19 patients, the cause of shock can be multifactorial, and different
shock types can occur simultaneously. Cardiogenic shock can result from a variety of causes given the systemic nature of COVID-19. The cause
of shock can also be iatrogenic; hemorrhage can result from anticoagulation therapy while pneumothorax can be caused by barotrauma or has
been associated with high dose corticosteroids use.'®''%? The initial evaluation of critically ill COVID-19 patients supposedly in shock must take

into consideration these potential causes.

warrants prompt decompression rather than treatment
with vasoactive agents. Similarly, cardiogenic shock due
to myocarditis/cardiomyopathy caused by cytokine
storm may respond to anti-inflammatory treatments and
monoclonal antibodies which are increasingly being
added to the therapeutic regimens of COVID-19.798!

Vasopressors and inotropes create vasoconstriction
or increase cardiac contractility, respectively, in patients
with shock leading to increased mean arterial pressure
(MAP) and improved organ perfusion. A summary of
vasopressors and inotropes used to increase MAP is
summarized in Table 1. Some less commonly used medi-
cations which should be considered in circumstances
where the goal MAP cannot be achieved despite the use
of multiple vesopressors/inotropes have also been
highlighted. The use of a mineralocorticoid/corticoste-
roid such as hydrocortisone should not be overlooked in
cases of refractory shock as studies have shown that it is
not unusual for critically ill patients to have relative adre-
nal insufficiency.®2%°

Early revascularization, as demonstrated in the
SHould we emergently revascularize Occluded Coronar-
ies for cardiogenic shock (SHOCK) trial, remains the
most important treatment in managing cardiogenic
shock caused by acute MI.%® In severe COVID-19 cases
with refractory shock, right ventricular failure, and
extreme hypoxic lung injury, extracorporeal membrane
oxygenation or other mechanical circulatory support
such as Impella or intra-aortic balloon pump can be
used.®” In addition to these measures, other supportive
management must be used concomitantly. For example,
adequate fluid resuscitation whenever required and
treatment with other adjunctive therapies such as ramde-
sevir and tocilizumab.
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The comprehension of the hemodynamic principles
and adrenergic and non-adrenergic receptor mecha-
nisms are important to appropriately utilize vasoactive/
ionotropic medications for shock management in
COVID-19 patients. Carefully selecting these medica-
tions based on the desired pharmacologic effects that
are matched to the patient’s underlying pathophysiology
of shock is likely to optimize hemodynamics, while
reducing adverse effects and increasing overall survival.
As highlighted, the relative hemodynamic effect of some
agents can depend on the dose administered. Norepi-
nephrine remains the reasonable first-line agent for dif-
ferent shock states, most notably septic shock. Whereas
dobutamine is a reasonable first-line inotrope agent. We
hope that this document will serve as a quick guide for
all healthcare providers managing critically ill COVID-19
patients who may present with cardiogenic or other
forms of shock.

Since the start of vaccination against COVID-19, dis-
ease severity and overall mortality related to complica-
tions have been greatly mitigated. Patients fully
vaccinated against COVID-19 are very less likely to have
severe symptoms leading to shock and ICU hospitaliza-
tion. We anticipate that as the pool of vaccinated individ-
uals continues to increase, the less we are to encounter
patients with severe symptoms and complications. That
notwithstanding, they have been reports of adverse
effects, including cardiovascular complications such as
myocarditis and pericarditis occurring predominantly in
males after receipt of the second vaccine dose of any of
the available COVID-19 vaccine.?®°° Despite this, the
Advisory Committee on Immunization Practices (ACIP)
maintained that the benefits, i.e., prevention of COVID-
19 disease and associated morbidity and mortality, far
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Table 1.

Drug

Catecholamines
Norepinephrine

Epinephrine

Dopamine

Dobutamine

Phenylephrine

Isoproterenol

Phosphodiesterase
inhibitors
Milrinone

Others
Vasopressin®

Clinical Indication

Vasodilatory shock
Cardiogenic shock

Vasodilatory shock
Cardiogenic shock
Anaphylactic shock
Bradycardia

Cardiogenic shock
Bradycardia

Cardiogenic shock
Decompensated HF
Bradycardia

Vasodilatory shock
Post cardiac arrest

Cardiogenic shock
Bradyarrhythmias
Torsade de pointes

Decompensated HF
with evidence of
end-organ
hypoperfusion®.

Vasodilatory shock

Note on use in COVID-19  Major Side Effects

Vi*

N/A

N/A

N/A

N/A

Dose Range Receptor Binding
al pB1 B2 DA

0.025 - 1 meg/kg/min+ +++++ +++ ++ N/A

0.05 - 0.4 mcg/kg/min

0.01-0.5meg/kg/min - +++++ ++++ +++ N/A

0.01 - 0.5 mcg/kg/min

0.01-0.03 mg/kg

0.1 - 0.5 meg/kg/min

5 - 15 meg/kg/min** +++

5 -20 meg/kg/min.

Usualdosingrangeis2- + +++++ +++ N/A

20 meg/kg/min
0.5 - 6 meg/kg/min +++++ O 0 N/A

0.5 - 2 meg/kg/min

2 - 20 meg/minute 0
2 - 10 meg/min
2 - 10 meg/min

0.125t0 0.75 meg/kg/
min

Initial: <0.03 units/min N/A
added to

norepinephrine®”

++++++++++ N/A

N/A

N/A

N/A

FHttt

v2*

N/A

N/A

N/A

N/A

N/A

N/A

patients

Hypertension and
arrhythmias

Norepinephrine is the first-
line drug. See Gubbi
et al”" for a discussion of
the complex interplay
between catecholamines
and COVID-19

Not the preferred initial
agent in cardiogenic
shock. See Gubbi et al”’
for a discussion of cate-
cholamines and COVID-
19

Not the preferred initial
agent in cardiogenic
shock. See Gubbi et al”’
for a discussion of cate-
cholamines and COVID-
19

According to AHA and
ACCF, doses >20 mcg/
kg/min are not recom-
mended in heart failure

Not a first-line or second-
line treatment for septic
shock™

May further reduce systemicParadoxical bradycardia,
vascular resistance tachyarrhythmias, ven-

tricular arrhythmias

Arrhythmias and
hypertension®?

Hypertension and
arrhythmias

Tachycardia, PVCs, and
angina pectoris

Hypertensive and reflex
bradycardia®

Requires renal dose
adjustment®

hypotension®®

Use in addition to norepi-

Ventricular and supraven-
tricular arrhythmias and ~ milrinone

Contraindications

No contraindications to
its use in a life-threat-
ening situation

No absolute
contraindications

Pheochromocytoma
and
tachyarrhythmias®.

Pheochromocytoma
and
tachyarrhythmias.”®

No absolute
contraindications

Preexisting ventricular

arrhythmias, cardiac
glycoside overdose®

Hypersensitivity to

Arrhythmias, hypertension Hypersensitivity to

nephrine and titrate to the  decreased CO (at doses vasopressin

lowest effective dose. >0.4 U/min)®°

Caution with doses

(continued on next page)
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Table 1. (continued)

Drug Clinical Indication Dose Range Receptor Binding Note on use in COVID-19  Major Side Effects Contraindications
o1 Bl B2 DA VI* v patients

>0.083 units/min. Taper by
0.01 units/min every 30 -

60 min®”
Levosimendan” Decompensated HF  Initial: 6 - 12 mcg/kg N/A N/A Tachycardia and None
infused over 10 min. hypotension®®
Maintenance: 0.05 -
0.2 mcg/kg/min
Synthetic Angiotensin IISeptic or other distrib- Initial: 10 to 20 ng/kg/ N/A Angiotensin Il Receptor Use with concurrent VTE  None
utive shocks min (max dose of 80 Blockers may diminish prophylaxis since arterial
ng/kg/min during the therapeutic effect. Angio-  and venous thrombotic
first 3 hours of treat- tensin-Converting Enzyme  and thromboembolic
ment; max mainte- Inhibitors may enhance events have been
nance dose of 40 ng/ therapeutic effects® ' reported®® '

kg/min); titrate every 5
minutes by up to 15
ng/kg/min. Down-
titrate every 5to 15
minutes by up to 15
ng/kg/min to wean®’

oy, a-1 receptor; B+, B-1 receptor; B, B-2 receptor; DA, dopamine receptors; + through +++++, minimal to maximal relative receptor affinity; N/A, not applicable; AHA; American Heart Association, ACCF; American Col-
lege of Cardiology Foundation, HF; heart failure, CO; cardiac output, MAP; mean arterial pressure, CrCl; creatinine clearance, AV; atrioventricular, VTE; venous thromboembolism. PVCs; premature ventricular contractions
“V1 receptors (abundant in vascular smooth muscle), vasopressin stimulates GPCR, phosphatidylinositol/calcium pathway leading to vasoconstriction; V2 receptors (abundant in renal collecting duct system), vasopres-
sin couples V2 receptors with the Gs signaling pathway, activating cAMP. Increased intracellular cAMP in the kidney triggers fusion of aquaporin-2-bearing vesicles with the plasma membrane of the collecting duct cells,
thereby increasing water reabsorption. '®"
# Calcium sensitizer; exerts its positive inotropic effect by increasing calcium sensitivity of myocytes by binding to cardiac troponin C. Its vasodilatory effect occurs via opening adenosine triphosphate (ATP)-sensitive K*
channels in vascular smooth muscle cells leading to vasodilation.®® Drug not currently available in the US
% Acts via Ang Il receptors causing (1) constriction of efferent arterioles in the kidneys and (2) in the adrenal glands causing the release of aldosterone.%%°
" Inotropic actions predominate at doses at the lower end of this range. Low dose: Renal dopamine receptors predominate. Intermediate dose: Dopamine and beta-adrenergic effects predominate. High dose: Alpha-
adrenergic effects predominate.
#* Except when (1) norepinephrine is associated with serious arrhythmias, (2) cardiac output is high and blood pressure persistently low, or (3) the combination of inotrope/vasopressor and low-dose vasopressin failed to
achieve target MAP %4
# Should be combined with standard therapies. For renal dose adjustment, CrCl 10 to 50 mL/minute: Initial: 0.0625 to 0.125 mcg/kg/min and titrate cautiously. Titrating to >0.375 mcg/kg/min is not recommended
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outweighed the risks, i.e., expected myocarditis cases
after vaccination in the recommended populations.

CONCLUSIONS

Although known primarily for its effect on the pulmo-
nary system, the SARS-CoV-2 virus is also notable for its
extrapulmonary manifestations. Particularly, the cardio-
vascular system is prone to the direct and indirect effects
of the virus whose affinity for tissues comprising this sys-
tem remains wholly unclear, though mechanisms impli-
cating the ACE2 receptor have been implicated. The
cardiac complications of COVID-19 reported in the litera-
ture most notably include myopericarditis leading to
shock and increased morbidity and mortality. Therefore,
it is important that providers are made aware of these
potential complications, anticipate treatment strategies,
and familiarize themselves with tools at their disposal
which can be utilized to improve overall outcomes
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