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ABSTRACT

Sars-Cov-2 binds to ACE-2 receptor, resulting in excess amount of ACE-1 dependent angiotensin production. Sars-
Cov-2 has four stages of symptoms, 80% if symptomatic patients have been shown to only suffer a “mild” disease
course, meanwhile 20% endure stage 3, which is characterized by conditions such as ARDS, shock, and multiorgan
failure. The binding of Covid to ACE receptors promotes the conversion of angiotensin 1 to angiotensin 2, constricting
blood vessels, leading to thrombosis, lack of oxygen, and Ischemia. In Cardiac injury, the Covid receptor becomes
represented in the heart, inducing in a pro-inflammatory increase, high cytokine concentrations, myocyte cardiac
apoptosis, cardiac arrythmia, cardiac fibrotic tissue, myocarditis, and Heart failure. Cytokine storms associated with
production of S1P, TNF activation of MMPs prompts myocardial depression, dilation of LV, and Heart failure. Covid-
induced Sepsis corresponds with dysregulated host immune responses, increased pro-inflammatory mediators, fluid
leakage, increase in cGMP, LV dysfunction, and arrythmia. Blood clots in the capillaries surrounding the kidneys
generate renal impairment. Progression of renal impairment generates a state of systemic inflammation. Increased
sodium content in the body results in elevated plasma blood and uncontrolled hypervolemia. Emotional and physical
stresses during Sars-Cov-2 induce blood gas changes, angiotensin converting enzyme imbalance, and immune/inflam-
matory factors. Overactivation of the SNS induces Takotsubo syndrome. In ARDS, fluid leak in the membrane gas
exchange region of the lung results in vascular remodeling. Inducing further vascular remodeling as part of the body’s
response to hypoxia. The constant vascular remodeling triggers RHF.

Introduction

Overview of Covid-19

In late 2019, a new strain of Coronavirus, Sars-Cov-2, was discovered. This virus resulted in an almost immediate
global pandemic, fully shutting down countries like Italy, Germany, and Sweden. Currently, Sars-Cov-2 has a recorded
over 194 million cases with more than 4.16 million deaths. According to the Sepsis alliance, a person with no existing
conditions only has a 0.9% mortality rate. Meanwhile, someone with cancer has a 5.6%, abnormally high blood pres-
sure is 6%, chronic respiratory disease is 6.3%, diabetes is 7%, and cardiovascular disease is 10.5%.

When Sars-Cov-2 enters the body, it binds to the ACE-2 receptor, instigating in a decrease of its regulation
over the ACE-1 receptor. The ACE-2 receptor is known to participate in “feed-back regulation” of the renin-angio-
tensin system through impeding ACE-1 production. However, since Covid binds to the receptor, ACE-2 can no longer
participate in its regulation, resulting in an excess amount of ACE-1dependent angiotensin production, causing nox-
ious vasoconstrictive, and pro-inflammatory and prooxidative effects on the patient's vascular system. This Covid-19
induced ambulance of the ACE-1/ACE-2 receptors brings about the ACE-1 “shedding” phenomenon, believed to
augment local inflammation.
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Overview of Heart layers and Heart failure

The heart is surrounded by three layers: Epicardium, myocardium, and endocardium. Epicardium consists of the Fi-
brous pericardium and Serous pericardium. The serous pericardium contains the Visceral pericardium, parietal peri-
cardium, and the pericardial cavity. The pericardial cavity contains the pericardial fluid which is responsible for cush-
ioning the outer and inner layers of the pericardium. The fluid allows the heart to expand and contract.

The heart is a four-chamber organ consisting of the right atrium, right ventricle, left atrium, and left ventricle.
It also consists of the inferior vena cava which carries blood from the legs, abdomen, back, pelvis to the atrium. The
left ventricle, the main powerhouse of the heart, pumps blood through the systemic circulation. The right ventricle,
which conveys the right branch of the atrioventricular bundle (part of the heart's conduction system), contains deoxy-
genated blood. The atrioventricular bundle is responsible for making sure that the papillary muscles contract before
the rest of the ventricle. As a result, the papillary muscles generate tension on the chordae tendineae, preventing the
valve flaps and blood from being forced back into the atria.

Heart failure is a condition characterized by the hearts inadequate ability to pump blood. The mortality of
heart failure increases by the time a person has the condition. According to the Framingham Heart Study, the mortality
rate is 10% for the first 30 days, 20-30% at one year, and 45-60% at four or more years. There are four stages to Heart
failure: stage A, pre-heart failure, is when a person has an increased chance of developing this condition due to family
history. Stage B is characterized by a patient diagnosed with Left Ventricular dysfunction without the symptoms of
heart failure. During Stage C, a patient has been diagnosed with heart failure and is exhibiting symptoms, or previously
exhibited symptoms; these symptoms may go away with treatment. Stage D Heart failure is characterized by advanced
symptoms that do not resolve with treatment.

Key Words

Heart Failure: Heart cannot adequately pump blood

Ischemia: Inadequate blood supply to an organ, especially the heart

Thrombosis: Formation of blood clots

Mpyocarditis: Inflammation of the myocardium of the Heart

Inflammatory Mediator: Molecules that function in promoting inflammatory response through the release of special
substances

Mpyocardial Depression: Abnormal cardiomyocyte function, defined by contractile dysfunction and/or impaired re-
laxation such as inflammatory cytokines

Left Ventricular Dysfunction: A deformation and/or damage of the Left Ventricle that results in an abnormal end-
diastolic volume

Septic Shock: Widespread infection resulting in organ failure and Low blood pressure

Renal Impairment: Kidneys lose ability to remove waste and balance fluid

Volume Overload: Expansion of extracellular fluid volume

RAAS (Renin-Angiotensin-Aldosterone system): hormone system in the body that is essential for the regulation of
blood pressure and fluid balance

Sympathetic Activation: Response of the Sympathetic nervous system in stressful situations

Stress cardiomyopathy: Intense emotional and/or physical stress causing acute reversible Cardiac Dysfunction
ARDS (Acute respiratory Disorder): Respiratory failure characterized by rapid onset of widespread inflam-
mation in the lungs causing fluid to collect in the lungs’ air sac, depriving the organs of oxygen

Pulmonary Hypertension: Type of high blood pressure that causes an increase in the muscles in the walls of
blood vessels in the lungs

Right Heart Failure (RHF): Deformation and dysfunction of the right heart structures in response to increase
vascular resistance
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Fig.1 Covid-19 pathway to Heart failure. Reprinted by permission from Springer Nature: Springer, Heart Failure
Reviews, (Bader et al, 2020), “Heart failure and COVID-19,” F. Bader, Y. Manla, B. Atallah, R. Starling, Copyright
2020.

Metabolic Demand

A person’s metabolic health is determined by the proper functioning of the metabolic processes coordinated by mul-
tiple physiological systems. A disturbance in those systems can cause a defective organismal metabolic process, re-
sulting in the decline of the patient’s metabolic health. This makes poor metabolic health a leading risk factor in the
development and fatality of Sars-Cov-2. Examples of the risk factors in poor metabolic health include Type 2 diabetes,
Obesity, and Hypertension. Individuals who are high-risk usually have some sort of condition that impairs their im-
mune and antiviral responses to Covid and/or other viral and bacterial illnesses.

Certain risk factors such as Diabetes have been known to increase the risk of pulmonary fibrosis and reduce
respiratory function. Obesity has been known to cause physical stress on ventilation through the obstruction of the
Diaphragm excursion. Also, Hypertension can induce in blood clots such as Deep Vein Thrombosis as well which can
cause arrhythmia.

A significant factor when looking at how Covid effects metabolic health is whether the patient is asympto-
matic or symptomatic. Asymptomatic individuals will maintain their health during the disease through the represen-
tation of the health phenotype. Symptomatic individuals will exhibit symptoms after a pre-symptomatic phase. Statis-
tics show that 80% of those with symptoms will display a mild disease “course”, meanwhile 20% will advance to
more severe stages including ARDS, Pneumonia, Septic Shock, etc. There are 4 stages of symptoms and recovery in
Sars-Cov-2.
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Fig. 2 Graph portrays the three stages of Metabolic Health during Sars-Cov-2. The further covid progressed in stages,
the lower the patient’s health became. The New baseline health is the difference between a person’s previous maxi-
mum health (before Sars-Cov-2) and their current health after recovery. Stage 4 is the recovery stage, which is called
resilience. Reprinted by permission from Springer Nature: Nature, nature metabolism, (Ayres, 2020), “A metabolic
handbook for the COVID-19 pandemic,” J. S. Ayres, Copyright 2020.

Patients with stage 1 symptoms will present with fever, dry cough, and any other general sense of discomfort,
lack of interest in activities, fatigue, etc. Patients who progress to stage 2 will go through two different mini stages.
Stage 2a is characterized by pneumonia without hypoxia, meanwhile, stage 2b is characterized by pneumonia with
hypoxia. Stage 3 is considered to be the fatal stage of Covid. Patients in this stage develop conditions such as Acute
Respiratory Disease Syndrome, Shock, and multiorgan failure. The final stage, stage 4, is the “recovery” stage. All
patients, whether they went through stages 2(a)-3, go through stage 4. During stage 4, most patients will recover and
return to their maximum health. However, certain patients will not fully recover, establishing a new baseline health.
Patients who recover during stage 4 exhibit a resilience phenotype.

Critical phases of Covid-19 are induced by excess inflammatory responses, patients with compromised met-
abolic health will have an increased chance that response reaches the pathogenic level, as well as cause physiological
harm. Examples include the process by which diabetes causes diabetic kidney disease leading to a decline in kidney
function. Patients with compromised metabolic health due to issues such as excess inflammatory responses are at
greater risk of hyperglycemia and hypertension damage to blood vessels resulting in an altered heart structure. A
patient who suffers from hypertension develops a substantial risk for Ischemia, which can cause Heart failure.

Thrombosis

Research done on rats shows that the Sars-Cov-2 virus instigates in an increased Thrombosis, specifically in the Infe-
rior Vena Cava. When the virus binds to the ACE-2 receptor enzyme, the expression of the enzyme is decreased. The
ACE receptor inhibitor binds to the angiotensin receptors converting angiotensin 1 to angiotensin 2. This conversion
promotes an exaggerated constriction of the blood vessels. This reduces fibrinolysis, ensuring a major increase in
blood clots. Thrombosis can lead to mainly deadly diseases, most commonly Ischemia.

The blockage of the coronary flow caused by Thrombosis causes a disturbance of the oxygen supplements,
glucose supplements, and a washout in the affected tissue. Thrombosis also leads to a sudden increase in K* extracel-
lular concentration, causing cardiac arrhythmia. Cardiac Arrythmia causes a diastolic dysfunction, prompting Left
Ventricular Dysfunction and Heart failure.
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Fig. 3 Highlights the major steps in which Sars-Cov-2 causes Heart failure through Direct Cardiac Injury, specifically
myocarditis.

Direct Cardiac Injury is when the tissue surrounding the heart (as well as the heart walls) becomes inflamed.
A direct cardiac injury is considered to be an immediate and direct cause of Covid because the virus infects the heart
tissue.

When Sars-Cov-2 infects the heart, its receptors become represented in the myocardial cells, resulting in both
a sudden pro-inflammatory increase and a high cytokine concentration. The sudden increase in pro-inflammatory me-
diators is known to have an association with systemic inflammation. The systemic inflammation can have two different
types of effects on the heart. First, it can cause contractile dysfunction as well as myocyte cardiac apoptosis, this
condition is considered essential to causing Heart failure in a patient, leading to myocarditis; or it can lead to patho-
logical remodeling of the extracellular matrix, leading to myocardial fibrous lesions, causing cardiac fibrotic tissue,
leading to myocarditis. The myocardial fibrous lesions caused by the pathological remodeling of the extracellular
matrix induces an increased collagen type 1 deposition (increases the strength of the wound), as well as cardiac fibro-
blast activation and differentiation into myofibroblasts (contributes to many different properties of the myocardium).
This increase in collagen and fibroblasts can bring about cardiac fibrotic tissue.

Another possible result of the Sars-Cov-2 being represented in Cardiac cells is high cytokine concentrations.
The high cytokine concentrations result in cytokine-induced organ dysfunction, specifically cardiac arrythmia, through
an inflammatory immune dysregulation. Cardiac arrythmia and myocarditis work simultaneously. Cardiac arrythmia
is the heart's inability to keep a good electrical signal.

Myocarditis is the heart's reduced ability to pump, resulting in an abnormal heartbeat and heart failure. My-
ocarditis is either caused by inflammation of pro-inflammatory mediators: myocyte cardiac apoptosis, or cardiac fi-
brosis tissue. Myocarditis can also be caused by high cytokine concentrations resulting in an abnormal.
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Fig. 4 Cytokines storms, associated with overaction of the immune system instigate excess production of S1P and
TNF activation of MMP. Excess production of S1P induces myocardial depression, prompting LV dysfunction. TNF
activation causes an overexpression of TNF, stimulating dilation of LV, resulting in LV dysfunction. LV dysfunction
incites Heart failure

Cytokine Storms are commonly associated with Sars-Cov-2. When a Cell gets infected, it activates a large number of
white blood cells, which includes natural killer cells, T-cells, dendritic cells, B-cells, macrophages, and monocytes.
This activation releases inflammatory Cytokines through receptor-ligand interactions. The discharge of inflammatory
cytokines activates a higher white blood cell count through a Positive Feedback Loop. After the pathogenic trigger,
the repair process starts which can cause one of two results:

1. Gradual restoration of organ function
2. Fibrosis occurs in healing leading to persistent organ malfunction

This process can lead to a direct effect of Cytokines on the heart, or an indirect effect, with Cytokines causing
myocardial Depression. In terms of Myocardial Depression, it is believed to be caused by the production of Sphingo-
sine 1-phosphate(S1P) in Cytokines. S1P moderates cell fate and inflammation in both the physiological and patho-
logical conditions.

Cytokines direct effect on the heart was found to be the result of the overexpression of Tumor necrosis factor
(TNF). TNF regulates cardiac function through two pathways: (1) “Immediate pathway that is manifest within minutes
and is mediated by activation of the neutral sphingomyelinase pathway” (Douglass L. Mann, 2015, 1254-1268),
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followed by (2) “A delayed pathway that requires hours to days to develop and is mediated by NO-mediated blunting
of B-adrenergic signaling” (Douglass L. Mann, 2015, 1254-1268).

Research shows that activation of matrix metalloproteinases (MMPs) via Tumor Necrosis Factor (TNF)
causes an overexpression of the TNF cytokine. Studies done in transgenic mice found that targeted overexpression of
TNF cytokines in the heart resulted in a depressed Left Ventricle ejection. TNF promotes the remodeling of LV
through alterations in the extracellular matrix. Researchers found that TNF causes a time-dependent modification in
Left Ventricle size resulting in progressive deterioration of the extracellular matrix. Other studies done in mice also
found that it was possible to develop LV dilation. Kubota et al observed the overexpression of TNF over a 24-week
period and found that it led to progressive dilation of the Left Ventricle.

Septic Shock

Covid infects body

Dysregulated host immune Increase cGMP Heart Overworks
response
v
Increased Pro_-mflammatory Activates SGC LV Dysfunction
mediators
v
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v
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Fig. 5 Flowchart portrays the pathway by which Sars-Cov-2 induces Heart failure through sepsis and septic shock.
Sars-Cov-2 causes an overaction of the immune system resulting in fluid leaks, excess of production of Nitric Oxide,
activation of soluble guanylate cyclase, increase in cyclic guanosine monophosphate, LV Dysfunction and Arrythmia.
The heart being overworked can result in arrythmia causing LV dysfunction and Heart failure, as shown by the blue
arrows; or it can result in LV dysfunction, causing Arrythmia and Heart failure.

Sepsis is the body's overreaction to an infection triggering inflammation throughout the body. There are two types of
sepsis: bacterial sepsis, the most studied and more commonly seen version, and viral sepsis, the understudied version
that is not as commonly seen. Covid can cause viral sepsis, an indirect response to Sars-Cov-2 due to the virus’s
presence and not the virus infecting the tissue. Covid-induced viral sepsis is caused by the host's dysregulation re-
sponse to the virus (the host attacks the body). The dysregulated response results in an increased pro-inflammatory
mediator response (as commonly seen in other conditions caused by Sars-Cov-2). The increased pro-inflammatory
mediator response brings together the red blood cells, compromising the microvascular blood flow. The compromised
blood flow leads to fluid leaks in intercostal spaces and surrounding tissues, resulting in Septic Shock. Septic Shock
is a condition in which sepsis is complicated by either hypotension that is refractory to fluid resuscitation (the com-
promised microvascular blood flow) or by hyperlactatemia.
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A common middle ground between Septic Shock and Heart failure is Left Ventricular dysfunction. Left Ven-
tricular dysfunction is when the left ventricle heart chamber is damaged or defective. There are many reasons for LV
dysfunction including blockage of blood passage, oxidative stress, inflammatory actions, Vasoplegia and myocardial
injury. Vasoplegia is what is known to be a common cause of LV dysfunction from Septic Shock. In the body's blood
vessels, vascular resistance is used to maintain organ perfusion. Vasoplegia causes a persistent and irreversible hypo-
tension leading to a loss of vascular tone occurring through a “multifactorial mechanism” indicating a disruption
between vasoconstrictors and vasodilators.

Nitric Oxide Synthase (iNOS) plays a major factor in this process. Sepsis-induced iNOS brings about a rise
in the production of NO, resulting in an activation of the soluble guanylate cyclase (sGC). The activation of sGC
generates an increase of cyclic guanosine monophosphate (cGMP). The increase in cGMP triggers a relaxation of
myocardial and vascular smooth muscle, resulting in persistent and irreversible hypotension.

This hypotension leads to an increase of the heart rate resulting in the heart becoming hypertrophied including
the left ventricle. The hypertrophied heart develops arrhythmia, inducing Heart failure.

Covid Forms Blood clots in
Cappillaries
Reduced synthesis/increased Impaired liver macrophage
degradation of albumin function
State of systemic inflammation
Volume Overload
Uncontrolled Hypervolemia

Circulating Endotoxemia

Higher LVMI
LV Dysfunction

Heart Failure

Fig. 6 Portrays the pathway by which Sars-Cov-2 stimulates Heart failure through renal impairment. Blood clots in
the capillaries cause renal impairment, which lead to the other conditions shown in the figure. Patients with Sars-Cov-
2 gradually lose their ability to eject salt and water, along with a reduced synthesis and increased degradation of
albumin, leading to a state of systemic inflammation, volume overload, uncontrolled hypervolemia, LV dysfunction,
and Heart failure. The blood clot in the capillaries impair liver macrophage function, cause circulating endotoxemia,
higher LVMI, LV dysfunction, and Heart failure.

Renal Impairment is caused by blood clots, formed by Sars-Cov-2, in the capillaries surrounding the kidneys. Patients
with renal impairment steadily lose their capability to excrete salt and water. As renal impairments continually pro-
gress, there is a combination of reduced synthesis and increased degradation of albumin. This altered state of albumin
has also been correlated to a state of systemic inflammation. The impairment of excretion of synthesis and water,
combined with hypoalbuminemia (low level of albumin in blood) causes volume overload.

The increased sodium content in the body causes the body to attempt to balance the increased levels with
water. However, the body produces too much water causing elevated plasma blood levels. Increase in interstitial pres-
sure results in uncontrolled hypervolemia. This overload of pressure causes increased stress on the vein walls during
systole resulting in LV dysfunction.
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Renal Impairment can also result in Endotoxemia. There is no definitive evidence as to how this occurs, but
there is a theory that impaired liver macrophage function reduces endotoxin elimination. As a result, increased endo-
toxin presence in the blood circulates throughout the body. A collaboration of universities, including the University
of Witwatersrand, did a study that found patients with elevated levels of circulating endotoxemia had a higher LVMI.
In males, elevated levels of LVMI consist of greater than 115 grams per square meter, and in women, greater than 95
grams pers square meter.

Sympathetic Activation

Emotional/physical stressors

Overstimulation of SNS

Surge in catecholamines

Microvascular Dysfunction

Direct cardiomyocyte injury

Epicardial Spasms

Takotsubo Syndrome

Heart Failure

Fig. 7 Diagrams the process by which Sars-Cov-2 induces heart failure through the overstimulation of the Sympathetic
Nervous System (SNS). Emotional/Physical stressors induce overstimulation of the SNS. Overstimulation stimulates

a surge in catecholamines causing Direct cardiomyocyte injury, epicardial spasms, and microvascular dysfunction.
Another complication of catecholamines surge is reversible stress cardiomyopathy (Takotsubo Syndrome). Enlarge-
ment of the ventricle caused by Takotsubo, a version of LV dysfunction, leads to heart failure.

Covid-19 causes sympathetic activation in multiple ways. Most common are emotional and physical distress, however,
Covid can also cause changes in blood gases, angiotensin conversion enzyme imbalance, emotional distress, and in-
creased production/release of Angiotensin II. Covid induced alterations have been associated with aggravated over-
activation of the sympathetic nervous system.

The overactivation of the sympathetic nervous system has been discovered to cause Takotsubo. Takotsubo,
which mainly affects postmenopausal women, is a specific type of LV dysfunction that is triggered by a strong emo-
tional or physical stressor. It has been found that catecholamines are associated with this reversible stress-cardiomy-
opathy syndrome. The overstimulation of the sympathetic nervous system results in a surge of catecholamines, causing
epicardial spasms, direct cardiomyocyte injury, and microvascular dysfunction. Especially in the apex of the heart,
which was theorized to be more sensitive to the surge of Catecholamines caused by sympathetic stimulation.

Acute Respiratory Disorder
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Fig. 8 Flow chart portrays the process by which Sars-Cov-2 induces Heart failure through ARDS. The recruited mac-
rophages release chemokines and cytokines resulting in neutrophil’s recruitment and increased capillary permeability.
Induced ARDS triggers chronic hypoxia increased the pulmonary vascular resistance, prompting pulmonary hyper-
tension, right heart failure, and Heart failure.

The membrane gas exchange region prevents air bubbles from forming in the blood and entering the alveolar. During
ARDS, there is an “Acute and diffuse inflammatory damage into the alveolar-capillary barrier associated with a vas-
cular permeability increase and reduced compliance, compromising gas exchange and causing hypoxemia” (Batah et
all 2020, 106239).

Patients infected with Sars-Cov-2 secrete pro-inflammatory cytokines as a result of “recruited” monocytes
in the alveolar space. The “recruited” macrophages also release chemokines and other cytokines, resulting in neutro-
phils recruitment and elevated capillary permeability. The excessive neutrophils degranulation causes permanent harm
endothelial cells and pneumocytes, provoking a breakage in the alveolar-capillary barrier.

In a patient with ARDS, there is an elevation of pulmonary vascular resistance. Pulmonary hypertension is
also known to be caused by chronic hypoxia which resulted from ARDS. The vascular wall is in a balance between
proliferation and apoptosis. In patients with Pulmonary hypertension, the vessel wall thickens, destroying the vessel
lumen causing increased resistance. The increased resistance causes vascular remodeling, leading to an increase in
pulmonary pressure generating further vascular remodeling. This process is all caused by the reaction of the body's
cells to hypoxia.

The cellular response to hypoxia has been noted to result in a dramatic increase of Ca®* levels. The increase
of this ion results in the activation of calmodulin, MAPks, and expression of the proto-oncogene c-fos. The increased
levels of Ca?* in SMC has also been shown to control growth and proliferation. In the end, the dramatic increase in
different ion levels, as well as different proteins and gene expressions leads to vascular remodeling. The vascular
remodeling also causes an increase in the muscle of the blood vessels going to the right ventricle, inducing increased
blood pressure in the vessels. The blood pressure of these vessels on average are lower than both the diastolic and
systolic pressure. Excessively high blood pressure in the vessels entering the right ventricle may trigger right heart
failure.

Right heart failure is the right ventricles response to pulmonary hypertension. Due to the lack of substantial
research in right heart failure, researchers cannot assess a definitive process from PH to RHF. However, researchers
believe that patient has Pulmonary hypertension, the Right Ventricle increases the afterload. There are a multitude of
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responses that could result from increased afterload: hypertrophy of the RV, reduced coronary blood flow, dilation of
the Tricuspid annulus, and displacement of the interventricular septum; all of which can result in Right Heart Failure.

Conclusion

Sars-Cov-2 is a virus that initially causes an imbalance in the ACE-1 and ACE-2 levels. The virus uses its receptor to
attach to the ACE-2 causing increased blood pressure, resulting in a multitude of dangerous conditions. Patients who
suffer from Covid-19 may experience metabolic health issues, Thrombosis, Ischemia, Direct cardiac injury, Myocar-
ditis, inflammatory mediators, Myocardial depression, excessive inflammatory mediators such as cytokine storms,
Septic shock, Renal impairment, Volume overload, Fluid overload, overactivation of the Renin-angiotensin system,
Stress cardiomyopathy, Sympathetic activation, Acute respiratory distress syndrome, Pulmonary hypertension, right
heart failure, Left ventricular dysfunction, and Heart failure. There are currently 4 vaccines available: Pfizer, Moderna,
Johnson & Johnson, and AstraZeneca. The Pfizer and Moderna vaccines both got emergency approval by the FDA
and use a new concept of mRNA to give instructions to cells. There are currently no antiviral treatments available to
the public, however, Pfizer is working on an antiviral which stops the replication of Sars-Cov-2 using protease inhib-
itors that bind to the viral enzymes.
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