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Abstract

Coronavirus disease 2019 (COVID-19) is primarily an infection of the respiratory tract,
but it can have multisystem manifestations. Cardiac complications of COVID- 19 can
range from acute myocardial injury, cardiac arrhythmias, or heart failure, amongst
others. Heart failure (HF) in COVID 19 can be a de novo process or due to worsening of
pre-existing cardiovascular ailment. HF in a patient with COVID 19 not only poses
challenges in clinical presentation and management of COVID-19 but also affect
prognosis of the patient. This article aims to succinctly revisit the implications of this
pandemic regarding pre-existing HF or new-onset HF based on prevailing data. It also
focuses on the management and special recommendations from prior studies and

guidelines.

Key Words: COVID-19; Coronavirus; Cardiomyopathy; Heart Failure; CHF;

Cardiomyopathy

Sharma M, Jagirdhar GSK, Guntupalli KK, Kashyap R, Surani S. Heart Failure and
Coronavirus 2019. World | Cardiol 2022; In press

Core Tip: The mini-review is composed of assimilation of guidelines and current
literature recommendations for managing heart failure in Coronavirus-19 patients. We
discuss many important aspects of Heart-Failure in COVID-19 from epidemiology to
post recovery rehabilitation.

INTRODUCTION

Since its emergence in December 2019, severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection has affected all continents. The case count of COVID-19
continues to soar to-date, as evident by more than 300 million global caseloadsl!l.
COVID-19 typically presents as a respiratory tract infection, but we have witnessed it

herald a multisystem disorder in a lot of patients, including but not limited to the




cardiovascular system. Cardiac manifestations of COVID 19 can be broad, and
symptoms generally stem from myocardial injury, cardiac arrhythmias, cardiogenic
shock, HF, or sudden cardiac death/?l B 4 Bl This article attempts to provide a brief
review of all the major topics related to heart failure and covid-19 from epidemiology,
diagnostic tools to the important management options, and post-recovery rehabilitation.
It gives insights on breakthrough vaccination and cardiac complications post COVID-
19. It attempts to touch on treatment options in various situations encountered while

treating heart failure patients.

Epidemiology

An accurate incidence of HF in COVID-19 is difficult to determine as there are not
abundant definitive data on it. HF in COVID-19 can be due to worsening of preexisting
known or undiagnosed heart disease. Besides, it could also be a new onset HF due to
hemodynamic stress, ischemic cardiomyopathy, or nonischemic cardiomyopathy.
Available studies have not always clearly discerned a new-onset HF from worsening of
chronic HF. As evident in table 1, HF was present at baseline in up to 23 % of cases
while up to 7% of patients with COVID-19 had a new-onset HF as a complication of the
infectionl® 71 8.9 . However, we must bear in mind that there seems to be a wider range
in these data reported. The other caveat is that not all studies have clearly demarcated
the incidence and acuity of pure right heart failure from left heart failure to
biventricular loss. Creel-Bulos C et al, described five patients with acute right HF in
their case series from March 23t to April 4th, 2020, in an intensive care unit in Georgia,
USA0L With the progression of the pandemic, Garcia et al conducted a combined
pooled analysis of 3813 patients and found to have right HF in as high as 20.4% of
patients with COVID-191111,




Table 1 shows data on incidences of acute, chronic heart failure, and acute heart failure

Etiopathology

Two types of mechanisms for myocardial injury are described in prior literature. ie
direct or specific and indirect effectsl24].

SARS-CoV-2 directly attaches to the ACE2 on the myocardium and causes cell damage
and death. It also decreases the protective and anti-inflammatory properties of ACE2 on
the myocardium through its downregulation.

Sympathetic activity causing Tachycardia from underlying infection, prolonged
immobility causing coagulopathy, hypoxemia, hemodynamic changes are indirect
effects worsening the cardiac statusl?!l. Severe inflammatory response causing surge of
cytokines like Interleukins, Tumor necrosis factor, interferons' play a major role in the
pathogenesis of pulmonary and myocardial damage leading to ARDS and various
cardiac complications?®l. It can precipitate new cardiac failure and worsen the course in

underlying failure patients(2.

Pre-existing HF can exacerbate during COVID-19, as evident in other viral illnesses
such as Influenza ['3I. Stress cardiomyopathy, vasculitis, thrombosis of coronary arteries,
fissuring, and rupture of atheromatous plaque leading to acute myocardial ischemia can
be some of the ischemic and nonischemic causes of acute cardiomyopathy and
subsequent HF['6. 771, One study evaluated that cardiogenic shock resulting from
myocardial injury occurred in upto 10% of patients in shock and can result in worse
prognosis compared to hypovolemic or distributive shock in COVID-19 patients|26l. 48%
of patients had normal Ejection fraction and low cardiac index shock from low end
diastolic volumes which was due to use of Peak end expiratory pressures and

mechanical ventilation causing decreased venous return. Cytokine storm detailed above




can result in distributive shock/?l. Pulmonary embolism from coagulopathy and
pericardial tamponade can cause obstructive shock which are reported in COVID-
19. Worsening of chronic kidney disease or onset of acute kidney injury leading to
volume overload has been reported in up to 29% of patients with COVID-19 and
chronic HF [618],

Acute right heart failure (RHF) in COVID-19 has been primarily thought to be due to
acute respiratory distress syndrome (ARDS) and severe hypoxemia. RHF due to acute
pulmonary embolism has also been reported in 5-22% of cases by different authors(1% 201,
High clot burden was also found in patients with right heart strain from pulmonary
embolisml2!l. Patients with COVID-19 are several times at higher risk of pulmonary
embolism compared to non-COVID-19 patients and is also associated with higher
mortality(2)l. Severe Acute Respiratory distress syndrome may lead to pulmonary
hypertension and cause right-sided heart failure. Myocardial injury and myocarditis
can also weaken the right heart ventricle in COVID-19. Right heart failure in COVID-19
is associated with increased mortality[22 23] Etiopathology of HF in COVID-19 has been

summarized in inline diagrams in Figures 1 and 2.

Figure 1 shows different causes of acute and chronic left Heart failure in COVID 19

Figure 2 shows the most likelv causes of right heart failure in COVID 19

Clinical evaluation and utility of diagnostic tools

Symptoms of HF, in general, can be due to reduced cardiac output causing fatigue and

weakness. It could also be due to excessive fluid accumulation resulting in dyspnea,




orthopnea, paroxysmal nocturnal dyspnea, cough, and edema. Patients in cardiogenic
shock could have a low cardiac output state. Overall, it can be difficult to accurately
distinguish most of the symptoms of HF from COVID-19 itself, so careful examination
and use of diagnostic tools are imperative. Signs of fluid overload like weight gain,
Jugular venous distension, fine crackles at lung bases, wheezing, third heart sound,
abdominal distension, ascites, and pitting pedal edema can be used as important clues

at the bedside to determine new-onset or exacerbation of HF in COVID-19 patients.

Plasma -type natriuretic peptide (BNP) and N-terminal pro-BNP (NT-pro BNP) are
useful laboratory markers in suspected HF. High sensitivity troponins(hs-cTn) are often
elevated as a marker of myocardial inflammation'?l. BNP less than 100 pg/mL and NT-
proBNP less than 450 pg/mL have high negative predictive for HF[27]. Elevated plasma
BNP and NT-proBNP also indicate poor prognosis in general, and this relationship
holds true for HF in COVID-19 as well(?8]. Elevated NT-proBNP level was detected in
12.9% of 3219 patients in a study from Wuhan, China. The adjusted hazard ratio for NT-
proBNP was 5.71 (95%CI 3.50-7.47)[?l, In another study conducted on 397 patients with
COVID-19 in Milan, Italy, 14.9% had elevated BNP levels, and the mortality rate was
higher by 33.9% in these patients®?l. Elevation of BNP, NT-Pro BNP or troponin, hs-cTn
should be interpreted with caution. It should not trigger evaluation for heart failure or
Myocardial infarction unless patients have accompanying signs and symptoms or EKG

changes to suggest diagnosis.

Electrocardiogram (EKG) may not receive ample attention in the diagnosis of HF
beyond the milieu of a cardiologist. Perhaps, it is highly unlikely that a patient with a
normal EKG will have a dysfunctional left ventricle (LV). Atrial fibrillation, old
myocardial infarction, left ventricular hypertrophy, axis deviation, bundle branch block,
and ST-T wave abnormalities may hint towards underlying acute or chronic HF in

patients with COVID-191l. EKG changes commonly observed in COVID-19 patients




were atrial fibrillation or flutter, Premature atrial (APCs) and ventricular contractions,
Bundle branch block, interventricular conduction delay, and repolarization
abnormalitiesl®'l. Abnormal EKGs changes like APCs, Right BBB/Intraventricular block,
Ischemic T wave inversions, and non-specific repolarization abnormalities were
associated with an increased risk of adverse cardiac events or death in patients with

underlying comorbidities like cardiovascular or renal diseases/?! 32l

An echocardiogram is one of the most important diagnostic tools for HF. There
have been some studies utilizing echocardiograms in patients with COVID 19. Szekely
et. al., performed an echocardiogram in 100 patients within 24 h of hospitalization with
COVID-19. 32% of patients had a normal echocardiogram, 39% had right ventricle (RV)
dilatation and dysfunction, 16% had LV diastolic dysfunction, and 10% had LV systolic
abnormality. Reassessment with echocardiogram due to deterioration during hospital
course showed worsening of RV failure in 12 patients and LV systolic failure in 5
patients(®]. In a prospective international study of 1216 patients from 69 countries, 667
patients (55%) were found to have an abnormal echocardiogram. 479 (39%) had LV
dysfunction while 397 (33%) had RV dysfunction. Echocardiography findings changed
management in 33% of these patients*l In an International multicenter study of 305
patients admitted with COVID-19, RV dysfunction was found in 26.3%, LV diastolic
dysfunction in 13.2%, and LV global systolic dysfunction in 18.4% of patients.
Moreover, multivariate adjustments showed that myocardial injury with abnormal
echocardiograms represented higher mortality in comparison to normal
echocardiogramsi®3l. Hence, an echocardiogram is a vital diagnostic tool that should be
used by clinicians taking care of COVID-19 patients in a timely and appropriate
manner. The Trans-thoracic echocardiogram has also been performed successfully
among COVID-19 patients with ARDS who were in prone position by temporarily
deflating the lower thoracic portion of the air mattress. This helps in placing the probe

between the thorax and the mattress surfacel36l-




The role of cardiac magnetic resonance imaging (MRI) has been so far more relevant in
patients that are on the road to recovery from acute COVID 19 illness. Because of
inflammatory cardiomyopathy, some of these patients can develop HF as a sequela. Ina
German study of 100 patients that were in the recovery phase from acute COVID-19
illness, cardiac MRI was abnormal in 78% of patients at an average of 71 days from
initial diagnosis. Compared to the control group, these patients had lower LV and RV
ejection fractions. Furthermore, endomyocardial biopsy in three patients with elevated
T1/T2 signal, late gadolinium enhancement, and LV ejection fraction less than 50%
revealed lymphocytic infiltration with no detection of the viral genomel?l. In another
study of 148 patients with severe COVID-19 infection, cardiac MRI was done at a
median of 68 days post-discharge from the hospital. The myocarditis-like scar was seen
in 26%, and infarction was found in 54%, but 89% of these patients had normal LV
functionl®l. Thus, cardiac MRI and endomyocardial biopsy in selected COVID-19
patients may be of value in timely diagnosis and initiation of goal-directed medical

therapy where HF arises as a late complication in subacute and chronic recovery phases

(Table 2).

Management

Management of HF exacerbation during COVID-19 should be based on the volume
status, the previous history of heart failure, and vital signs. Patients with heart failure
and COVID-19 have worse hospitalization and in-hospital mortality outcomes in a
systematic review and meta-analysis of 18 studies/®]:

Shared decision-making among consultants is necessary to guide clinical management
regarding immunosuppression, multiple treatments, multiorgan involvement, and

associated complications in COVID-19




Chronic heart failure patients have a higher risk of in-hospital complications like acute
heart failure, acute renal failure, sepsis and length of stay, and in-hospital mortalityl[4
4]

Medications should be initiated per Guideline-directed medical therapy and continued.

Special considerations exist for each class of drugs which are discussed below.

Diuretics
Diuretics in heart failure and COVID-19 help to decongest the lungs. Prior to starting
diuretics, they require careful monitoring of the volume status by physical examination,
BNP, and bedside ultrasound assessment for the IVC (inferior vena cava)
collapsibilityl®2l Pulmonary artery catheter, Echocardiography, and cardiac output
monitoring are other methods for advanced hemodynamic monitoring in patients with
complex hemodynamics. Conservative fluid strategy with judicious initiation or up-
titration of diuretics with daily weights is recommended*3l. Aiming for a negative fluid
balance is necessary for these patients. Watching for signs of hypotension and over
diuresis which can result in kidney injury is necessary. Nephrotoxic medications should
be used carefully along with diuretics i.e., NSAIDs, Remdesivir, or nephrotoxic
antibiotics like vancomycinll42 4] [f there is diuretic resistance, then ultrafiltration can
be considered to treat heart failure and AKI42}
Angiotensin converting enzyme inhibitor (ACE inhibitor); Angiotensin receptor
blocker (ARB); Angiotensin receptor-neprilysin inhibitor (ARNI)
It was hypothesized that medications associated with upregulation of ACE2 receptors
could worsen the COVID-19 infection, which was not proven in further studies.
Outcomes among heart failure patients were similar regardless of ACE inhibitor or ARB
el40l .
Heart failure society of America/American College of Cardiology/American Heart
Association guidelines recommends against adding or discontinuing these medications

beyond the standard of practice in patients with preexisting heart failure, hypertension,




or ischemic heart disease. However, careful decision-making and medication
discontinuation should be done in acute kidney injury, hypotension, hyperkalemia, and

shock on a patient-to-patient basis#°l.

Beta-Blockers

Carvedilol is the recommended beta-blocker in patients with heart failure and COVID-
19 due to its anti-cytokine actionldt 471. However, these medications should not be
started for COVID-19 and HF beyond the standard of practice. Assessment of
hemodynamic stability is necessary before the initiation of beta-blockers/*2. Patients
previously on beta-blockers can have inappropriate bradycardia with COVID-19. Dose
changes should be made if patients develop a low output statel®’l. Betablockers also
help patients with sinus tachycardia and tachyarrhythmias/#l. Antiviral medications
like Remdesivir and Tocilizumab can influence the pharmacokinetics of cardiovascular

medications, increasing the risk of toxicities and arrhythmias

Digoxin

Most of the indications for digoxin in HF with reduced ejection fraction are as a rate
control agent in those with low blood pressure and atrial fibrillationl48l. Digoxin has
antiviral and anti-inflammatory properties per prior literaturel*l. Again, there is no
recommendation to start patients with new-onset HF and COVID-19 on these
medications beyond clinical practice. Digoxin levels should be closely monitored when

given anti-viral medications and immunomodulators that may interact with itl42],

Anticoagulation therapy

Consideration should be given for interaction between anticoagulants' current and
emerging COVID-19 therapies. Monitoring the liver and kidney function is also
necessary. Unfractionated Heparin or Low molecular weight heparin (LMWH) is the
preferred anticoagulant in hospitalized patients with prior anticoagulation for other

causes. It is particularly preferred in sick patients due to drug interactions with oral




anticoagulants®®l. If oral anticoagulants are needed in less sick patients, switching to
direct oral anticoagulants is preferred over Vitamin K antagonists. Prophylactic
Anticoagulation with LMWH can be considered in all inpatients if there is no

hemorrhagic riskl4l.

Mineralocorticoid receptor antagonists
Careful use in heart failure patients based on volume status and kidney function.

Electrolytes should also be monitored.

Recommendations regarding Guideline-directed medical therapy

Stopping GDMT, ie, Beta-blockers, ACE/ARB, and mineralocorticoid receptor
antagonists in patients with chronic heart failure with COVID, are associated with
increased in-hospital mortality per prior studies(®l. If GDMT therapy has been
discontinued inpatient for AKI or hemodynamic instability, during discharge of
patients post heart failure exacerbation, they should be restarted as they have favorable
outcomes in heart failure patientsl3l. They should follow up with the cardiologist or

physician for heart failure to review and adjust the dose of GDMT.

Ionotropic/ vasopressor medications and respiratory support

Patients with heart failure have pulmonary edema superimposed on COVID-19
pneumonia. High BNP levels elevation in patients with ARDS indicates cardiogenic
shock and pulmonary edema. Use of non-invasive ventilation and prone ventilation
help to decrease pulmonary edema. Heart Failure patients are susceptible to hypoxia
and ARDS and therefore may require intubation and lung-protective ventilation. These

methods also help to manage right heart failure from ARDS[L,

The shock from sepsis and heart failure can develop. Dehydration and hypoperfusion
can worsen symptoms. Clinical assessment, bedside echo, and monitoring of

hemodynamics help in assessing the pathophysiology of shock. Volume status




assessment, careful use of diuretics, and intravenous fluid repletion are needed. The
greatest benefit of fluid resuscitation was seen in patients with signs of hypoperfusion
who are in hypovolemic shock2%l. In patients with Mixed shock (cardiogenic and
septic), vasopressors or inotropes should be started.

Norepinephrine is the preferred vasopressor agent for septic and cardiogenic shock,
especially in hypotensive patients®!LIf there are signs of low organ perfusion or severe
decreased cardiac output, inotropes such as dobutamine and epinephrine can be
added/>.Cardiac output monitoring helps in the selection and titration of inotropes and
Vasopressors.

Bedside, Intra-aortic balloon pump should be considered in severe cardiogenic shock
refractory to vasopressors or inotropes®2l. ECMO as mechanical circulatory support is
used in the setting of ARDS/hypoxemia with refractory cardiogenic shock in available
centers! 451,

Myocarditis in COVID-19: Patients can present with Heart failure symptoms. Inotropes
and vasopressors, mechanical circulatory support, and mechanical ventilation can be

used in severe cases.

COVID 19 with Heart Failure in Heart and Lung Transplant recipients

Heart Transplant and Heart and lung transplant recipients are on immunosuppression
with medications like calcineurin inhibitors, prednisone, and antimetabolites. They are
prone to COVID-19 infection from immunosuppression and can have severe symptoms
and outcomes/® 54lFor patients with mild symptoms, supportive treatment with the
continuation of immunosuppression is recommended.

In patients with moderate to severe illness, anti-metabolites such as azathioprine and
mycophenolate mofetil can be held inpatient per the international society of heart and

lung transplantation recommendations. 55!




These patients should be treated at a heart transplant center. After the infection
resolves, careful monitoring is required when restarting immunosuppression in these

patients due to effects from the allograft.[!

Breakthrough infection

Breakthrough infections after the COVID-19 vaccination have been frequently observed
in older patients and those with comorbidities. One study described close to 12% of
breakthrough infections after vaccination (5¢l. In another study of 700 breakthrough
cases close to 49% of the patients were symptomaticl®”l Despite increased breakthrough
infection in this patient population, they did not develop disease severe enough to
require supplemental oxygen or ICU admission!56- I,

Vaccinated people have a shorter duration of virus transmission, short symptom
duration, and restricted tissue dissemination!5°!.

Chronic heart failure patients with breakthrough infections who are stable can be

treated as outpatients with GDMT

Rehabilitation post-recovery

In the Post-Acute phase, exercise training should be done in these patients, considering
oxygen saturation, heart rate, systolic blood pressure, and symptoms!®l. Cardiac
rehabilitation includes a variety of programs such as aerobic endurance training,
interval training (IT), High intensity IT and resistance training done around 2- 5 times
per weekl(®. Thoracic expansion exercises to increase lung ventilation and airway
clearance are some of the recommended methods for respiratory rehabilitation in these
patients. Home-based cardiac telerehabilitation- is another alternative strategy to follow
for these patients. Psychological support and nutritional interventions should also be a

part of rehabilitation programsl®0l.

Complications




Direct viral infection of the myocardium can cause myocardial injury and complications
such as myocarditis and myocardial interstitial fibrosisl6!62l. System-wide inflammatory
response and release of pro-inflammatory markers like Tumor necrosis factor,
interleukin-6, and interleukin-1f are associated with direct myocardial injury and can
cause myocardial infarctionl?* 63, The prothrombotic state can result in acute coronary
eventsl® 62 Cardiac Arrhythmias such as atrial arrhythmias, bradyarrhythmia, and
non-sustained ventricular tachycardia can occur due to inflammation of the
myocardium, fibrosis, edema of interstitial tissues, medication side-effects, and
myocarditislél 621, Atrial fibrillation can predispose patients to cardiogenic shock/62ll,

Patients who recover after severe COVID-19 are at high risk of Pulmonary
hypertension, Diastolic dysfunction, and right heart failurel® ®iI. Stress-induced
cardiomyopathy or Takutsubo cardiomyopathy can develop from microvascular
dysfunction and inflammatory responsel®® %l The summary of management is

illustrated in table 3

CONCLUSION

Conclusion: Heart Failure can occur as a complication in patients with COVID-19
infection. It can worsen the course of COVID-19 and is associated with poor outcomes.
It requires early diagnosis and appropriate management on a patient-to-patient
basis. Continuing Guideline Directed medical therapy is recommended. We need to

watch out for complications during its management. Post the acute phase of COVID




physical, psychological and nutritional rehabilitation for these individuals is necessary

to aid in recovery.
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