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HIGHLIGHTS

� Patients with HF may be at increased risk for severe disease and complications from
COVID-19.

� COVID-19 infection can cause or worsen HF through a variety of mechanisms.

� Delivery of HF care has been significantly restructured during the COVID-19 pandemic.

� Future studies should address the impact of pandemic delays on outcomes in
patients with HF.
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The coronavirus-2019 (COVID-19) infection pandemic has affected the care of patients with heart failure (HF) who have

contracted COVID-19 as well as those without COVID-19 who have been impacted by the restructuring of health care

delivery. Patients with HF and other cardiovascular comorbidities are at risk for severe disease and complications of

infection. Similarly, COVID-19 has been demonstrated to cause myocarditis and may be implicated in new-onset car-

diomyopathy. During this pandemic, special considerations are needed for patients with advanced HF, including those

supported by durable left ventricular assist devices (LVADs) and heart transplant recipients. The purpose of this review is

to summarize emerging data regarding the development of HF secondary to COVID-19 infection in patients with

advanced HF and the implications of the pandemic for care of uninfected patients with HF.

(J Am Coll Cardiol HF 2020;8:681–91) © 2020 by the American College of Cardiology Foundation.
S ince the earliest cases of coronavirus-2019
(COVID-19) infection were reported (1), our
care delivery systems have been reorganized

and challenged in unprecedented ways. Patients
with underlying cardiovascular conditions, including
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ABBR EV I A T I ON S

AND ACRONYMS

ACE = angiotensin-converting

enzyme

ARB = angiotensin II receptor

blockers

ARDS = acute respiratory

distress syndrome

COVID-19 = coronavirus-2019

HF = heart failure

HT = heart transplant

LVAD = left ventricular assist

device

RAAS = renin-angiotensin-

aldosterone system

SARS-CoV2 = severe acute

respiratory syndrome-

coronavirus-2
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recipients. This review summarizes emerging
data regarding the development of HF sec-
ondary to COVID-19 infection in patients
with advanced HF and the implications of
the pandemic for care delivery in uninfected
patients with HF.
ACUTE HEART FAILURE IN COVID-19

COVID-19 may cause or worsen HF through a
variety of mechanisms including myocardial
ischemia or infarction, increased oxygen
demand, elevations in pulmonary pressures,
pulmonary embolism, myocarditis, stress
cardiomyopathy, and diffuse cytokine
release (4) (Figure 1). These mechanisms may
concurrently lead to arrhythmia, cardiogenic
shock, and sudden cardiac death (2,5).
Patients with COVID-19 infection are at higher risk
for thrombosis in the arterial and venous circulations
due to endothelial dysfunction, inflammation,
oxidative stress, and platelet activation (6). Acute
coronary syndromes with plaque rupture leading to
type I myocardial infarction may occur in this setting
(6). Hypoxemic respiratory failure and increased
myocardial oxygen demand may lead to mismatch
between oxygen supply and demand and precipitate
type 2 myocardial infarction (4); both may trigger
decompensation of pre-existing HF or development
of de novo acute HF. Right ventricular failure can also
develop secondary to elevated pulmonary pressures
in the setting of acute respiratory distress syndrome
(ARDS) and/or pulmonary embolism (7).

COVID-19-associated myocarditis has been
observed as COVID-19 viral particles on endomyo-
cardial biopsy and detection of diffuse myocardial
edema on cardiac magnetic resonance (8,9). Attemp-
ted myocarditis treatment strategies have included
lopinavir/ritonavir, hydroxychloroquine, systemic
glucocorticoid therapy, and intravenous immuno-
globulin (9,10).

Some data suggest that cardiomyopathy may be
common in patients with COVID-19. In a U.S. report of
21 patients with severe COVID-19 disease, 7 (33%)
developed cardiomyopathy, which was defined as
newly decreased left ventricular systolic function
with 1 of the following: 1) increased cardiac bio-
markers; 2) decreased central venous oxygen satura-
tion; or 3) clinical signs of shock (11). In another
cohort of patients with COVID-19 from China, HF
developed in 41 of 83 (49%) of those who died
compared to 3 of 94 (3%) of those who recovered (12).
Among those who developed HF, approximately 50%
did not have a history of hypertension or cardiovas-
cular disease.

The underlying mechanisms for those cardiomy-
opathies are difficult to elucidate given limitations
in inpatient diagnostic testing. For example, the
true prevalence of myocarditis secondary to COVID-
19 infection may be hard to determine without the
use of definitive endomyocardial biopsies and
routine cardiac imaging in a wide cohort of infected
patients. Accordingly, the myocarditis is often
diagnosed by using elevations in biomarkers, echo-
cardiography demonstrating reduction in systolic
function, and/or worsening hemodynamics or epi-
sodes of arrhythmia.

Large registries such as the American Heart Asso-
ciation COVID-19 Cardiovascular Disease (CVD) reg-
istry (13) will help capture the prevalence of systolic
dysfunction and incidence of myocardial recovery.
Ongoing studies will also explore the pathology of
myocarditis and HF more broadly in severe acute
respiratory syndrome-coronavirus-2 (SARS-CoV-2)
infection (14).

USE OF TEMPORARY MECHANICAL CIRCULATORY

SUPPORT. Patients with COVID-19 infection can
develop a cytokine release syndrome with hyper-
inflammation leading to progressive shock and mul-
tiorgan failure. In patients with cardiac involvement,
important questions remain regarding the use and
efficacy of mechanical circulatory support. Device
insertion and maintenance require significant equip-
ment, blood products, and personnel. Health systems
may have limited resources to deploy these therapies,
particularly in older patients with other comorbidities.

The Extracorporeal Life Support Organization has
released guidance regarding the use of extracorporeal
membrane oxygenation for patients with COVID-19
who develop severe cardiopulmonary failure (15).
The organization suggests that, in resource-limited
settings, younger patients without comorbidities
and/or health care workers should be the highest
priority for support. Extracorporeal membrane
oxygenation should rarely be used in older patients
with significant comorbidities and multiorgan failure
(15).

CONCERNS FOR PATIENTS WITH CHRONIC HEART

FAILURE WITH COVID-19. Use of ACE inh ib i tors/
ARBs . Angiotensin-converting enzyme (ACE) in-
hibitors, angiotensin II receptor blockers (ARBs), and
angiotensin receptor-neprilysin inhibitors (ARNI) are
principal components of guideline-directed medical
therapy for patients with chronic systolic HF. SARS-
CoV-2 virus, the causative viral agent of COVID-19,
uses the ACE2 receptor for cell entry (Figure 2), and



FIGURE 1 Mechanisms of New or Worsening Heart Failure in Patients With COVID-19

Potential contributing factors and mechanisms of worsening heart failure in patients with COVID-19 include increased oxygen demand,

myocarditis, stress cardiomyopathy, ischemia or infarction, cytokine release syndrome, elevated pulmonary pressures, and venous

thromboembolism.
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concerns have been raised regarding this interaction
with respect to disease virulence (16). Large retro-
spective studies have since suggested that the use of
ACE inhibitors/ARBs is not associated with increased
rates of COVID-19 infection or risk of severe dis-
ease (17,18).

A joint statement from the Heart Failure Society
of America and American College of Cardiology/
American Heart Association recommends continua-
tion of renin-angiotensin-aldosterone system (RAAS)
antagonists in patients who are receiving these medi-
cations for HF or other cardiovascular indications (19).

RAAS inhibition may have potential therapeutic
benefit. Data from the SARS epidemic demonstrated
that injection of SARS-CoV-1 into mice worsened
acute lung failure, which was attenuated by RAAS
blockade (20). In preclinical studies, sacubitril-
valsartan has been shown to reduce levels of proin-
flammatory cytokines, to increase lymphocyte counts
(21), and to inhibit expression of proinflammatory
genes including interleukin-6, a potential therapeutic
target in COVID-19 (22).
Inc reased suscept ib i l i ty to thrombos i s . Patients
with HF have pre-existing risk factors for venous
thromboembolism including possible stasis of blood
in the legs, heart, and endothelial injury (23,24).
Similarly, patients with ischemic cardiomyopathy and
atrial fibrillation are at risk for arterial thrombosis
(23). In women with HF, additional thrombotic risks
include the use of oral contraceptives, hormone
replacement therapy, and breast cancer (25). In pa-
tients with durable LVAD support who are already at
increased risk for thrombosis, the effects of COVID-19
infection on the risk for stroke or pump thrombosis
are currently unknown.

Therapeutic agents in patients with HF who are
taking anticoagulation and require admission for
COVID-19 should be continued unless a strong
contraindication exists. All hospitalized HF patients
with COVID-19 infection without a pre-existing indi-
cation should receive prophylactic doses of anti-
coagulation (26). This and other therapeutic
considerations are described in the Central
Illustration.
Decreased card iopulmonary reserve . Underlying
pulmonary disease is common in patients with HF.
Approximately 30% of such patients have chronic
obstructive lung disease which independently in-
creases their risk for hospitalization and mortality
(27). These patients may have pulmonary hyperten-
sion as a consequence of parenchymal lung disease in
addition to elevated left ventricular filling pressures
(28). In patients with COVID-19 infection, hypoxemic
respiratory failure and ARDS can exacerbate pulmo-
nary vasoconstriction and interstitial edema, wors-
ening pulmonary hypertension even in patients
without pre-existing lung disease (29). In patients
with pre-existing biventricular failure, further eleva-
tion in pulmonary pressures secondary to ARDS can
worsen right ventricular function.



FIGURE 2 Pathophysiology of the SARS-CoV-2 Virus and the Role of the ACE2 Receptor

The spike proteins of the SARS-CoV-2 virus bind to the ACE2 receptor, leading to viral entry, replication, and SARS-CoV-2 infection. The

ADAM17 protease facilitates shedding of ACE2 from the membrane leading to the release of the soluble form of ACE2. Soluble ACE2 may bind

the virus and prevent binding to the membrane-anchored ACE2 on cells, preventing cell entry. ACE2 ¼ angiotensin-converting enzyme 2;

SARS-CoV-2 ¼ severe acute respiratory syndrome-coronavirus-2.
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Patients with advanced HF, including those with
durable LVAD support, have severely reduced func-
tional capacity (30,31), as measured by peak VO2, and
impaired ability to augment cardiac output in
response to physiological stressors. These factors
collectively decrease their cardiopulmonary reserve.
QT prolongat ion and monitor ing . Despite pre-
liminary reports suggesting that hydroxychloroquine
and azithromycin may improve the clinical course in
patients with COVID-19, the Centers for Disease
Control and Prevention now no longer recommends
their use outside of clinical trials. Large observational
studies have not demonstrated any mortality benefit
or reduction in illness severity (32,33).

Both agents have been associated with QT interval
prolongation, increasing the risk for arrhythmia,
including Torsades de Pointes, and sudden cardiac
death (34,35). Patients with HF often have structural
and electric abnormalities leading to delayed ven-
tricular repolarization and QT prolongation on sur-
face electrocardiography (36). Prolonged QTc
intervals are independent predictors of adverse out-
comes in patients with HF (37). Many patients with
HF may be prescribed QT-prolonging drugs as well as
loop diuretic agents that can lead to electrolyte ab-
normalities and increase the risk of serious
arrhythmia (38). Additional risk factors for QT inter-
val prolongation in hospitalized patients include
female sex, older age, sepsis, and a baseline QTc
>450 ms on admission (39).
Under ly ing inflammatory state . Systemic inflam-
mation underlies both acute and chronic HF (40). The
hemodynamic stress of HF stimulates the release of
proinflammatory cytokines including tumor necrosis
factor alpha, interleukin-6, and interleukin-1 beta
(40). Furthermore, coexisting comorbidities such as
obesity, type 2 diabetes, and hypertension may
perpetuate a persistent inflammatory state leading to
multiorgan involvement and endothelial dysfunction
(40). Inflammatory markers used to determine
COVID-19 severity such as C-reactive protein, lactate
dehydrogenase, N-terminal pro–B-type natriuretic
peptide, and interleukin-6 may already be elevated in
HF, including in patients on LVAD support (40–42).
Therefore, values obtained in the setting of COVID-19
should be compared to prior values, if available.
Advanced care plann ing . Despite efforts to main-
tain social distancing, community spread of COVID-19
is increasing. Patients with HF who self-quarantine
may still be at risk for acquiring COVID-19 as they
commonly have external nursing support. Planning of
advanced care is critical for all patients with HF,



CENTRAL ILLUSTRATION Considerations in the COVID-19 Patient With Heart Failure

Initiation of guideline-directed medical therapy for new-onset
systolic dysfunction secondary to myocarditis or stress
cardiomyopathy 
Use of temporary mechanical circulatory support in limited
cases
Management of recovery of systolic function 

Continuation of ACEI/ARB/ARNI
therapy
QTc interval monitoring
Prophylactic and therapeutic
anticoagulation in hospitalized patients
Advanced care planning

Frequent hand-washing and self-
quarantine for patients
Encouragement of telemedicine visits
Reduction of diagnostic testing
Establishment of inpatient provider
teams that separately care for COVID-19
patients, particularly for HT recipients

Close monitoring of anticoagulation given risk of thrombosis
Changes in hemodynamics and right ventricular function with
ARDS, sedation, proning
Virtual driveline site evaluation

Drug interactions
Temporary reduction in immunosuppression
Rule out co-infection

•

•

•

•

•
•

•

•

•
•
•

•
•

•

•
•
•

ACUTE HEART FAILURE COMMON THERAPEUTIC
CONSIDERATIONS

SOCIAL DISTANCING MANEUVERSLVAD

HEART TRANSPLANT RECIPIENTS

DeFilippis, E.M. et al. J Am Coll Cardiol HF. 2020;8(8):681–91.

Considerations for patients with coronavirus-2019 (COVID-19) who develop acute heart failure as well as patients with pre-existing heart failure are shown.

ACEI ¼ angiotensin-converting enzyme inhibitors; ARB ¼ angiotensin II receptor blockers; ARDS ¼ acute respiratory distress syndrome; ARNI ¼ angiotensin

receptor-neprilysin inhibitors; HT ¼ heart transplant; QTc ¼ QT interval corrected for heart rate.
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including all populations on LVAD support and HT
recipients, particularly for patients in areas with high
prevalence for COVID-19 infection. Ideally, clinicians
should initiate these conversations with patients and
their caregivers at the onset of their HF diagnosis and
not at the time of emergent hospitalization. For pa-
tients with HF who develop COVID-19 and require
hospital admission, care teams should involve their
HF specialists in conversations regarding goals of
care, including the deactivation of implantable
cardioverter-defibrillators (43). Patients should be
encouraged to have these discussions with their
families even after admission, using videoconfer-
encing technology, as institutional visitor restrictions
frequently limit the bedside presence of family
members.

CONSIDERATIONS FOR SPECIAL POPULATIONS

WITH COVID-19. Pat ients on LVAD support . Pa-
tients on LVAD support who contract COVID-19
infection are at risk for severe viral infection due to
older age, comorbidities, and immunosuppressed
state. They suffer from compromised cellular immu-
nity as shownby aberrant T-cell activation, heightened
susceptibility of CD4 T cells to spontaneous apoptosis,
and cytokine imbalances (44). This “functionally
immunosuppressed state” increases susceptibility to
complications from opportunistic infections (45).

Cases of COVID-19 infection have been reported in
patients on destination therapy LVAD support who
have developed ARDS and multiorgan failure with
evidence of cytokine release syndrome (46,47). Both
of those cases highlighted the challenges of prone
positioning in patients with LVADs, given concerns
regarding increased right ventricular pressures and
right ventricular failure. Although International So-
ciety for Heart and Lung Transplantation guidance
suggests that patients with LVADs can be placed in a
prone position for the management of hypoxemic
respiratory failure (48), more data are needed.
Heart t ransplantat ion rec ip ients . Respiratory vi-
ruses have been shown to cause rapid progression to
pneumonia, greater disease severity, and prolonged



TABLE 1 Selected Reports of COVID-19 Infection in Heart Transplant Recipients

First Author (Ref. #)
Number of
HT Cases COVID-Specific Treatment Changes to HT Immunosuppression Additional Features

Fernandez-Ruiz et al.
(54)

4 HCQ in 4 (100%)
Lopinavir/ritonavir in 2 (50%)

Interferon-b in 1 (25%)

Cyclosporine held in 3 (75%)
MMF held in 2 (50%) and continued in

2 (50%)
Prednisone continued in 4 (100%)
Tacrolimus continued in 1 (25%)

All presented with fever, cough and abnormal
chest imaging

2 patients had severe ARDS requiring intubation
and ICU admission, one of whom died

2 other patients with mild courses requiring
supplemental oxygen and were discharged home

Hsu et al. (67)* 1 HCQ, remdesivir vs. placebo as part of
clinical trial

Continued tacrolimus and prednisone,
MMF held

Presented with typical symptoms, found to have
lymphopenia and inflammatory markers,

discharged home on day 15

Holzhauser et al. (68) 2 Patient #1: tocilizumab, IVIG, HCQ,
lopinavir/ritonavir

Patient #2: HCQ, methylprednisolone,
therapeutic anticoagulation

Patient #1: MPA discontinued, dose
reduction of tacrolimus

Patient #2: MMF discontinued

Patient #1 developed hypoxic respiratory failure,
multi-organ failure, and death. Patient #2 was

discharged home.

Latif et. al. (56) 28 HCQ in 18 (78%)
High-dose corticosteroids in 8 (47%)

IL-6 antagonists in 6 (26%)

MMF discontinued in 16 (70%)
Calcineurin inhibitor dose reduced

in 6 (26%)

79% required hospitalization; 25% required
mechanical ventilation; 25% in-hospital mortality
with 4 patients remaining hospitalized at end of

study

Li et al. (55) 2 Patient #1: ribavirin, IV ganciclovir, high
dose corticosteroids, IVIG, oral

moxifloxacin and arbidol
Patient #2: IV ganciclovir, oral moxifloxacin

and arbidol

Tacrolimus and MMF held in 1 patient;
no changes reported in other case

Mild disease courses; did not require ICU
admission and both discharged home

Mathies et al. (69) 1 HCQ MMF discontinued; sirolimus changed
to tacrolimus

Presented with typical symptoms, did not require
ICU admission, discharged on hospital day 12,

repeat PCR testing negative

*Heart-kidney recipient

ARDS ¼ acute respiratory distress syndrome; COVID-19 ¼ coronavirus 2019; HCQ ¼ hydroxychloroquine; HT ¼ heart transplantation; ICU ¼ intensive care unit; IV ¼ intravenous; IVIG ¼ intravenous
immunoglobulin; MPA ¼ mycophenolic acid; MMF ¼ mycophenolate mofetil; PCR ¼ polymerase chain reaction.
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viral shedding in solid organ transplantation re-
cipients (49). Post-transplantation patients are more
likely to develop bacterial or fungal superinfections
due to their immunocompromised state (49).
Although the anti-inflammatory effects of immuno-
suppressants may mitigate disease severity through
reduction in cytokine production (50,51), experience
with SARS and Middle East respiratory syndrome
showed that clinical presentations of transplantation
patients were similar to those in the general popula-
tion (2). Notably, mTOR inhibitors have been associ-
ated with increased susceptibility to viral infections
(52,53).

Cases of COVID-19 infection have been reported in
HT recipients (Table 1) (54–56). Given the immuno-
suppressed states of these patients, their pre-
sentations may be atypical, and high suspicion for
COVID-19 illness should be maintained. In the largest
report of 28 HT recipients with COVID-19, 79% were
hospitalized, and 25% requiredmechanical ventilation
(56). Mycophenolate mofetil was discontinued in 70%,
and calcineurin inhibitors were reduced in 26% of pa-
tients. Seven patients (25%) died.

For HT patients with COVID-19 illness, trans-
plantation teams should consider reducing doses of
calcineurin inhibitors and reducing or holding
antimetabolites. Drug interactions between
immunosuppressants and COVID-19 therapeutics
should be reviewed (57). Leukopenia is common in
patients with COVID-19 infection, although it is typi-
cally manifest by lymphopenia rather than neu-
tropenia (58). This should be considered in newly
transplanted patients who are taking valganciclovir
and mycophenolate, which can have similar myelo-
suppressive effects. In patients who develop allograft
dysfunction, distinguishing rejection from viral
myocardial involvement may be difficult, as avail-
ability of endomyocardial biopsies may be restricted
(57).

HEALTHCARE DELIVERY FOR PATIENTS WITH

HEART FAILURE. Telemedic ine . The reorganization
of health care structures spurred by the COVID-19
pandemic has significantly affected patients with HF
(Figure 3). To reduce SARS-CoV-2 transmission and
maintain a healthy workforce, health systems have
largely transitioned to noncontact care delivery
methods for ambulatory care. In response to these
challenges, the Centers for Medicare and Medicaid
Services broadened access to telehealth services
within the Coronavirus Preparedness and Response
Supplemental Appropriations Act in early March
2020. Under the 1135 waiver, Medicare will pay for
telehealth services provided in inpatient, outpatient,
and home settings by a range of providers.



FIGURE 3 Reorganization of Care Delivery During the COVID-19 Pandemic

Reorganization of care delivery has resulted in increased access to telemedicine, adaptations to physical examinations, and laboratory data

and changes in procedural volume. BP ¼ blood pressure; COVID-19 ¼ coronavirus-2019; CRT ¼ cardiac resynchronization therapy;

GDMT ¼ guideline-directed medical therapy; HIPAA ¼ Health Insurance Portability and Accountability Act; ICD ¼ implantable cardioverter

defibrillator; INR ¼ international normalized ratio; JVD ¼ jugular venous distension.
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Types of services covered include telehealth visits,
during which an audiovisual telecommunication
system is used; the virtual check-in between patient
and provider via telephone or another device, which
is conducted to decide whether additional services
are needed; and electronic visits (“e-visits”), which
are communications between patients and providers
through an online portal (59). Commercial payers
are also reimbursing for telehealth; however, pol-
icies surrounding rates and payments are evolving.
Penalties against providers for violations of the Health
Insurance Portability and Accountability Act are also
being waived, allowing the use of more commonly
available telecommunications platforms.

The feasibility and safety of telemedicine for pa-
tients with HF is well established; however, its use
has not yet been reliably associated with reduction in
emergency department visits or hospitalizations (60).
Moreover, systematic studies of the benefits and
limitations of each component of the telehealth visit
should be performed. Considering current limita-
tions, telemedicine offers a convenient and effective
substitution for in-person visits. Through virtual
visits, HF clinicians can maintain face-to-face
interactions with their patients; gain familiarity with
patients’ domestic circumstances; obtain vital sign
measurement through home blood pressure cuffs,
pulse oximeters, and scales; perform limited physical
examinations for jugular venous distention, periph-
eral edema, peripheral catheter and driveline site
integrity, and functional capacity; reconcile medica-
tions through direct visualization of pill containers;
and interact with caregivers. Augmentation of tele-
monitoring through pulmonary artery pressure
monitoring and biosensing devices should be
explored.With appropriate precautions, home nursing
visits to monitor vital signs, perform phlebotomy,
administer intravenous medications, and deliver pre-
scriptions offer a complimentary approach to decen-
tralizing HF care. These visits should be structured in
order to limit the number of health care contacts.

Therapeutic inertia in HF care is an ongoing risk
during this period. Close monitoring of electrolyte
and renal function is critical to safe dose adjustment
of guideline-directed therapies for HF with reduced
ejection fraction and diuretic agents (61). However,
the reduction in available laboratory services
during the pandemic and patients’ hesitancy to risk



TABLE 2 Unanswered Questions Regarding the Care of Patients With Advanced

Heart Failure During the COVID-19 Pandemic

Domain Question

Telemedicine

Safety and efficacy of remote care, home health
Safety of visiting nurse, home phlebotomy exposures
Capacity for remote routine and urgent/sick visits
Impact on patient quality of life
Impact on patient, family, caregiver engagement with care team
Adjunct diagnostics needed for home care
Alteration in GDMT titration schedule
Perpetuation or exacerbation of health disparities
Applicability of virtual health to palliative care

Procedural delays

Impacts of delays of ICD, CRT, VAD implantation
Safety of noninvasive post-transplant rejection surveillance
Alternatives for post-transplantation rejection surveillance and weaning

from immunosuppression
Impact of transplantation waitlist inactivations

CRT ¼ cardiac resynchronization therapy; GDMT ¼ guideline-directed medical therapy; ICD ¼ implantable
cardioverter-defibrillator; VAD ¼ ventricular assist device.
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COVID-19 exposure may limit uptitration of RAAS
antagonists.

In addition to providing standard HF care, clini-
cians should regularly inquire about dietary and
lifestyle habits related to COVID-19 infection. Due to
physical and social isolation and other stresses,
changes in nutritional status, food availability,
alcohol intake, physical activity, and social support
may occur and contribute to worsening HF.

This reliance on remote care has the potential to
exacerbate pre-existing health inequities (62).
Disadvantaged populations, some underrepresented
racial and ethnic groups, and those with limited ac-
cess to the internet and/or “smart” devices may not
derive benefit from the expansion of these in-
novations. Older adults, who comprise a significant
portion of the U.S. population with HF, may have
educational, visual, auditory, and cognitive impair-
ments that hinder their participation in remote care.
Programs should incorporate social workers and case
managers to maximize outreach to these at-risk pop-
ulations. The option for in-person clinic visits should
remain available for patients without access to tele-
medicine services, high-risk patients (e.g., patients
on continuous inotropes) or those for whom physical
examination is critical for clinical decision making.
Aggressive risk reduction practices should be in place
during these visits.

Programs may benefit from establishing triage
principles for outpatient virtual versus in-person
visits. Virtual visits may be best used for medication
titration and optimization for stable patients with
ACC/American Heart Association Stage C HF. HT re-
cipients on stable immunosuppression at low risk for
allograft rejection and hemodynamically optimized
patients with LVAD may be managed remotely. In-
person visits should be considered for recently hospi-
talized patients and patients approaching Stage D HF
who are on continuous inotropes, undergoing evalu-
ation for advanced HF therapies, who are newly post-
LVAD or HT implantation, and those with new-onset
HF. Virtual and in-person ambulatory schedules
should be constructed to accommodate both routine
and urgent visits.

Given uncertainty surrounding the future course of
COVID-19, telemedicine is likely to endure as an
important component of advanced HF disease man-
agement. Monitoring the safety and efficacy of
remote care for HF and establishing evidence-based
best practices for virtual visits should become a pri-
ority for HF programs.

Additional information regarding existing plat-
forms, workflows, and care models for telemedicine
in HF is provided in a recently published statement
from the Heart Failure Society of America (60).
Procedura l de lays . Under guidance from the Cen-
ters for Disease Control and Prevention, risk mitiga-
tion strategies have included the postponement and
cancellation of elective diagnostic and therapeutic
procedures (6, 63). For stable patients with advanced
HF, these procedures include echocardiograms,
stress testing, cardiopulmonary exercise testing,
right heart catheterizations, coronary angiography,
and implantation or interrogation of cardiac elec-
tronic devices, among others. Individualized risk
assessment is needed when classifying cases as
elective. The rationale for delaying procedures
should be reviewed with patients and documented
in the medical record (64).

Although delay of these procedures may not
immediately affect clinical outcomes, there are
important long-term and indirect implications for
patients with HF (62). Patients undergoing LVAD/HT
evaluation may experience delays in listing and/or
surgery leading to worsening nutritional, functional,
or hemodynamic status. Completion of the evaluation
process can highlight opportunities for optimization
of pulmonary vascular resistance, renal function,
weight, and adherence.

Centers are encouraged to consider local COVID-19
disease prevalence and resource availability when
deliberating the timing of LVAD implantation.
Limiting implantation to patients in Interagency
Registry for Mechanically Assisted Circulatory Sup-
port profiles 1 to 3 is a reasonable approach at this
time (48). For HT patients >3 months post-
transplantation, programs may defer routine surveil-
lance endomyocardial biopsies in those with stable
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allograft function with low risk of rejection. For those
in the more immediate post-transplant period or at
higher risk of rejection, the decision to perform sur-
veillance biopsies should be weighed against the risk
of COVID-19 exposure to patient and staff (48).

THE CHANGING LANDSCAPE OF

HEART TRANSPLANTATION

The COVID-19 pandemic has had far-reaching impli-
cations for donor selection, organ procurement or-
ganizations, wait-list candidates, and transplant
programs (57). Given the limitations of current testing
and risks for asymptomatic transmission and infec-
tion, the HT community must be careful to select
uninfected donors. Globally, organ procurement or-
ganizations in Canada, Italy, Spain and other coun-
tries have performed universal screening for all
deceased donors (65), recognizing the false negative
rates of these tests. In some cases, chest computed
tomography may be performed as part of donor
assessment to evaluate for radiographic evidence of
COVID-19 (48). Only donors who are negative for
COVID-19 infection should be considered.

According to International Society for Heart and
Lung Transplantation guidance, decisions regarding
transplantation should be made at the transplanting
center based on COVID-19 community prevalence
and potential risks and benefits to the patient (48).
In institutions with a high burden of COVID-19
infection, transplants are being reserved for pa-
tients in highest urgency statuses whose wait-list
mortality risk supersedes the risk of nosocomial
infection (57).

Beginning the week of March 15, 2020, transplant
programs were able to inactivate waitlisted patients
as a COVID-19 precaution (66). Weekly national and
regional data is available from the United Network
for Organ Sharing (66). Evaluation of changes in
transplantation volumes and outcomes over time
will be necessary to understand the implications of
the COVID-19 pandemic in HT candidates and
recipients.
GAPS IN KNOWLEDGE AND

LONG-TERM IMPACTS

There remains much to learn about the pathophys-
iology of COVID-19 in patients with HF. Concur-
rently, robust research is needed in health services
focused on elucidating the impacts of telemedicine,
elective care deferral, and risk aversion behaviors
being practiced by patients and providers during
the pandemic. These and other research questions
are described in Table 2. The economic upheaval
caused by the COVID-19 pandemic has wide-ranging
health consequences, especially for those who
already live under conditions of socioeconomic
deprivation. The national burdens of HF incidence,
prevalence, and undertreatment will likely grow as
a result of new COVID-19-related heart disease, de-
lays in the recognition and treatment of ischemic
heart disease, rising unemployment, and loss of
income and health benefits for large segments of
the population (62).

Despite this devastation, the COVID-19 pandemic
has given the HF community opportunities to explore
alternative care delivery models, optimize ancillary
support structures, and expand the infrastructure for
home nursing, palliative care, and hospice services.

CONCLUSIONS

The COVID-19 pandemic has significantly impacted
our patients with advanced HF, including the LVAD/
HT population and our care delivery systems. Over
the coming months, anticipated and unforeseen
challenges will arise as we manage the ramifications
of this pandemic for our patients and the HF
community.
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