1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
JAm Coll Cardiol. Author manuscript; available in PMC 2023 January 30.

-, HHS Public Access
«

Published in final edited form as:
JAm Coll Cardiol. 2021 April 06; 77(13): 1656-1659. d0i:10.1016/j.jacc.2021.02.024.

ACHD-Specific Risk Factors for Severe COVID-19*

Elisa A. Bradley, MD,

Omer Cavus, MD

Department of Internal Medicine / Division of Cardiovascular Medicine, The Ohio State University
Wexner Medical Center and The Dorothy M. Davis Heart and Lung Research Institute, Columbus,
Ohio, USA.

Keywords
adult congenital heart disease; adverse outcomes; COVID-19

At the dawn of the global severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2)
health crisis, practitioners observed anxiously and tried to comprehend how this new virus
would affect patients. Within 1 month of the first cases reported in Wuhan, China, we
began to understand that coronavirus disease-2019 (COVID-19) could extend beyond the
pulmonary system and in many cases led to acute cardiac injury characterized by vascular
inflammation, myocarditis, and arrhythmia (1,2). To make matters worse, the evidence that
followed suggested that patients with underlying cardiovascular disease were at a higher
risk for severe COVID-19 and death (3). Those of us in the adult congenital heart disease
(ACHD) community became worried for our patients; this group had already overcome
incredible medical, surgical, and psychosocial burdens due to the presence of congenital
heart disease (CHD) in their young lives (4).

In the past year, we have relied on small studies (5-7) and inferred the potential risk of
COVID-19 in ACHD (8,9), often hoping we were correct based upon minimal collective
and anecdotal individual experience with the disease. It is therefore timely, that in this issue
of the Journal, Broberg et al. (10) offer us a sizeable retrospective study of COVID-19
outcomes in 1,044 patients with ACHD from 58 centers in North America, South America,
Europe, and Western Asia. The overarching goal of this study was to determine if there were
risk factors associated with: 1) increased mortality in patients with ACHD with COVID-19;
and 2) severe infection, as defined by the need for intensive care unit (ICU) admission,
endotracheal intubation, acute respiratory distress syndrome, and/or renal replacement
therapy.
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The investigators should be commended for enrolling a robust number of patients with
COVID-19 and ACHD. In total, 907 (87%) of the patients included in the study had
laboratory confirmation of COVID-19 (polymerase chain reaction or antibody positivity).
One of the challenges in outcomes-based research in ACHD is accounting for significant
anatomic heterogeneity, which can complicate the likelihood that outcomes are truly
accurate across the disease spectrum. To overcome this, the investigators classified CHD
anatomy according to the single most complex heart defect present and counted each
entry only once, according to the most recent U.S. guidelines: simple, moderate, or
severely complex disease (11). Patients were also sub-stratified based upon their underlying
physiological stage (A, B, C, D), consistent with recent guideline recommendations, to
assess the functional impact of CHD (11). Finally, a third level of analysis was performed
on age-based tertiles (18 to 27 years, 28 to 40 years, 41 years or older) in an attempt to
determine if age itself affected COVID-19 outcomes in the population with ACHD.

In total, there were 179 (17%) hospital admissions (ICU in 67 [6.4%]) and 24 COVID-19-
related inpatient deaths, resulting in an overall case/fatality ratio (in those tested) of 2.5%
(95% confidence interval: 1.5% to 3.6%), which was similar to what was reported in
non-ACHD cohorts (12). Within the mortality group, nearly one-half were cyanotic and
approximately 17% had either pulmonary arterial hypertension (PAH) without cyanosis

or a previous heart failure admission. Interestingly, a substantial number (n = 7; 30%)

of patients who died had lesions of simple anatomic complexity, yet as stated by the
investigators, remained at high risk for severe COVID-19 due to non-CHD causes, including
diabetes, obesity, and older age. There were no deaths in patients with simple lesions

and physiological stage A and/or B disease, implying that those who died with simple
lesions also had advanced physiological stage (C and/or D). Therefore, it seems important
to underscore that when evaluating the potential risk of a patient with ACHD for severe
COVID-19, we cannot neglect non-ACHD-based risk factors because they may contribute to
more severe COVID-19 and death, especially when combined with advanced physiological
stage, as was seen in this study.

Arguably, one of the most important findings of this study was that anatomic complexity

in and of itself did not portend a worse prognosis with COVID-19; however, it must

be acknowledged that historical advances in care likely affected the current age-based
heterogeneity in this group and perhaps confounded this outcome. Instead, a critical part of
the story unfolded—patients with advanced physiological stages (C and D) had the highest
risk of death with COVID-19 (3.9% and 7.9% vs. 0% and 1.1% in stages A and B,
respectively). In particular, ACHD-specific risk factors that were found to be associated
with severe COVID-19 and death included cyanosis, resting hypoxia, atrial arrhythmia, renal
(end-organ) dysfunction, and clinically important heart failure (admissions). These clinical
features are routinely assessed in assigning physiological stage, and therefore, begin to
identify patients with ACHD who are at elevated risk for severe COVID-19, perhaps strictly
due to their underlying CHD (so-called ACHD-specific risk factors). This is increasingly
important as vaccination strategies evolve and priorities to protect those at high risk begin to
emerge.
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In the United States, the Centers for Disease Control and Prevention’s (CDC) Advisory
Committee on Immunization Practice (ACIP) have made allocation recommendations

for COVID-19 vaccine distribution (13). The recommendation prioritizes people with a
high risk for exposure to COVID-19, such as health care personnel and long-term care
facility residents, as well as those at high risk for severe disease, predominantly older

age groups. However, the phase recommendation system (1a, 1b, 1c, 2) has not been

clear on exactly what cardiovascular factors should be assessed to estimate individual

risk for severe COVID-19. In particular, this comes into play in the phase 1c category,
where recommendations are made for “persons aged 16-64 years with high-risk medical
conditions.” In the original recommendation, the following conditions increase the risk

for severe COVID-19: “cancer, chronic kidney disease, chronic obstructive pulmonary
disease, heart conditions such as heart failure, coronary artery disease, or cardiomyopathies;
immunocompromised state (weakened immune system) from solid organ transplant; obesity
(body mass index [BMI] > 30 kg/m? but < 40 kg/m?); severe obesity (BMI = 40 kg/m?);
sickle cell disease, smoking; type 2 diabetes mellitus; and pregnancy” (13). The issue of
vaccine allocation is further complicated by state and local practice, which may not directly
follow recommendations set forth by the CDC, and in many cases reference “congenital
conditions” as potentially eligible for early vaccination.

It is likely intentional that the ACIP made broad recommendations for persons with
underlying heart conditions, because this term encompasses a wide spectrum of disease
and varying physiological and functional impact. However, as a community of ACHD
practitioners, the “can has been kicked” to us, to help determine exactly which patients
might be at risk for severe COVID-19. Although the investigators (10) did not set out to
determine which patients with ACHD might benefit from early vaccination, this is one of
the foremost questions in our minds as we aim to protect high-risk groups in an ethically
responsible and data-driven way. The data presented highlight a few important points as
we consider how to risk stratify patients with ACHD during the SARS-CoV-2 pandemic:
1) we cannot forget about non-ACHD COVID-19 risk factors, such as diabetes, age, and
body mass index, because a sizeable group of patients with ACHD with simple CHD and
advanced physiological class have succumbed to COVID-19 with these risk factors; and
2) we need to begin assessing ACHD-specific risk factors outlined by the investigators
(10) that appear to be associated with severe COVID-19, including cyanosis, history of
clinically important heart failure, resting hypoxia, advanced physiological stage, and PAH
(Figure 1). Because of the relative association of these factors with case fatality, it may

be reasonable to consider prioritizing patients with ACHD with =1 ACHD-specific severe
COVID-19 risk factor. In the United States, in particular, this would clarify eligibility for
a subset of patients with ACHD in phase 1c of the ACIP recommendation. However, as
the pandemic persists, scientific data continues to evolve, and our understanding of this
new disease in special populations becomes more informed. We can likely look forward to
additional analyses of this cohort, as well as that from the EPOCH (European Collaboration
for Prospective Outcome Research in Congenital Heart Disease) COVID-19 tracking project
(9), both of which will continue to shape how we assess risk, therapeutically manage, and
protect patients with ACHD from COVID-19.
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Non-ACHD Risk Factors @

« Cancer « Obesity (BMI >30kg/m?, but <40kg/m?)
* Chronic kidney disease « Severe obesity (BMI 240kg/m?)

* Chronic obstructive pulmonary disease . sjckle cell disease

* Heart conditions* » Smoking

 Inmunocompromised state « Type 2 diabetes mellitus

from solid organ transplant « Pregnancy

ACHD-Associated Risk Factors

Physiologic Stage C™

ACHD-Specific Risk Factors?

* NYHA functional class Il symptoms
» Cyanosis (0, saturation <90%) « Significant (moderate or greater) valve disease
» Moderate or greater ventricular dysfunction
» Moderate aortic enlargement
« Venous or arterial stenosis
» Mild or moderate hypoxemia/cyanosis
 Pulmonary arterial hypertension * Hemodynamically significant shunt
» Arrhythmias controlled with treatment
» Pulmonary hypertension (less than severe)
 End-organ dysfunction responsive to therapy

* Prior heart failure admission

* Supplemental O, use

Physiologic Stage D™

* NYHA functional class IV symptoms
« Severe aortic enlargement
 Arrhythmia refractory to treatment
» Severe hypoxemia (cyanosis)
 Severe pulmonary hypertension

» Eisenmenger syndrome

« Refractory end-organ dysfunction

FIGURE 1. Risk Factorsfor Severe COVID-19 in Patients With ACHD
To assess risk factors for severe coronavirus disease-2019 (COVID-19) in adults with

congenital heart disease (ACHD), it is important to evaluate non-ACHD risk factors as set
forth by organizations such as the United States Centers for Disease Control and Prevention,
as well as ACHD-associated risk factors (i.e., physiological stages C and D). In this study,
new ACHD-specific risk factors (red box) are identified and should be considered when
performing an overall assessment of individual risk for severe disease. *Heart conditions
such as heart failure, coronary artery disease, or cardiomyopathies. BMI = body mass index;
NYHA = New York Heart Association; O, = oxygen.
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