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Impact of Coronavirus Disease 2019 
(COVID-19) on Patients With Congenital 
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BACKGROUND: We sought to assess the impact and predictors of coronavirus disease 2019 (COVID-19) infection and severity 
in a cohort of patients with congenital heart disease (CHD) at a large CHD center in New York City.

METHODS AND RESULTS: We performed a retrospective review of all individuals with CHD followed at Columbia University Irving 
Medical Center who were diagnosed with COVID-19 between March 1, 2020 and July 1, 2020. The primary end point was 
moderate/severe response to COVID-19 infection defined as (1) death during COVID-19 infection; or (2) need for hospitalization 
and/or respiratory support secondary to COVID-19 infection. Among 53 COVID-19-positive patients with CHD, 10 (19%) were 
<18 years of age (median age 34 years of age). Thirty-one (58%) had complex congenital anatomy including 10 (19%) with a 
Fontan repair. Eight (15%) had a genetic syndrome, 6 (11%) had pulmonary hypertension, and 9 (17%) were obese. Among 
adults, 18 (41%) were physiologic class C or D. For the entire cohort, 9 (17%) had a moderate/severe infection, including 3 
deaths (6%). After correcting for multiple comparisons, the presence of a genetic syndrome (odds ratio [OR], 35.82; P=0.0002), 
and in adults, physiological Stage C or D (OR, 19.38; P=0.002) were significantly associated with moderate/severe infection.

CONCLUSIONS: At our CHD center, the number of symptomatic patients with COVID-19 was relatively low. Patients with CHD 
with a genetic syndrome and adults at advanced physiological stage were at highest risk for moderate/severe infection.
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Coronavirus disease 2019 (COVID-19) has caused 
a worldwide pandemic and is responsible for 
>120  000 deaths in the United States to date, 

30 000 of which have been in New York City and the 
surrounding counties.1 While corona viruses are known 

to cause respiratory and gastrointestinal infections in 
humans,2 they can also trigger cardiac decompensa-
tion. COVID-19 infection, in particular, has been shown 
to cause life-threatening illness in patients with cardio-
vascular risk factors3 and may manifest as myocardial 
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cell injury, myocarditis, arrhythmias, and cardiac ar-
rest.4,5 Despite increasing recognition that pre-existing 
cardiac disease is associated with poor outcomes in 
the general population, the impact of COVID-19 infec-
tion on patients with congenital heart disease (CHD) 
remains unknown.

Given the heterogeneity implicit in the population with 
CHD, predicting the response to COVID-19 infection is 
challenging. Patients with complex congenital heart 
lesions, both unrepaired and palliated, frequently have 
concurrent cardiac and pulmonary disease. Because 
COVID-19 infection has been shown to induce signif-
icant pulmonary,6 cardiac,7 and endothelial cell dys-
function,8 such patients may be at particularly high risk 
for severe complications arising from COVID-19 infec-
tion. However, the population with CHD is also typically 
younger than patients with acquired cardiac disease, 
with a lower population prevalence of hypertension, di-
abetes mellitus, and coronary artery disease—risk fac-
tors for adverse events during influenza outbreaks9 and 
for the current COVID-19 outbreak. As such, we sought 

to review our experience with COVID-19 in patients with 
CHD who presented to medical care across the age 
spectrum during the recent New York City outbreak.

METHODS
Study Population and Inclusion Criteria
Because of the sensitive nature of the data collected for 
this study, requests to access the data set from quali-
fied researchers trained in human subject confidential-
ity protocols may be sent to the corresponding author. 
Approval from the Columbia University Irving Medical 
Center Institutional Review Board was obtained before 
data acquisition and included a waiver of consent. We 
performed a retrospective study of all individuals with 
CHD followed at Columbia University Irving Medical 
Center who presented to medical care and were di-
agnosed with COVID-19 between March 1 and July 
1, 2020. Given the limited availability of viral testing 
during the study period, individuals were considered 
COVID-19 positive if they tested PCR positive or if they 
had a positive household or roommate contact and 
developed symptoms consistent with COVID-19. Only 
individuals who came to medical attention via telemed-
icine, Emergency Department presentation, hospital 
admission, or direct physician contact were included.

Symptomatic Infections
The primary end point of interest was the incidence 
of moderate/severe COVID-19 symptomatic infec-
tion, defined as death, the need for hospitalization, 
or the need for new or increased respiratory sup-
port. Patients who presented to medical care but 
who did not meet the definition of moderate/severe 
symptoms were defined as having mild symptoms. 
For hospitalized individuals, clinical data were ana-
lyzed including inflammatory makers, IL-6 levels, NT-
proBNP (N-terminal pro-B-type natriuretic peptide), 
and high-sensitivity troponin assays. Patient symp-
toms on presentation were gathered from medical 
records. Symptom duration was quantified when 
possible and confirmed with patients. Patients with 
an indeterminate symptom start date were not in-
cluded in the analysis of symptom duration.

Exposures of Interest
Clinical variables were defined before data collec-
tion and were extracted from the electronic medical 
record. Variables of interest included demographic 
and historical data, including CHD diagnosis, CHD 
surgeries, medical comorbidities, and a history of a 
genetic syndrome. Obesity was defined as a body 
mass index ≥30.0 for patients≥18 years of age and 
as a body mass index ≥95% percentile for patients 

CLINICAL PERSPECTIVE

What Is New?
•	 Coronavirus disease 2019 (COVID-19) infection 

has been shown to cause life-threatening ill-
ness in patients with cardiovascular risk factors, 
but the impact of COVID-19 infection on indi-
viduals with congenital heart disease remains 
unknown.

•	 While individuals with congenital heart disease 
are typically younger than those with acquired 
cardiac disease, and less likely to have comor-
bidities associated with severe COVID-19 infec-
tion, it is unclear whether factors unique to the 
congenital heart disease population are also as-
sociated with infection severity.

What Are the Clinical Implications?
•	 During the height of the COVID-19 pandemic in 

New York City in March and April of 2020, the 
number of symptomatic individuals with con-
genital heart disease and COVID-19 followed 
at our center was relatively low; however, those 
with a genetic syndrome and adults at ad-
vanced physiological stage were at highest risk 
for moderate or severe infection.
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<18 years of age. Pre-infection functional status and 
baseline saturation data were collected from each 
patient’s most recent medical appointment. The lat-
est cardiac surgery for each patient was determined 
and classified according to the Society of Thoracic 
Surgeons-European Association for Cardio-Thoracic 
Surgery (STAT) category.10 Baseline creatinine, hema-
tocrit, and NT-proBNP were collected when possible.

Anatomic Complexity and Physiological 
Stage
The physiological stage for adult patients with CHD 
was stratified according to the American College 
of Cardiology/American Heart Association Adult 
Congenital Heart Disease Guidelines. Patients were 
classified as being at Physiological stage C or D if they 
met the following criteria: New York Heart Association 
functional class III or greater; moderate or greater 
valvular stenosis or regurgitation; moderate/severe 
aortic enlargement; moderate/severe ventricular dys-
function; hypoxemia (pulse oximetry at rest <90%); 
hemodynamically significant shunt (chamber enlarge-
ment distal to shunt and/or Qp:Qs≥1.5:1); arrhythmias 
(controlled or refractory to treatment); pulmonary 
hypertension (mean pulmonary artery pressure ≥25 
mm Hg); Eisenmenger syndrome; or clinical or labora-
tory evidence of end-organ dysfunction.11

Anatomic complexity was also classified according 
to the 2018 American College of Cardiology/American 
Heart Association Adult Congenital Heart Disease 
Guidelines. Patients were considered to have complex 
congenital anatomy if they had any of the following: 
cyanotic heart defects (unrepaired or palliated); status 
post Fontan procedure; single ventricle physiology; 
pulmonary atresia; transposition of the great arteries; 
truncus arteriosus; or abnormalities of atrioventricular 
and ventriculoarterial connection.

Echocardiographic Data
Echocardiographic data were obtained via historical 
review of transthoracic echocardiograms read by car-
diologists who were board-certified in congenital heart 
disease. Each patient’s most recent, pre-infection 
echocardiogram was included. Patients were consid-
ered to have abnormal ventricular function if either the 
systemic or pulmonic ventricle had at least mild sys-
tolic dysfunction. Right ventricular systolic pressure 
was obtained when available. Individuals with ≥moder-
ate stenosis or regurgitation of any valve were consid-
ered to have significant valvular disease.

Statistical Analysis
Data were expressed as n (%), mean, or median where 
appropriate. Univariable analyses comparing discrete 

clinical variables were performed with exact logistic 
regression, overall and stratified by <18 or ≥18 years 
of age.12 Continuous variables of interest were ana-
lyzed by standard t tests. We corrected for multiple 
hypothesis testing by assessing a penalty for 10 tests 
of association with the outcome yielding a corrected 
significance threshold of 0.005. Statistical analysis was 
performed with Stata statistical software (version 14.1; 
Stata Corp, College Station, TX).

RESULTS
We identified 53 individuals with CHD at our medi-
cal center who met our definition for COVID-19 infec-
tion during the observation period. Symptoms were 
present in 52 individuals. One asymptomatic patient 
came to medical attention secondary to concern 
for potential infection after a family member tested 
positive. Ten patients (19%) were <18  years of age 
at the time of diagnosis. The median age of the co-
hort was 34  years of age. Patient congenital heart 
diagnoses included 16 (30%) with tetralogy of Fallot 
or pulmonary stenosis; 10 (19%) with single ventricle 
physiology status post Fontan palliation; 6 (11%) with 
shunting defects; 7 (13%) with a congenital valve ab-
normality; 7 (13%) with atrioventricular canal defects; 
and 7 (13%) with a different diagnosis (anomalous 
left coronary off the pulmonary artery, anomalous 
right coronary artery, coarctation of the aorta, dou-
ble-chamber right ventricle, congenitally corrected 
transposition of the great arteries, pulmonary atre-
sia, and D-transposition of the great arteries). Six 
patients (11%) had pulmonary hypertension (PH) re-
quiring treatment with outpatient pulmonary vasodi-
lator therapy before infection and 4 of these patients 
had Eisenmenger syndrome. Eight (15%) had genetic 
syndromes, including 5 (9%) with trisomy 21, 2 (4%) 
with DiGeorge syndrome and 1 (2%) with VACTERL 
association. Notably, 4 of the 6 individuals with PH 
also had genetic syndromes. Among all patients, 6 
(11%) had branch pulmonary artery abnormalities 
requiring prior intervention and 6 (11%) had chronic 
lung disease (2 with obstructive sleep apnea, 2 with 
chronic obstructive lung disease, 1 with unilateral 
pulmonary hypoplasia, and 1 with chronic bronchi-
tis). Four (7%) patients had systemic hypertension, 
2 (4%) had insulin-dependent diabetes mellitus, and 
none had known coronary artery disease. Two (4%) 
patients were living in a group home at the time of 
infection. Additional patient characteristics are listed 
in Table 1.

Of those presenting to medical care, mild symptoms 
were reported by 43 patients (81%); 9 (17%; 7 adults 
and 2 children) experienced moderate/severe symp-
toms. Details of the clinical course of individuals with 
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moderate/severe infections are presented in Table 2. 
Among those with moderate/severe symptoms, 2 
(22%) were maintained at home or long-term care fa-
cilities on increased supplemental oxygen, and 7 (77%) 
were hospitalized. Three (6% of all symptomatic; 33% 
of moderate/severely symptomatic) patients died. Both 
patients living in long-term care facilities at the time of 
infection died. Six of the 7 hospitalized patients with 
moderate/severe infection had worsening hypoxemia 
requiring supplemental oxygen and 3 required intuba-
tion. One hospitalized patient required inotropic sup-
port. Two underwent transthoracic echocardiography 
during admission, with each study demonstrating no 

change from baseline. No changes in cardiac medica-
tions were required for patients with mild infections or 
those treated as an outpatient. Among nonhospitalized 
patients, all were cared for at home or at their long-
term care facilities via telemedicine and 5 (10%) were 
prescribed hydroxychloroquine sulfate (Plaquenil) and 
azithromycin at the time of diagnosis.

The association between select exposures and 
the outcome of interest are displayed in Table 3. After 
Bonferroni correction, moderate/severe infection 
was associated with concurrent genetic syndrome, 
and in adult patients, adult congenital heart dis-
ease Physiological Stage C and D (Table 2). Notably, 

Table 1.  Patient Characteristics

Variable Children (N=10) Adults (N=43) Total Cohort (N=53)

Male 7 (70%) 24 (56%) 31 (58%)

Age, median, y (IQR) 3 (9) 37 (21) 34 (16)

STAT category of last surgery

1 4 (40%) 13 (38%) 17 (32%)

2 0 (0) 5 (15%) 5 (9%)

3 2 (20%) 8 (24%) 10 (19%)

4 1 (10%) 8 (24%) 9 (17%)

5 1 (10%) 0 (0) 1 (2%)

Obese 0 (0) 9 (21%) 9 (17%)

Decreased ventricular function (any) 2 (20%) 17 (40%) 19 (36%)

≥Moderate valvular regurgitation (any) 1 (10%) 11 (26%) 12 (23%)

≥Moderate valvular stenosis (any) 0 (0) 2 (5%) 2 (4%)

ACHD Physiological Stage C or D (adult only) 0 (0) 18 (42%) 18 (42%)

Baseline oxygen saturation, mean (SD) 96% (3) 95% (4) 95% (4)

RVSP, median, mm Hg (IQR) 35 (5) 35 (16) 35 (16)

Creatinine, mean (SD) 0.38 (0.15) 0.84 (0.20) 0.78 (0.24)

Hematocrit, mean (SD) 39 (6) 42 (9) 41 (9)

Medications

Aspirin 2 (20%) 13 (30%) 15 (28%)

Ace-inhibitors (any) 2 (20%) 8 (19%) 10 (19%)

Beta-blockers (any) 1 (10%) 15 (35%) 16 (30%)

Oral anticoagulation 1 (10%) 11 (26%) 12 (23%)

Furosemide 2 (20%) 6 (14%) 8 (15%)

Genetic syndrome 3 (30%) 5 (12%) 8 (15%)

Symptoms

Fever 4 (40%) 33 (77%) 37 (69%)

Cough 6 (60%) 27 (63%) 33 (62%)

Shortness of breath 1 (10%) 13 (30%) 14 (26%)

Any gastrointestinal symptom (nausea, emesis, diarrhea) 0 (0) 4 (9%) 4 (8%)

Anosmia 0 (0) 12 (28%) 12 (23%)

Ageusia 0 (0) 15 (35%) 15 (28%)

Lethargy 1 (10%) 15 (35%) 16 (30%)

Moderate/severe infection 2 (20%) 7 (16%) 9 (17%)

Deceased 0 (0%) 3 (7%) 3 (6%)

ACHD indicates adult congenital heart disease; IQR, interquartile range; RVSP, right ventricular systolic pressure; and STAT, The Society of Thoracic 
Surgeons-European Association for Cardio-Thoracic Surgery.
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obesity, PH, anatomic complexity, single ventricle sta-
tus, decreased ventricular function, medication type, 
≥18 years of age, sex, valvular disease, and STAT score 
of the last congenital heart surgery were not signifi-
cantly associated with moderate/severe infection in our 
cohort. Of those admitted, all 3 deaths occurred in our 
3 oldest patients—a 34 year old, a 65 year old, and a 
69 year old.

The mean duration of symptoms was 12 days (SD 
8  days). Notably, individuals with decreased subsys-
temic, subpulmonic, or single ventricular function had 
significantly longer duration of symptoms (18 days ver-
sus 9 days, P=0.0004). Figure 1 illustrates a box plot of 

symptom duration by ventricular function. We found no 
significant association among symptom duration and 
>18 years of age, type of congenital heart disease, a 
history of PH, body mass index, or STAT category of 
most recent surgery.

DISCUSSION
In our cohort of 53 adult and pediatric patients with 
CHD, 9 experienced moderate/severe infections and 
3 died. History of a genetic syndrome and, for adult 
patients with CHD, physiological stage C and D were 

Table 2.  Patient Characteristics and Disease Trajectory of Individuals With Moderate/Severe COVID-19 Infection and 
Congenital Heart Disease

Age/
Sex Cardiac Dx

Cardiac Status and 
Additional Comorbidities

Laboratory 
Values (Peak) Outcome Current Disposition

2 yo 
Female

AVC Trisomy 21 
Duodenal atresia 

G-tube

ESR: 36 
CRP: 14 

Trop: WNL

Hospitalized 
Treated for fever and diarrhea

At baseline 
(at home)

3 yo 
Male

AVC 
Pulmonary 

hypertension

Trisomy 21, OSA, 
chronic lung disease, 

seizure disorder, normal 
biventricular function 

PHT dual therapy 
(ambrisentan and tadalafil)

ESR: 59 
CRP: 54 

IL-6: WNL 
Trop: WNL

Hospitalized, inotropic support, 
supplemental oxygen (face mask)

At baseline 
(at home)

21 yo 
Male

AVC 
Eisenmenger

Trisomy 21, 
OSA, 

obesity, 
normal biventricular function, 

PHT monotherapy 
(tadalafil)

Not available Hospitalized, intubated, 
tracheostomy performed

Tracheostomy collar 
with baseline nighttime 

CPAP 
(at home)

23 yo 
Male

TOF/PA DiGeorge, 
obesity, 

moderate RVOT obstruction 
(estimated RVSP 55 mm Hg), 

free PI 
Branch LPA stenosis

ESR: 62 
CRP: NA 
IL-6: 54 

Trop: WNL

Hospitalized, supplemental 
oxygen (nasal cannula), treated for 

hypocalcemia

At baseline 
(at home)

23 yo 
Male

TA/Fontan obesity, 
paroxysmal atrial flutter, 

paced, 
baseline oxygen saturation 

92%

Not available Supplemental oxygen (nasal 
cannula)

At baseline 
(at home)

25 yo 
Female

AVC 
Eisenmenger

Trisomy 21, 
OSA, 

normal biventricular function, 
PHT monotherapy (sildenafil)

ESR: WNL 
CRP: WNL 

IL-6: NA 
Trop: WNL

Hospitalized 
Supplemental oxygen (face mask)

At baseline 
(at home)

34 yo 
Male

TOF/PA Biventricular dysfunction, 
obesity, 

prior pneumonia

ESR: 125 
CRP: 193 
IL-6: 17 

Trop: 154

Hospitalized Intubated, died of 
multiorgan dysfunction

Deceased

65 yo 
Male

Unrepaired 
DCRV

Trisomy 21, 
nonverbal, 

Severe RVOT obstruction 
(estimated RVSP 81 mm Hg)

Not available Hospitalized from care facility 
Intubated, died of refractory 

respiratory failure

Deceased

69 yo 
Female

VSD 
Eisenmenger

Severe RV dysfunction Not available Deceased at care facility 
(not hospitalized)

Deceased

AVC indicates atrioventricular canal defect; COVID-19, coronavirus disease 2019; CPAP, continuous positive airway pressure; CRP, C-reactive protein; DCRV, 
double chamber right ventricle; ESR, erythrocyte sedimentation rate; G-tube, gastrostomy tube; LPA, left pulmonary artery; NA, Not available; OSA, obstructive 
sleep apnea; PA, pulmonary atresia; PHT, Pulmonary hypertension; PI, Pulmonary insufficiency; RVOT, right ventricular outflow tract; RVSP, right ventricular 
systolic pressure; TA, tricuspid atresia; TOF, tetralogy of Fallot; Trop, high-sensitivity troponin; VSD, ventricular septal defect; WNL, within normal limits; and yo, 
years old.
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significantly associated with a moderate/severe infec-
tion. Additionally, individuals with ventricular dysfunction 
were more likely to have a longer duration of symptoms. 
Although our sample size is limited, type of CHD, in-
cluding single ventricle physiology, was not associated 
with worse clinical outcomes. These findings may have 
important implications for risk stratification among indi-
viduals with CHD at risk for COVID-19 infection.

While prior studies have identified adult-onset 
cardiovascular disease as a risk factor for mortality 
in COVID-19 infections,13,14 the impact of the virus in 
patients with CHD remains unknown. At the begin-
ning of the pandemic, many feared that CHD would 
be as big a risk factor as adult-onset cardiovas-
cular disease. By the end of our study period, the 
estimated statewide prevalence of COVID-19 infec-
tion was 14% (20% in New York City).15 During the 
spring of 2020, our institution managed all inpatient 
COVID-19-positive children and ≈40% of the >10 000 
COVID-19 adult admissions at our hospital system. 
Furthermore, our adult and pediatric congenital heart 
center follows >7000 patients. Yet only 53 COVID-19 
patients with CHD—43 adults and 10 children—pre-
sented to medical care for COVID-19. Of these, only 
9 children or adults with CHD had moderate/severe 
symptoms. There were 3 deaths—2 of 7 hospitalized 
patients and 1 who remained in a facility. This is in 
line with the 39% mortality experienced across our 
institution by all COVID-19 admissions during this 
time period.16

That having been said, it is important to note that 
the median age and the frequency of acquired car-
diac risk factors were lower in hospitalized patients in 
our cohort compared with published reports of hos-
pitalized patients from COVID-19 in New York City at 

Table 3.  Univariate Association of Select Covariates with 
Moderate/Severe Infection by Exact Logistic Regression

Variable(s) OR P Value

Genetic syndrome 35.82 0.0002*

ACHD Physiologic Stage C 19.38 0.0020*

Pulmonary hypertension 15.25 0.011

Obesity 7.34 0.046

Complex congenital anatomy 2.86 0.36

Age (per y) 0.98 0.39

Male sex 1.51 0.87

Single ventricle/Fontan 0.49 0.91

STAT category 1.26 0.61

Decreased ventricular function 1.51 0.81

ACHD indicates adult congenital heart disease; OR, odds ratio; and 
STAT, The Society of Thoracic Surgeons-European Association for Cardio-
Thoracic Surgery.

*Significant postadjustment for multiple comparisons.

Figure.  Duration of COVID-19 symptoms by ventricular function.
The median duration of symptom duration for patients with decreased ventricular function (of any 
ventricle) was 18  days compared with 9  days for patients with normal ventricular function. COVID-19 
indicates coronavirus disease 2019.
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large.17 This may be because the CHD community at 
large is younger than the general population or be-
cause individuals with CHD may have distinct risk fac-
tors for severe COVID-19 infection when compared 
with the general population. It is possible that a cohort 
of elderly patients with CHD might have a different risk 
profile than the general population.

The plurality of identified mechanisms by which 
COVID-19 can cause disease combined with the diver-
sity of anatomic lesions, repairs, and pathophysiology 
in CHD significantly obfuscate the ability to prognosti-
cate which patients with CHD are at greatest risk for 
moderate/severe infection. Because the complexity of 
patients’ anatomic lesions and the degree of physio-
logical decompensation are not always correlated, we 
analyzed their associations with COVID-19 severity sep-
arately. We found that congenital lesion or complexity 
by most recent congenital heart surgery was not asso-
ciated with patient course. Furthermore, we found no 
association between individual lesions, including single 
ventricle physiology, and disease severity. While our 
sample size is small, these results imply that specific 
congenital heart lesions may not be sufficient cause 
alone for severe COVID-19 infection. In contrast, ag-
gregate markers of advanced cardiac disease, such as 
physiologic stage, may act as a surrogate for overall 
cardiac fitness across the spectrum of CHD lesions, 
better defining risk for adverse outcomes from COVID-
19 infection in the population with CHD at large.

The presence of a concurrent genetic syndrome 
was associated with an increased risk of symptom 
severity, with 5 patients with trisomy 21 and 1 patient 
with DiGeorge syndrome developing moderate/severe 
symptoms. There are multiple plausible mechanisms 
by which genetic syndromes may impact COVID-19 
severity. Both trisomy 21 and 22q11 deletion have 
been associated with alterations in cell-mediated and 
humoral immunological response.18,19 Additionally, 
trisomy 21 has been shown to activate interferon 
transcriptional response in lymphoblastoid cell lines, 
circulating monocytes, and T cells, while 22q11 de-
letions are associated with variable immune defects 
including decreased T cell function, hypogamma-
globulinemia, and poor vaccine-specific antibody re-
sponse.20,21 Trisomy 21 and DiGeorge syndrome are 
also associated with a multitude of additional medical 
comorbidities including pulmonary abnormalities and 
renal dysfunction. In aggregate, these risk factors in-
crease risk of morbidity and mortality during viral re-
spiratory infections as demonstrated during the 2009 
H1N1 pandemic.22 Whether additional monogenic 
causes of CHD23 confer risk in nonsyndromic patients 
with CHD remains to be determined.

COVID-19 may potentiate pulmonary vascu-
lar disease through multiple mechanisms including 
pneumonia leading to worsening V/Q mismatch and 

progressive hypoxic, embolic disease, and hypercap-
nic vasoconstriction.24 However, COVID-19 may also 
directly impact endothelial cells. Multiple studies have 
demonstrated an accumulation of inflammatory cells 
within the endothelium in COVID-19 infection, leading 
to cell death and endothelial cell dysfunction.25 In pa-
tients with clinically significant PH, vascular dysregu-
lation, mediated by endothelial dysfunction, has the 
potential to lead to progressive vasoconstriction and 
end-organ damage. These proposed mechanisms 
notwithstanding, it is still unclear whether the presence 
of PH alone is a risk factor for the development of se-
vere COVID-19 infection. Despite a significant number 
of patients with CHD with coincident PH in our patient 
population, PH was not associated with the outcome 
in our study. While this may represent underpowering, 
it is also possible that unidentified host factors play a 
role in defining the impact of COVID-19 infection in indi-
viduals with PH. Future, multicenter studies are neces-
sary to better define risk factors in the PH population.

Limitations
Given inherent limitations to COVID-19 testing avail-
ability and accuracy, defining positive cases can be 
challenging. By including symptomatic individuals with 
positive household contacts, we may have overesti-
mated the number of symptomatic patients in our co-
hort with COVID-19. Furthermore, it is known that some 
patients, particularly children, are minimally sympto-
matic or asymptomatic. It is, therefore, likely that there 
were patients with CHD with minimal or no symptoms 
who were not included in our case count. Furthermore, 
it is not yet known the extent to which minimally symp-
tomatic or asymptomatic patients might develop long-
term sequelae. Our intention, however, was to focus 
on describing symptomatic patients and to provide 
estimates of symptomatic patients. Importantly, both 
strategies for case identification would bias our study 
towards overestimating symptomatic cases, thus max-
imizing sensitivity for case identification. Conversely, 
overly conservative case identification could lead to un-
derestimating symptomatic risk. While it is possible that 
our patient population exercised stricter adherence to 
social distancing given early publicized concerns about 
cardiac risk, these early results appear reassuring. 
While large-scale antibody testing may allow for more 
precise estimations of COVID-19 infection in the popu-
lation with CHD in the future, the relatively low rate of 
observed symptomatic infection may suggest that the 
overall risk to patients with CHD without clear physi-
ological risk factors may not differ significantly from the 
population at large.

Because of our limited sample size and young age of 
our cohort, we had relatively few patients with acquired 
cardiovascular disease. As such, the impact of acquired 
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cardiovascular disease in patients with COVID-19 and 
CHD remains to be determined. Similarly, it is possible 
that we were underpowered to accurately determine 
the risk associated with specific lesions or additional 
patient characteristics. Large patient registries, cur-
rently in development, may help to address this issue. 
Given the limited number of tests available and reliance 
on self-reporting, it is likely that mild or asymptomatic 
cases may have gone unrecognized. However, to our 
knowledge, this is the largest study to date delineating 
the impact of COVID-19 infection on patients with CHD 
followed at a tertiary care congenital heart center.

CONCLUSIONS
Despite evidence that adult-onset cardiovascular 
disease is a risk factor for worse outcomes among 
patients with COVID-19, patients with CHD without 
concomitant genetic syndrome, and adults who are 
not at advanced physiological stage, do not appear to 
be disproportionately impacted.

APPENDIX
The authors acknowledge the contributions of the 
Columbia University Irving Medical Center Pediatric-
Adult Congenital Heart Research Collaborative: Oliver 
Barry, Tarif Choudhary, Eva Cheung, Kanwal Farooqi, 
Anne Ferris, David Kalfa, Ganga Krishnamurthy, 
Damien LaPar, Leo Liberman, Diane Rhee, Amee 
Shah, Eric Silver, Sangee Suh, Joyce Woo.

ARTICLE INFORMATION
Received May 13, 2020; accepted September 21, 2020.

Affiliations
From the Department of Medicine (M.J.L., M.A., R.S., W.K.C., M.R.)Department 
of Pediatrics (B.R.A., M.F., U.K., R.W., S.L., I.D.L., J.V., W.K.C., E.B.R., T.J.S.) and 
Division of Cardiothoracic Surgery, Columbia University Irving Medical Center, 
New York, NY (E.A.B.).

Sources of Funding
None.

Disclosures
Dr Lewis receives salary support from the National Institutes of Health/
NHLBI (K23 HL1143136). Dr Anderson receives salary support from the 
National Institutes of Health/NHLBI (K23 HL133454). The remaining authors 
have no disclosures to report.

REFERENCES
	 1.	 Coronavirus Disease 2019 (COVID-19). Center for Disease Control. CDC 

COVID Data Traker. https://covid.cdc.gov/covid​-data-tracker. Accessed 
January 7, 2020.

	 2.	 Cheng VC, Lau SK, Woo PC, Yuen KY. Severe acute respiratory syn-
drome coronavirus as an agent of emerging and reemerging infection. 
Clin Microbiol Rev. 2007;20:660–694.

	 3.	 Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, Song B, Gu 
X, et al. Clinical course and risk factors for mortality of adult inpatients 

with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet. 
2020;395:1054–1062.

	 4.	 Mehra MR, Desai SS, Kuy S, Henry TD, Patel AN. Cardiovascular disease, 
drug therapy, and mortality in Covid-19. N Engl J Med. 2020;382:e102.

	 5.	 Fried JA, Ramasubbu K, Bhatt R, Topkara VK, Clerkin KJ, Horn E, 
Rabbani L, Brodie D, Jain SS, Kirtane AJ, et al. The variety of cardio-
vascular presentations of COVID-19. Circulation. 2020;141:1930–1936.

	 6.	 Marini JJ, Gattinoni L. Management of COVID-19 respiratory distress. 
JAMA. 2020;323:2329–2330.

	 7.	 Clerkin KJ, Fried JA, Raikhelkar J, Sayer G, Griffin JM, Masoumi A, Jain 
S, Burkhoff D, Kumaraiah D, Rabbani L, et al. Coronavirus disease 2019 
(COVID-19) and cardiovascular disease. Circulation. 2020;141:1648–1655.

	 8.	 Bikdeli B, Madhavan MV, Jimenez D, Chuich T, Dreyfus I, Driggin E, 
Nigoghossian CD, Ageno W, Madjid M, Guo Y, et al. COVID-19 and throm-
botic or thromboembolic disease: implications for prevention, antithrom-
botic therapy, and follow-up. J Am Coll Cardiol. 2020;75:2950–2973.

	 9.	 Nguyen JL, Yang W, Ito K, Matte TD, Shaman J, Kinney PL. Seasonal in-
fluenza infections and cardiovascular disease mortality. JAMA Cardiol. 
2016;1:274–281.

	10.	 Jacobs JP, He X, Mayer JE, Jacobs J, Austin EH, Quintessenza JA, 
Karl TR, Vricella L, Mavroudis C, O’Brien SM, et al. Mortality trends in 
pediatric and congenital heart surgery: an analysis of the society of tho-
racic surgeons congenital heart surgery database. Ann Thorac Surg. 
2016;102:1345–1352.

	11.	 Stout KK, Daniels CJ, Aboulhosn JA, Bozkurt B, Broberg C, Colman 
J, Crumb S, Dearani J, Fuller S, Gurvitz M, et al. 2018 AHA/ACC 
Guideline for the Management of Adults With Congenital Heart 
Disease: a report of the American College of Cardiology/American 
Heart Association Task Force on Clinical Practice Guidelines. 
Circulation. 2019;139:e698–e800.

	12.	 Hirji K. Exact Analysis of Discrete Data. Boca Raton, FL: Chapman and 
Hall; 2005.

	13.	 Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F, Gong W, Liu X, Liang 
J, Zhao Q, et al. Association of cardiac injury with mortality in hos-
pitalized patients with COVID-19 in Wuhan, China. JAMA Cardiol. 
2020;5:802–810.

	14.	 Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of mor-
tality due to COVID-19 based on an analysis of data of 150 patients from 
Wuhan, China. Intensive Care Med. 2020;46:846–848.

	15.	 COVID-19 Testing. New York State Department of Health. Novel 
Coronavirus. https://coron​avirus.health.ny.gov/covid​-19-testing Accessed 
January 7, 2020.

	16.	 Cummings MJ, Baldwin MR, Abrams D, Jacobson S, Meyer 
B, Balough E, Aaron J, Claassen J, Rabbani L, Hastie J, et al. 
Epidemiology, clinical course, and outcomes of critically ill adults 
with COVID-19 in New York City: a prospective cohort study. Lancet. 
2020;395:1763–1770.

	17.	 Richardson S, Hirsch JS, Narasimhan M, Crawford J, McGinn T, Davidson 
K, Barnaby D, Becker L, Chelico J, Cohen S, et al. Presenting characteris-
tics, comorbidities, and outcomes among 5700 patients hospitalized with 
COVID-19 in the New York City Area. JAMA. 2020;323:2052–2059.

	18.	 Schoch J, Rohrer TR, Kaestner M, Abdul-Khaliq H, Gortner L, Sester U, 
Sester M, Schmidt T. Quantitative, phenotypical, and functional char-
acterization of cellular immunity in children and adolescents with down 
syndrome. J Infect Dis. 2017;215:1619–1628.

	19.	 Junker AK, Driscoll DA. Humoral immunity in DiGeorge syndrome. J 
Pediatr. 1995;127:231–237.

	20.	 Kuo CY, Signer R, Saitta SC. Immune and genetic features of the chro-
mosome 22q11.2 deletion (DiGeorge Syndrome). Curr Allergy Asthma 
Rep. 2018;18:75.

	21.	 Sullivan KD, Lewis HC, Hill AA, et al. Trisomy 21 consistently activates 
the interferon response. Elife. 2016;5:e16220.

	22.	 Pérez-Padilla R, Fernández R, García-Sancho C, Franco-Marina F, 
Aburto O, López-Gatell H, Bojórquez I. Pandemic (H1N1) 2009 virus 
and down syndrome patients. Emerg Infect Dis. 2009;2010:1312–1314.

	23.	 Jin SC, Homsy J, Zaidi S, Lu Q, Morton S, DePalma S, Zeng X, Qi 
H, Chang W, Sierant M, et al. Contribution of rare inherited and de 
novo variants in 2,871 congenital heart disease probands. Nat Genet. 
2017;49:1593–1601.

	24.	 Liu PP, Blet A, Smyth D, Li H. The science underlying COVID-19: impli-
cations for the cardiovascular system. Circulation. 2020;142:68–78.

	25.	 Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt R, Zinkernagel 
A, Mehra M, Schuepbach R, Ruschitzka F, Moch H. Endothelial cell in-
fection and endotheliitis in COVID-19. Lancet. 2020;395:1417–1418.

https://covid.cdc.gov/covid-data-tracker
https://coronavirus.health.ny.gov/covid-19-testing

