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ABSTRACT

Objective Adults with congenital heart disease (ACHD)
may be at a higher risk of a fatal outcome in case of
COVID-19. Current risk stratification among these patients
relies on personal experience and extrapolation from
patients with acquired heart disease. We aimed to provide
an expert view on risk stratification while awaiting results
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patients at risk of COVID-19 related complications. There
was a consensus on pulmonary arterial hypertension,
Fontan physiology and cyanotic heart disease as risk
factors for adverse outcomes. Among different ACHD
scenarios, a patient with Eisenmenger syndrome was
considered to be at the highest risk. There was a marked
variability in risk estimation among the other potential
outcome predictors and ACHD scenarios.
Conclusions Pulmonary arterial hypertension, Fontan
palliation and cyanotic heart disease were widely
considered as risk factors for poor outcome in COVID-19.
However, there was a marked disparity in risk estimation
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INTRODUCTION
COVID-19 has developed into a worldwide
pandemic.1 As a response, strategies were
developed to minimise transmission of the
virus and reduce disease-
related morbidity

Key questions
What is already known about this subject?
►► The novel SARS-CoV-2 responsible for COVID-19 is

thought to interact with the cardiovascular system
on multiple levels, leading to increased morbidity
and mortality in patients with underlying cardiovascular diseases.

What does this study add?
►► Whether adults with congenital heart disease (ACHD)

should be considered to be at increased risk of poor
outcomes if suffering from COVID-19 is unclear.
►► In the absence of observational studies, our survey
provides the first expert opinion in this respect.

How might this impact on clinical practice?
►► Our study provides a first impression on how risk

stratification of ACHD in the current pandemic is
handled in the absence of observational data.
►► The results presented in this manuscript may encourage ACHD professionals worldwide to collaborate in outcome studies reflecting the disease
among these patients.

and mortality, including preferential protection of patients with underlying medical
conditions.
Adults congenital heart disease (ACHD)
patients may be such vulnerable persons.
Due to their young age (the median age in
European registries varies between 30 and
35 years),2 3 cardiovascular risk factors for
adverse COVID-19 outcomes such as ischaemic heart disease, cerebrovascular disease,
diabetes and hypertension are infrequently
found among ACHD patients. However, many
ACHD patients face a lifelong increased risk
of arrhythmias, heart failure, paradoxical
embolism and pulmonary vascular disease
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Risk stratification of adults with
congenital heart disease during the
COVID-19 pandemic: insights from a
multinational survey among
European experts
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as low risk, scores from 25 to 49 as low to moderate
risk, scores from 50 to 74 as moderate to high risk, and
scores ≥75 as high risk. Data from 24 questionnaires
were collected from 5 to 20 April 2020. The results of
the survey were analysed by descriptive statistics and are
presented as mean±SD, median and IQR, or percentage,
as appropriate. For the different ACHD scenarios, categorised risk scores (as described above) among ACHD
specialists with clinical experience with ACHD COVID-19
cases and those without were compared by means of χ2
test. Overall, the null hypothesis was rejected for p values
<0.05.

METHODS
This survey was an initiative of the EPOCH (European
Collaboration for Prospective Outcome Research in
Congenital Heart disease; https://www.
sacher-
registry.
com/epoch/). Board members of the European Society
of Cardiology ACHD Working Group were invited to
participate and identify additional tertiary ACHD centres
in their countries. Twenty-
three centres from Austria,
Belgium, Denmark, France, Germany, Italy, the Netherlands, Spain and Switzerland participated in an online
questionnaire using the platform SurveyMonkey. The
questionnaire is provided as online supplemental material. All participating ACHD centres were tertiary care
hospitals with intensive care units and the possibility to
provide extracorporeal membrane oxygenation if necessary.
Participants were asked whether they considered all
ACHD patients to be at risk of COVID-19-related complications or not and whether their standards for risk
stratification were based on national or centre-specific
agreement or on personal judgement. Participants then
had to select general and ACHD-
specific risk factors
they considered as relevant for poor COVID-19-related
outcome. Finally, participants estimated the risk of
adverse COVID-19 outcomes in seven different common
patient scenarios by scoring risks from 0 (no increased
risk) to 100 (very high risk). Scores <25 were categorised

Patient and public involvement
There was no public or patient involvement in this survey.

Figure 1
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RESULTS
The mean number of patients under follow-u p per
year among the reporting centres was 1673±877. A
median of 2 (1–4) full-t ime ACHD cardiologists were
working per centre. At the time of the survey, 13
(57%) centres already had clinical experience with
COVID-19 among their ACHD patients.
The majority (82%) of participants considered
not all ACHD patients at risk of COVID-19-related
complications. Overall, 75% of the participants based
their decision on national/working group consensus,
while 58% and 29% based their decision on personal
judgement and centre-
specific agreement, respectively. Among the general risk factors for adverse
outcomes in COVID-19, all participants considered
advanced age, symptomatic heart failure and immunosuppression as such (figure 1). Advanced lung and
renal disease, as well as diabetes, were also considered as relevant for ACHD patients by the majority
of the experts. There was less agreement with respect
to male gender, coronary artery disease, arterial
hypertension and advanced liver disease. Pulmonary
arterial hypertension was unanimously considered

General risk factors (proportion of 'yes' votes)
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due to residual haemodynamic lesions or sequelae from
previous interventions.4 5 Therefore, risk stratification
among this rapidly growing cohort of rather young and
otherwise healthy patients can be challenging.
Currently, risk estimation in ACHD is based on expert
opinion.6–8 To further delineate COVID-19 risk perception among ACHD specialists, we conducted a survey
among 23 tertiary European centres in different countries. The survey allows to identify areas of concordance
and discordance regarding COVID-19 risk stratification
in ACHD patients.
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as ACHD-
s pecific risk factor, and 96% considered
Fontan physiology and cyanotic heart disease as
additional risk factors. The rating of all proposed
general and ACHD-s pecific risk factors is depicted in
figures 1 and 2. Among the different ACHD scenarios,
a patient with Eisenmenger syndrome was considered
to be at the highest risk, whereas a well-doing Fontan
patient with an extracardiac conduit was scored at
moderate to high risk. There was a marked variability
in risk estimation for this scenario. One-t hird considered a well-doing Fontan patient to be at high risk
for lesion (score >75), one-t hird at moderate to high
risk (score 50–75) and one-third at low to moderate
risk (score 25–49). All other scenarios were scored at
low to moderate risk. The SD of the score among all
scenarios ranged from 14 to 21 (figure 3).

Complexity of the heart defect and comorbidities
were considered the most important risk factor for an
adverse outcome in case of COVID-19 (for 33% and
29% of the responders, respectively).
For the different ACHD scenarios, comparison of
categorised risk scores among ACHD specialists with
clinical experience with ACHD COVID-19 cases and
those without revealed no statistically significant
difference in risk stratification.
DISCUSSION
In the absence of observational studies, our survey
provides the first systematically collected expert opinion
on risk stratification of ACHD patients. Those with
pulmonary arterial hypertension, Fontan palliation and

Figure 3 Risk stratification (poor COVID-19 outcome) among seven possible ACHD scenarios. ACHD, adult with congenital
heart disease; Fontan-TCPC, univentricular physiology with total cavopulmonary connection and good haemodynamics;
repaired CoA, repaired aortic coarctation with mild residual hypertension; TOF-conduit, repaired tetralogy of Fallot with conduit
implantation; TOF-PR, repaired tetralogy of Fallot with residual severe pulmonary regurgitation; VSD-NC, repaired ventricular
septal defect and mild non-compaction cardiomyopathy.
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Figure 2 ACHD-specific risk factors (proportion of 'yes' votes). ACHD, adult with congenital heart disease; AICD, automatic
implantable cardioverter defibrillator; EF, ejection fraction.
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cyanotic heart disease were considered at highest risk.
There was however a marked disparity among ACHD
specialists on risk estimation for the most common clinical scenarios.
ACHD patients currently compose a rather young
population.2 3 Due to their age, a milder disease course
in case of COVID-19 might be expected when compared
with older general population. However, ACHD-specific
disorders (eg, restrictive lung disease due to repeated
thoracotomies, residual shunts and so on) or associated
genetic disorders (ie, 22q11 microdeletion or trisomy of
chromosome 21) have the potential to increase their risk
for an adverse COVID-19 outcome.
In addition, the heterogeneity of cardiac defects and
repair strategies performed in the past makes risk stratification among ACHD patients challenging even for
ACHD experts, as illustrated by the disparity of estimated
risk among the presented clinical scenarios. Reassuringly,
most experts consider the majority of ACHD patients to
be at low risk for poor outcomes in case of COVID-19.
However, ACHD patients at advanced age and with symptomatic heart failure or immunosuppression, as well as
those with pulmonary arterial hypertension, cyanosis and
a Fontan circulation, are considered vulnerable in case
of COVID-19.
The level of evidence of our research is considered
to be lowest when using the classification of the Oxford
(UK) Centre for Evidence-
based Medicine: Levels of
Evidence.9 However, until the much-
needed outcome
studies reflecting the disease course in ACHD patients
are available, we may rely on the above-mentioned results
not only to assess patient risk but also to reassure many
of our patients.
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Questionnaire

Question

Answer

1. Please, indicate your name
2. Do you consider all ACHD patients

- Yes

at risk for COVID-19 related

- No

complications

- Unsure

3. How do you estimate COVID risk in

- based on national / working

- I don’t stratify ACHD patients

your patients (multiple answers are

group consensus

into different COVID-19 risk

possible)

- based on center specific

categories

agreement

- I don’t know

- based on personal judgment

4. What do you consider as general

- diabetes

- symptomatic heart failure

risk factor(s) for an adverse outcome

- advanced renal disease

- advanced liver disease

in COVID-19 (multiple answers are

- arterial hypertension

- advanced age

possible)

- male gender

- advanced lung disease

- immunosuppression

- any other condition not

- coronary artery disease

mentioned before:

5. What do you consider as ACHD-

- pregnancy

- symptomatic arrhythmia

specific risk factor(s) for an adverse

- impaired subpulmonary

- pulmonary arterial

outcome in COVID-19 (multiple

ventricular function

hypertension

answers are possible)

- trisomy 21

- systemic right ventricle (per

- mechanical heart valve(s)

se)

- cyanotic heart disease

- Fontan physiology

(SpO2 <90%)

- impaired subaortic ventricular

- 22q11 microdeletion

function
- ICD carrier

Ruperti-Repilado FJ, et al. Open Heart 2021; 8:e001455. doi: 10.1136/openhrt-2020-001455

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

- moderate or severe valvular

- any other condition not

heart disease

mentioned before

6. What do you consider as most

- complexity of heart defect

important risk factor for an adverse

- age

outcome in COVID-19 (please rate the

- gender

following options from 1 to 4, with

- co-morbidities

Open Heart

1=most important)
7. Do you consider this patient at risk

25-year-old male Fontan patient with an extracardiac TCPC-

for COVID-19 related complications?

conduit and good hemodynamics, no arrhythmia.

Please rate from 0% (no risk) to 100%
(very high risk)
8. Do you consider this patient at risk

35-year-old male with repaired coarctation of the aorta, a mildly

for COVID-19 related complications?

stenotic bicuspid aortic valve and persistent proximal

Please rate from 0% (no risk) to 100%

hypertension, well controlled with ACE-inhibitors

(very high risk)
9. Do you consider this patient at risk

35-year-old female with Ebstein anomaly with mild to moderate

for COVID-19 related complications?

tricuspid valve regurgitation and patent foramen ovale

Please rate from 0% (no risk) to 100%
(very high risk)
10. Do you consider this patient at risk

40-year-old male with repaired Tetralogy of Fallot, a mildly

for COVID-19 related complications?

stenotic RV-PA conduit and a right ventricle with a RV-EDVi of

Please rate from 0% (no risk) to 100%

110 ml/m2 and an RV-EF of 38%.

(very high risk)
11. Do you consider this patient at risk

25-year old male with patch closure of a ventricular septal

for COVID-19 related complications?

defect and left-ventricular non-compaction with an LV-EF of

Please rate from 0% (no risk) to 100%

50%.

(very high risk)
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12. Do you consider this patient at risk

45-year-old male with repaired Tetralogy of Fallot and

for COVID-19 related complications?

moderate to severe pulmonary regurgitation, a right ventricle

Please rate from 0% (no risk) to 100%

with a RV-EDVi of 140 ml/m2 and an RV-EF of 49%.

Open Heart

(very high risk)
13. Do you consider this patient at risk

45-year-old female with trisomy 21 and Eisenmenger

for COVID-19 related complications?

physiology due to an non-restrictive ventricular septal defect

Please rate from 0% (no risk) to 100%

(SpO2 78%) and preserved biventricular function)

(very high risk)
ACE means angiotensin-converting-enzyme; ACHD, congenital heart disease; COVID-19,
coronavirus disease 2019; ICD, implantable cardioverter defibrillator; SpO2, peripheral
capillary oxygen saturation; LV-EF, left ventricle ejection fraction; TCPC, total cavopulmonary
connection; RV-EDVi, right ventricle end-diastolic volume index; RV-EF, right ventricle ejection
fraction and RV-PA, right ventricle to pulmonary artery.
No pre-defined cut-offs were applied when defining advanced age and advanced renal / liver
disease
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