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We are witnessing an unparalleled pandemic caused by the novel Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) asso-
ciated with coronavirus disease 2019 (COVID-19). Current data show that SARS-CoV-2 results in mild flu-like symptoms in the majority
of healthy and young patients affected. Nevertheless, the severity of COVID-19 respiratory syndrome and the risk of adverse or cata-
strophic outcomes are increased in patients with pre-existing cardiovascular disease. Patients with adult congenital heart disease
(ACHD)—by definition—have underlying cardiovascular disease. Many patients with ACHD are also afflicted with residual haemodynamic
lesions such as valve dysfunction, diminished ventricular function, arrhythmias or cyanosis, have extracardiac comorbidities, and face add-
itional challenges regarding pregnancy. Currently, there are emerging data of the effect of COVID-19 on ACHD patients, but many
aspects, especially risk stratification and treatment considerations, remain unclear. In this article, we aim to discuss the broad impact of
COVID-19 on ACHD patients, focusing specifically on pathophysiology, risk stratification for work, self-isolation, hospitalization, impact
on pregnancy, psychosocial health, and longer-term implications for the provision of ACHD care.
...................................................................................................................................................................................................

Keywords Adult congenital heart disease • COVID-19 • SARS-CoV-2 • Corona • Position paper

Introduction

We are witnessing an unparalleled pandemic caused by the novel
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
associated with coronavirus disease 2019 (COVID-19).

Current data show that SARS-CoV-2 results in mild flu-like symp-
toms in the majority of healthy and young patients affected.1

Nevertheless, the severity of COVID-19 respiratory syndrome and
the risk of adverse or catastrophic outcomes are increased in patients
with pre-existing cardiovascular disease.2 Patients with adult
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congenital heart disease (ACHD)—by definition—have underlying
cardiovascular disease. Many patients with ACHD are also afflicted
with residual haemodynamic lesions, such as valve dysfunction, dimin-
ished ventricular function, arrhythmias, or cyanosis, have extracardiac
comorbidities, and face additional challenges regarding pregnancy.3–5

Currently, there are emerging data of the effect of COVID-19 on
patients with ACHD, but many aspects, especially risk stratification
and treatment considerations, remain unclear. In this article, we aim
to discuss the broad impact of COVID-19 on patients with ACHD,
focusing specifically on pathophysiology, risk stratification for work,
self-isolation, hospitalization, impact on pregnancy, psychosocial
health, and longer-term implications for the provision of ACHD care.

Specific clinical, anatomical, and
physiological considerations in
ACHD cardiovascular cohorts

Theoretically, the SARS-COV-2 virus should cause greatest harm in
patients with pre-existing pulmonary or myocardial conditions, due
to direct pulmonary and myocardial injury.6,7 Vulnerable patients
may include those with pulmonary arterial hypertension (PAH),
Eisenmenger syndrome, cyanosis, Fontan palliation, and systemic
right ventricles (RVs) from transposition of the great arteries (TGA).
Although ‘cardiovascular disease’, broadly defined, is clearly associ-
ated with worse outcomes related to respiratory viral infections in
general,8–10 not every cardiovascular condition confers equal risk.11

Therefore, it is unknown whether the aforementioned ACHD sub-
groups fall into this high-risk category or are as vulnerable as they
might inherently seem. Plausible arguments of factors conveying risk
or protection are herein discussed, although each argument remains
speculative due to the paucity of published experiences with
COVID-19.

Among the most vulnerable congenital heart patients are likely
those with Fontan physiology or various modifications of single ven-
tricle palliation, who are dependent on low pulmonary vascular re-
sistance (PVR) for venous return. As patients with acute respiratory
distress syndrome (ARDS) will typically have the mean pulmonary ar-
tery pressures of 30 mmHg or greater,12 the effects could be devas-
tating to Fontan patients reliant on passive pulmonary blood flow.
Furthermore, Fontan patients are intolerant of ongoing positive pres-
sure ventilation because elevated intrathoracic pressure can adverse-
ly affect venous return. Fontan patients are also prone to
thromboembolic complications, which have also been described with
COVID-19.13 Yet thus far, anecdotal experience assessed via surveys
of accredited programmes has not demonstrated a high proportion
of Fontan patients succumbing to the virus. In their favour, Fontan
patients tend to be younger, and the coronavirus experience thus far
suggests favoured outcomes in younger individuals. Furthermore, if
exposed, Fontan patients may not necessarily be at greater risk for
the virus to precipitate an ARDS-like reaction, without which many
of the adverse physiological effects are less worrisome.

PAH is another cohort of patients viewed as high risk. Yet in a simi-
lar fashion, anecdotal experience with PAH has not demonstrated high
mortality; both infection burden and serious complications have been
lower than expected.14 An RV working against chronically increased

PVR may be tempered to adverse changes in PVR from acute respira-
tory infection. For now, however, this remains speculative.

It is easy to postulate that cyanosis including Eisenmenger physi-
ology would confer tremendous vulnerability to a disease that wor-
sens oxygen delivery. These fragile patients endure on delicate
homeostatic adaptations that can be fatal when unbalanced. Yet para-
doxically, it may be that these same adaptations lessen the impact of
acute hypoxaemia from the virus. Generally, RV dysfunction is ad-
versely prognostic in COVID-19,15 and, like PAH, Eisenmenger
patients are vulnerable to ventricular dysfunction over time.
However, chronically elevated afterload may precondition an RV to
better adapt to acute changes in loading. Those with cyanosis from
right to left shunting may be vulnerable to thromboembolic phenom-
ena given the association of COVID-19 and thrombosis.13 Despite
the perceived risks, anecdotal reports include those with PAH, cyan-
osis, and Eisenmenger physiology, who, though requiring intubation,
notwithstanding survive. Perhaps for some such survivors, youth is in
their favour. As above, anecdotes will need to be replaced with popu-
lation data to verify and understand this more fully.

As biventricular dysfunction is a known complication of COVID-
19, those with pre-existing systemic ventricular dysfunction or vul-
nerability thereto should be considered at risk. Yet the transposition
patients have a sub-pulmonic left ventricle, which, in the face of
increasing demands such as from ARDS, may pose an advantage. On
the other hand, the systemic RV systolic function is often moderate
to severely impaired with possible worsening after COVID-19 infec-
tion. While published COVID-19 experience describes ventricular
failure as a complication from the virus, pre-existing systolic dysfunc-
tion it is not highlighted as a risk factor for mortality16 likely because
much remains unknown about patient conditions prior to exposure.

Finally, because these cohorts generally require closer follow-up,
there may be exposure risk for those without infection who, for on-
going care, visit receive ongoing care in a healthcare facility where the
virus may be prevalent. At the opposite extreme there is risk from
care avoidance if cardiopulmonary issues are ignored or treatment is
delayed due to concerns of such exposure. Examples of both have
been experienced.

Ongoing efforts for data collection

The International Society for Adult Congenital Heart Disease
endorses a global project initiated by the Adult Congenital Heart
Association that is currently collecting COVID-19 data in over 80
centres. The study lasts up to 2 years and aims to document the clin-
ical impact of COVID-19 on patients with congenital heart disease.
As of July 2020, the study has collected 90 cases, 48% with moderate
and 38% complex congenital heart defects, including 11 Fontan and 8
cyanotic patients. Of these, there have been 29 hospitalizations, 14
with major complications, and 4 COVID-related deaths.17 On a
European level, the European Collaboration for Prospective
Outcome research in Congenital Heart Disease (EPOCH) launched
a project tracking COVID-19 cases in over 20 European tertiary
ACHD centres throughout nine countries. Close to 90 COVID-19
cases among patients with ACHD have been reported, including 5
fatalities in patients positive for SARS-CoV-2. A survey of ACHD car-
diologists at EPOCH centres indicated that patients with residual

2 G.-P. Diller et al.
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pulmonary hypertension, central cyanosis, and the absence of a sub-
pulmonary ventricle were considered at the greatest risk of adverse
COVID-19 outcomes.

Care recommendations

There are limited data on outcomes in patients with ACHD who de-
velop COVID-19. Current management strategies are largely based
on expert opinion and extrapolated from adult patients with
acquired cardiovascular disease. Overall, ACHD is a heterogeneous
cohort with a broad age range and a wide spectrum of clinical presen-
tations ranging from completely asymptomatic individuals to various
degrees of functional limitation, fatigue, and overt heart failure. Some
patients also present with cyanosis, reduced oxygen saturations,

secondary erythrocytosis, hyperuricaemia, and evidence of other
end-organ dysfunction.

Prudence demands that patients with ACHD avoid exposure and
infection and thus any risk of unwanted complications but also that
unfounded fear is not propagated among patients or providers.10,18

In addition to general recommended measures of disease preven-
tion—including physical distancing, face masks, and meticulous hand
hygiene as well as influenza and pneumococcal vaccination—patients
with ACHD will likely benefit from additional measures of infection
prevention. These measures include avoidance of social or occupation-
al activities involving contact with individuals who might be infected
with SARS-CoV-2. The benefit of such measures must be balanced
against potential adverse psychosocial and economic implications. In
concert with efforts made by employers, many patients should be able
to continue active employment in safe environments. Based upon

Figure 1 Risk stratification of patients according to anatomical and physiological criteria into low-, moderate-, and high-risk groups. ACHD, adult
congenital heart disease; Sars-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2.

COVID-19 in adults with congenital heart disease 3
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..general risk factors as well as ACHD-specific anatomical and physio-
logical considerations, we recommend the risk stratification algorithm
outlined in Figure 1. The algorithm adopts and expands on concept and
recommendations recently proposed by Radke et al.20 We contend
that anatomy is insufficient to inform risk stratification and should be
supplemented by physiological aspects and patient status.4,5

Whereas patients with ACHD with complex underlying anatomy
post-surgical correction and with pristine haemodynamic status
might be regarded low risk, those with simpler anatomical diagnoses
yet who are highly symptomatic or have overt heart failure should be
considered as higher risk for adverse COVID-19 outcomes.

The proposed classification should serve as a starting point for ex-
pert assessment that is individualized to each patient and incorpo-
rates patients’ personal degree of risk, risk aversion, and lifestyle
needs. Particularly vulnerable patients should be offered liberal
SARS-CoV-2 testing and should be followed closely including access
to tertiary centres if feasible. General considerations regarding pro-
fessional duties, education, and medical management are outlined in
Table 1. Specific therapeutic consideration for selected, potentially
particularly vulnerable subgroups of patients with ACHD is pre-
sented in Table 2, while Figure 2 illustrates general management prin-
ciples across the spectrum of congenital heart disease. Additional
aspects of intrahospital triage and intensive care treatment of affected
patients with ACHD have been outlined elsewhere.19,20

Pregnancy and childbirth

Pregnant women are particularly susceptible to respiratory patho-
gens and severe pneumonia. This is especially true for women with
heart disease. It has been reported that viral pneumonia in pregnant

women is associated with an increased risk of preterm birth, foetal
growth restriction and perinatal mortality.21 The largest study thus far
on COVID-19 and pregnancy included 116 pregnant women in
China.22 Eight (6.9%) of the 116 pregnant women had severe COVID-
19 pneumonia and the clinical characteristics of pregnant COVID-19
patients were found to be similar to those of nonpregnant adult
patients presenting with COVID-19 pneumonia. SARS-CoV-2 infec-
tion during pregnancy was not associated with an increased risk of
spontaneous abortion or spontaneous preterm birth, although many
were delivered preterm on maternal indication. There were also no
cases of foetal deaths and only 1 (1%) neonatal death. Furthermore,
there was no evidence of vertical transmission of SARS-CoV-2 infec-
tion from mother to baby and breast milk samples from 12 mothers
with COVID-19 tested negative for SARS-CoV. A US-based study of
64 pregnant women hospitalized with COVID-19 reported that 44
(69%) had severe and 20 (31%) critical disease.23 There were no ma-
ternal deaths and no cardiomyopathies. Furthermore, no stillbirths,
neonatal deaths, or cases of vertical transmission were reported.
Despite these largely reassuring results, we advocate that when preg-
nant women present with any recent onset of cough and anosmia, a
high level of suspicion for screening care is warranted. In addition,
when COVID-19 is diagnosed in pregnant women, meticulous care
should be provided by a multidisciplinary team including obstetricians,
intensivists, obstetric anaesthetists, virologists, microbiologists, neona-
tologists, and infectious-disease specialists.

Psychological considerations

Studies suggest that between one-third and one-half of patients with
ACHD meet diagnostic criteria for mood or anxiety disorders at

....................................................................................................................................................................................................................

Table 1 Recommendations for work/education and general medical management according to patient risk
category

General considerations regarding work/education Therapy in case of SARS-CoV-2 infection:

Low-risk ACHD patients

Usual protection measures recommended

Follow general recommendations (face mask, etc.)

No general limitation for work/school

If clinically stable offer remote home management

Contact with ACHD centre advisable

Early admission in case of clinical deterioration

Moderate-risk ACHD patients

Individualized risk assessment. General recommendations:

- Reduce non-essential contact with public/clients/students/colleagues

- Discuss workplace protective measures (face mask/PPE)

Consider early admission (even if oligosymptomatic)

Discussion with ACHD specialist indispensable

Early hospital admission/preferably at ACHD centre in case of clinical

deterioration

High-risk ACHD patients

Meticulous physical distancing

Avoidance of direct contact to clients or students whenever possible.

Preference for home office work

Consider early admission (even if asymptomatic)

Discussion with ACHD specialist indispensable

Early planning of treatment strategy in case of deterioration or intensive care

therapy requirement

ACHD, adult congenital heart disease; Sars-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2.

4 G.-P. Diller et al.
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some point during their lives, of whom most will not receive mental
health treatment.24–28 The short- and long-term impact of the pan-
demic on the mental health of patients with ACHD is currently un-
known yet warrants great concern. For patients who develop
COVID-19, it is difficult to imagine they would not benefit from close
psychological support, particularly if they develop advanced disease.
Even in the absence of personal COVID-19 diagnoses, we anticipate
that the mental health of many patients will be challenged by stres-
sors including social isolation, fear of contracting COVID-19, appre-
hension when cities re-open, frustration with the actions of others,
concern about seeking cardiology care (both routine and urgent),
adaptation to telemedicine, thoughts of mortality, and implications
for finances, education, and employment. It has been advised that the
provision of psychosocial support ‘should be integrated into general
pandemic care’.29 Assumptions about emotional well-being at the in-
dividual patient level, however, should be avoided. We thus recom-
mend that ACHD providers increase their practice of incorporating
discussion about psychological well-being and coping within out-
patient clinic visits, whether occurring in clinic or by telemedicine.
Providers can normalize and empathize with psychological reactions

to COVID-19 and encourage strategies that previously helped
patients cope with health anxiety.

Longer-term Implications of the
COVID-19 pandemic on ACHD
care

In the acute phase of the pandemic, conversion of outpatient appoint-
ments to teleclinics and deferment of non-urgent/elective operations
to protect patients with ACHD from exposure to COVID-19 was
required. However, this may lead to the postponement of essential
interventions and expose patients to avoidable ACHD complications,
while also increasing the risk of loss to follow-up. Fear of exposure to
SARS-CoV-2 may also impact patients’ willingness to seek emergency
treatment and/or attend non-urgent outpatient clinic visits and diag-
nostic testing procedures. Therefore, it is essential to maintain a close
link to vulnerable patients with ACHD and ensure appropriate as-
sessment and therapy as soon as the pandemic situation allows.

Figure 2 Overview over general management principles recommended for adult congenital heart disease patients. ACHD, adult congenital heart
disease; ITU, intensive treatment unit; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2.
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.
Providers must also prepare for increasing workloads to deal with
deferred operations and interventions. At some centres, the
COVID-19 situation has served as a natural experiment for the im-
plementation and testing of teleconsultations and technology assisted
remote follow-up. This model of care is appealing and will hopefully
remain in the long term as it offers patient education and empower-
ment and technology-based personalized ACHD care, while also
minimizing patients’ travel burden.30–32 Technology and artificial intel-
ligence33 may also expedite tertiary work, such as risk stratification,
online volumetric analyses of imaging data, and multimodal risk-
stratification. Furthermore, lifestyle issues including healthy diet, ex-
ercise, avoidance of smoking, contraception, and family planning may
be embedded in early interactions with patients to avoid long-term
complications, maximize patients’ life potential, and reduce risk when
affected by COVID-19. Telehealth certainly cannot achieve all com-
ponents of ACHD health care. Furthermore, although elective pro-
cedures may be delayed, urgent surgical, catheter-based, or
electrophysiological interventions should not be postponed due to
the COVID-19 pandemic. Given the prolonged nature of the COVID
19 pandemic with recurring restrictions regarding elective proce-
dures, clinicians need to continuously re-evaluate vulnerable patients
with ACHD to prevent long-term complications and avoidable mor-
bidity and mortality. Specifically, individualized assessment is required
as procedures that may have represented elective interventions/
operations during the first wave of the pandemic may since have be-
come urgent and should thus not be postponed further.

Conclusions

Adults with congenital heart disease represent a growing and com-
plex population of patients who requires protection from SARS-
CoV-2 and a proactive, tailored treatment in case of COVID-19 in-
fection. Due to anatomical and pathophysiological heterogeneity,
however, an individualized approach to risk stratification and manage-
ment is required. Indeed, although in part afflicted by complex cardiac
disease, patients are typically younger and therefore should not be
uniformly seen as high risk as many older patients with cardiovascular
disease. The mere presence of ACHD in an individual should not be
a source of ungrounded fear or isolation. The risk stratification algo-
rithm considers expert opinion and also integrates underlying anat-
omy, physiology, current symptomatic or functional status, as well as
patient age and psychosocial profile into clinical decision-making. We
thus discourage collapsing patients with ACHD into the one broad
category with adults with acquired cardiovascular disease. Social iso-
lation, psychological distress, and the avoidance of medical care can
have devastating impacts, whereas comparatively the risk of COVID-
19 infection seems relatively low. The strategy proposed should
serve as a basis for decision-making and allow for individualized
patient-centred recommendations.

Conflict of interest: none declared.
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