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Abstract: With improvements in treatment of congenital heart disease more paediatric patients are
surviving with palliative or corrective interventions during childhood, thus becoming adults with congenital
heart disease (ACHD). Overall, the ACHD population is at a higher risk of arrhythmias and stroke. The
abnormal structure and function of their corrected hearts suggests that in addition to established stroke risk
factors, such as prior stroke or older age, additional stroke risk factors need to be considered to determine
the risk and establish the indication for oral anticoagulation (OAC) in ACHD patients. In structurally normal
hearts non-vitamin-K oral anticoagulants (NOAC:s) offer at least equal stroke prevention with a better
safety profile compared to vitamin K antagonists (VKA) in patients with atrial fibrillation (AF) or pulmonary
embolism. Current guidelines recommend NOACs in ACHD patients with simple lesions and indication for
OAC, while there is less certainty about their safety in ACHD patients with moderate or complex congenital
heart disease such as patients with transposition of the great arteries (T'GA) after atrial switch operation
(Senning or Mustard operation), Fontan circulation or congenital corrected transposition of the great
arteries (c¢T'GA). This review summarises the available evidence characterising stroke risk in patients with

ACHD and the use of anticoagulants and interventional therapies to reduce that risk.
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Background

The number of adults with congenital heart disease (ACHD)
is steadily increasing as a consequence of new treatment
options and advances in medicine (1-3) as the number of
newborns with CHD remains constant (4). ACHD patients
currently account for about two-thirds of the patient
population with CHD (5), Compared to about one-half® at
the beginning of the new millennium. Even severe CHD is
becoming more prevalent in adults, as shown by data from
Quebec (5,6). In this context further morbidity in these
patients in regards of arrhythmias, stroke or pulmonary
embolism increases as well (Figure ).

Arrhythmias, heart failure, pulmonary embolism and
stroke are the most common reasons for unplanned hospital
admission in patients with congenital heart disease. Patients
with ACHD also have a markedly increased risk of stroke
compared to the general population (7-10). ACHD patients
aged of 55 years or younger had a stroke rate 9 to 12 times
higher than in the general population, and 1 in 11 male
and 1 in 15 female of the ACHD patients with ages from
18 to 64 years had a reported stroke (11,12). According to
previous studies, the ischemic stroke rate is 28.4 per 100,000
person years with ACHD in comparison to a control
population with a stroke rate of 2.6 per 100,000 person
years (8). The same is true for reported haemorrhagic stroke
with 1.18 per 10,000 person years in ACHD patients (7).
Most commonly treatment is complicated by comorbidities
like heart failure, arrhythmias, arterial hypertension or
impaired organ function of liver or kidneys (13). Although
prevention of stroke and pulmonary embolism has
traditionally relied on vitamin K antagonists (VKA) such as
warfarin, recent guidelines suggest the use of non-vitamin
K oral anticoagulants (NOAC) in patients with ACHD
presenting with atrial fibrillation (AF), stroke or pulmonary
embolism (1,14). This is equally true for the highly
prevalent arrhythmias described in the ACHD cohort with
atrial flutter (AFl) and intraatrial tachycardias resulting
from previous surgical procedures (1,14). In addition,
patients with certain complex congenital heart disease are at
high risk of embolic complications even without diagnosed
arrhythmias. This includes patients with a univentricular
heart in Fontan circulation, atrial switch operation for
transposition of the great arteries, or ACHD with advanced
heart failure and associated complications (15,16).

The CHA,DS,-VASc score, or an abbreviated version
without sex as an additional factor are recommended for
initial stroke risk estimation in patients with AF (1,14).
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Ease of use and wide-spread knowledge of the score
underscore its usefulness, although the predictive ability
is modest. More recently, biomarkers have been proposed
(e.g., troponin, BNP, GDF-15, and others) to refine
stroke risk prediction (17,18). Thus, there is still a gap
of studies addressing this issue in ACHD patients, who
are much younger than patients with AF and are likely to
have a higher stroke risk. Unfortunately, risk of stroke and
embolism can only be roughly estimated based on results
of single-centre studies or data with expert consensus level
from current guidelines for planning treatment. We present
the following article in accordance with the Narrative
Review reporting checklist (available at http://dx.doi.
org/10.21037/cdt-20-631).

Objectives

The objective of this review to summarize the different
indications for oral anticoagulation (OAC) in adult patients
with congenital heart disease. In addition the most recent
study results were included and how these may contribute
to a better algorithm in patient selection for a certain
underlying congenital heart defect. Further a focus of the
review is to give examples of special situations were OAC
might be indicated for example implantation of a prosthetic
heart valve or anticoagulation has to be carefully planned
like during pregnancy.

Methods
Literature search

A literature search was performed in PubMed covering
publications up to April 2020. The following combinations of
keywords were used: anticoagulation and CHD, morbidity
and mortality in ACHD, guidelines anticoagulation and
ACHD, guidelines diagnostic and treatment of patients
with congenital heart disease. These search terms had to be
identified anywhere in the text in the articles. The authors
as well did choose literature depicting the current guidelines
or multicenter trials, however most of the literature are
of observational studies and guidelines for patients with
ACHD have the evidence level of expert opinion.

Both qualitative and quantitative studies were considered
to elucidate the use of the different aspects regarding
congenital heart disease, anticoagulation and combination
of both. The search was restricted to original research,
humans, and papers published in English at any date. All
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Simple complexity

a. Isolated congenital mitral
valve disease

b. Isolated congenital aortic
valve disease

c. Atrial septal defect

d. Ventricular septal defect

e. Patent ductus arteriosus

f. Coarctation of the aorta
(simple lesion)

Sinning et al. Cardiac catheterization by real-time CMR

Moderate complexity
a. Anomalous pulmonary vein
return (partial or total)

b. Atrioventricular septal defect

(partial or complete)
c. Coarctation of the aorta
(complex lesion)
d. Ebstein anomaly
e. Moderate to severe
pulmonary valve
stenosis/regurgitation
f. Sinus venosus defect
g. Subaortic stenosis
h. Stradling mitral or tricuspid
valve

Complex lesions
a. All cyanotic heart diseases
(including Tetralogy of
Fallot)
b. Fontan procedure
c. Mitral atresia
d. Tricuspid atresia
e. Pulmonary atresia
f. Single ventricle physiology
g. Transposition of the great
arteries
h. Heterotaxy syndromes

ng morbidity and mortality of the congenital heart defect

Figure 1 Grading the complexity of congenital lesions with the prevalence and morbidity/mortality of ACHD patients. ACHD, adults with

congenital heart disease.

abstracts were reviewed to assess whether the article met
the inclusion criteria. The key inclusion criterion was the
presence of any cardiovascular disease in combination with
pregnancy. Most of the suggestions depend on the summary
statement of the American Heart Association (1) and the
guidelines of the European Society of Cardiology (2,14).
After this selection process, a manual search of the reference
lists of all eligible articles was performed. Two authors (i.e.,
EZ and CS) assessed independently the methodological
quality of the qualitative and quantitative studies prior to
their inclusion in the review.

Stroke risk assessment using the CH,2D;2-VASc
score in ACHD patients

It is important to address the issue of thromboembolic
cerebrovascular disease as it is a major cause of morbidity in
ACHD patients (7,8,19). Indeed the standardized incidence
rates for ischemic stroke show a 9- to 12-fold increased
risk for ACHD patients below 55 years of age with heart
failure, diabetes and previous myocardial infarction as the
strongest risk factors (14). Some anatomic defects have
been identified which particularly increase the risk of
ischemic stroke with uncorrected cyanotic heart disease,
such as Eisenmenger physiology, native atrial septal defects
and Fontan circulation (14), In approximately 25% of the
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ACHD patients the occurrence of stroke was associated with
the loss of the sinus rhythm (14,20). As a result, patients
with Fontan circulation, Eisenmenger or residual right-to-
left shunt should in general receive OAC therapy (14,20). An
important point to consider in patients with central cyanosis
is the fact that these patients on the one hand have a higher
risk of stroke, however on the other hand they have a higher
risk of as well bleeding as the coagulation system is defective
in these patients as well (14,21). As a result it is suggested
that cyanotic patients should receive OAC therapy if they
have an arrhythmia with most commonly AF (14,21). In two
recent single- and multicenter studies (with a majority of
patients with moderate or complex severity), treatment with
a NOAC was not associated with an increased risk as long as
the patients did not have an impaired renal function (22,23).
In lower risk patients, therapy schemes as recommended
for other types of acquired or structural heart disease and
the use of the CHA,DS,-VASc score as recommended by
guidelines seems to be also appropriate in ACHD (1,24).
The described cohort of patients with a low risk and AF
with a CHA,DS,-VASc score of 0 in men and 1 in women
are currently not recommended for OAC therapy (14,24).
In general it is suggested that patients with moderate and
complex ACHD—specifically patients with intracardiac
repair, Fontan circulation, cyanosis and systemic right
ventricle—and intra-atrial reentrant tachycardia (JART),
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Table 1 Anticoagulation in ACHD patients with underlying arrhythmias based on the recommendations of the guidelines (1,25)

Underlying disease in ACHD

patients Arrhythmia Anticoagulation Target INR
CHA,DS,-VASc score =0 and Atrial fibrillation/atrial flutter/intra- VKA 2.0-3.0
cyanosis atrial reentrant tachycardia

CHA,DS,-VASc score =0 and Atrial fibrillation/atrial flutter/intra- VKA 2.0-3.0
intracardiac repair atrial reentrant tachycardia

CHA,DS,-VASc score =0 and Atrial fibrillation/atrial flutter/intra- VKA 2.0-3.0
Fontan surgery atrial reentrant tachycardia

CHA,DS,-VASc score =0 and Atrial fibrillation/atrial flutter/intra- VKA 2.0-3.0

systemic right ventricle atrial reentrant tachycardia

CHA,DS,-VASc score =0
atrial reentrant tachycardia

CHA,DS,-VASc score =1 in men

and =2 in women atrial reentrant tachycardia

Atrial fibrillation/atrial flutter/intra-

Atrial fibrillation/atrial flutter/intra-

No anticoagulation -

VKA or NOAC 2.0-3.0 or no additional

monitoring in case of NOAC

ACHD, adults with congenital heart disease; VKA, vitamin K antagonists; NOAC, non-vitamin K oral anticoagulants.

AF or AFI should be anticoagulated even when the
CHA,DS,-VASc score is 0 in men and 1 in women (1,21).
The recommendations regarding anticoagulation in ACHD
patients, special types of diseases and respective CHA,DS,-
VASc score are shown in Table 1.

The CHA,DS,-VASc score was defined to assess the
risk of stroke in patients with non-valvular AF (20) and
OAC therapy is normally recommended when the score
is >1 in men and >2 in women as recommended by the
current guidelines (14,24). The score includes several risk
factors with congestive heart failure/LV dysfunction (C),
hypertension (H), age >75 years (A), diabetes mellitus (D),
previous stroke (S), vascular disease (V), age 65-74 years (A)
and female sex category (Sc). Each risk factor gives a score
of 1, except age >75 years and previous stroke, which are
associated with a score of 2. Furthermore, female sex alone
does not give a score of 1, unless the patient is 65 years or
above (14,20,24). According to a recent position paper and a
multicentre study NOAC therapy in ACHD should also be
assessed according to the CHA,DS,-VASc score (14,26).

Risk scores predicting thromboembolic complications
in patients with AF or AFI do not consider the presence,
type, or severity of the congenital heart disease. Thus, in
the absence of large-scale prospective studies, the guidelines
recommend a similar approach to anticoagulation/
transoesophageal echocardiography prior to cardioversion
or other diagnostic or therapeutic procedures. However,
it should be considered that adults with moderate or
complex forms of ACHD may be predisposed to thrombus
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formation even in the absence of atrial tachyarrhythmias
and thus selected patients might benefit of an OAC therapy
to prevent cerebrovascular events (1,14).

The use of novel oral anticoagulants (NOAC) in
ACHD patients

Most commonly vitamin-K antagonists (VKA) are used
in ACHD patients because of the lack of experience with
NOACs in ACHD patients. This is due to the fact that
VKA were traditionally used and there is still limited
experience with NOACs. Therefore, the current guidelines
most commonly endorse the use of VKA in ACHD
patients (1,14). However, the current status regarding
the use of NOACs has to be reassessed in light of new
study results and publications specifically addressing
this issue in ACHD patients (1,14,16,21-23,27-34). The
current recommendations as covered by the guidelines
summarized in Figure 2. The general results in the non-
ACHD population indicate that NOACs had a favourable
risk-benefit profile, with significant reductions in stroke,
intracranial haemorrhage, and mortality, and with similar
major bleeding as for VKA, but increased gastrointestinal
bleeding risk (35). The major advantage of NOAC:s is that
regular monitoring of anticoagulation level is not required
since NOACs have a more predictable anticoagulant effect
and have been demonstrated to be at least as efficient and
safe as VKA (36,37). The major disadvantages often referred
to when the use of NOAC: is discussed in ACHD patients
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ACHD patient with indication for anticoagulation

Any of: Mechanical valve, <3 months after cardiac surgery with
bioprosthesis, AV valve stenosis with enlarged atria
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Figure 2 Practical considerations regarding anticoagulation in ACHD patients. The decision algorithm is suggesting a treatment choice

shown on the right of the figure depending on the “yes” or “no” box in conjunction with the underlying pathology in the blue boxes. The

black arrows indicate if a statement is not true, if a statement is true the white arrows shows the suggested treatment choice. The blue arrows

between the statements indicate the next statement which should be checked if it is true for the patient. ACHD, adults with congenital heart

disease.

are unknown pharmacokinetic/pharmacodynamic effects.
However, the effect of impaired renal or liver function as
well as interactions with often prescribed medications have
been published and should not—in isolation—be regarded
as a contraindication in ACHD patients (36). Although
the overall number of ACHD patients is increasing (5,38),
randomized studies are still difficult to conduct in ACHD
patients, mainly due to the smaller number of cases, the
heterogeneity, even within the same CHD group, the low
event rate and concomitant co-morbidities with possible
effects on coagulation. Some observational studies have
reported on the use of NOACs in ACHD. These include a
larger single-centre study (23,27) and the worldwide NOTE
registry (22). In both studies (22,23) the majority of ACHD
patients was of moderate or severe complexity. Therefore,
these reports address the knowledge gap regarding these
patient cohorts including patients with Fontan circulation
or arrhythmias in need of anticoagulation (1). The data of
both studies suggest that in cohorts with predominantly
moderate and complex forms of congenital heart disease,
potentially including Fontan circulation, NOACs might be
used safely. The use of NOACs in Fontan was assessed only

© Cardiovascular Diagnosis and Therapy. All rights reserved.

in one additional study (16) of 21 Fontan patients as well
reporting low numbers of bleeding events or thrombosis.
However, there are some reports in the literature on clotting
in Fontan Patients on NOACS (29,39,40). Moreover,
randomized trials, long-term outcome studies and research
into often associated pre-existing abnormalities in clotting
and fibrinolysis (41,42) which make the use of NOAC more
challenging are largely missing in such patients. Even in the
largest study of patients with Fontan surgery, the NOTE
registry (22), only 74 Fontan patients were included. Also to
keep in mind, we have an overall young Fontan population
in which we have to consider the role of contraception
and pregnancy and anticoagulation management during
those times. Therefore, we can not necessarily extrapolate
data from the adults with structurally normal hearts to the
Fontan population. At that time it would be too early to
endorse the use of NOAC:s in the Fontan population.

The overall message of both above mentioned
observational (non-controlled) studies (19,20) are that
NOACs were safe and effective in the short term for the
indication to minimize thrombotic events in patients with
predominantly moderate and complex forms of congenital
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heart disease in adults, including those with various forms
of valve disease and as well bioprosthetic valves (22,23).

The predominant indication in ACHD patients remains
arrhythmias with AF presenting the most common problem.
The prevalence of AF is rapidly increasing in the aging
population with ACHD, and is associated with considerable
morbidity. In ACHD patients AF is already the leading
presenting arrhythmia over the age of 50 (14,29,43). While
NOAC:S can be prescribed in patients with simple defects (1)
their use may also be considered in moderate or complex
ACHD patients (22,23).

Special considerations regarding anticoagulation
in ACHD patients

Prosthetic valves

Congenital heart disease patients might require valve
replacement, especially in patients with congenital aortic
stenosis, Tetralogy of Fallot, atrioventricular septal defect,
mitral valve disease or Ebstein’s disease (2,21). Before valve
replacement, the type of heart valve which determines the
anticoagulation regime has to be discussed thoroughly with
the patient. In the case of a mechanical heart valve regardless
of its location, a lifelong anticoagulation due to abnormal
flow conditions is required and the anticoagulation has to
be done with VKAs (44). In general, the target INR has
to be adapted to the anatomic position of the valve with
regularly higher INR levels of the mechanical valve in
the atrioventricular position than for the semilunar valves
(21,45,46). In addition, there is a difference regarding the
recommendation of adding Aspirin between the guidelines. In
case of a mechanical heart valve the American guidelines (46),
in contrast to the European guidelines (45), recommend
adding Aspirin. Thus, despite the long durability of
mechanical heart valves these are prone to cardiovascular
events and need lifelong anticoagulation with VKA.

In contrast to mechanical heart valves, bioprosthetic
heart valves do not require lifelong anticoagulation (45,46).
However, there is often the need for repeat replacement
of the bioprosthetic valve due to degeneration and thus an
additional surgical procedure. Recent results could show
that NOACs could as well be safely used in patients with
bioprosthetic heart valves and ACHD (22) at least in the
short term follow up.

Pregnancy

NOAGC:s have a contraindication during pregnancy and are
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not allowed to be used (36,47,48). Patients with mechanical
heart valves have to receive anticoagulation treatment
throughout the pregnancy.

Mechanical heart valves require anticoagulation and
thus pose a risk for the mother as well as the fetus. For the
mother the most dangerous situation is thromboembolism
and/or thrombotic complications of the mechanical
valve resulting in stroke needing emergency cardiac
surgery or lysis therapy (47,48). The risk is especially
increased in patients with older types of heart valves and
in particular if there is more than one mechanical heart
valve. Complications are elevated when the function of
the mechanical valve is impaired before pregnancy and
if heparin is used for anticoagulation during the entire
pregnancy. From the different anticoagulation schemes
proposed, warfarin/phenprocoumon is the safest option
for the mother. Many centers try to avoid VKAs the first
6-12 weeks of pregnancy during organogenesis of the
fetus. However, VKA associated embryopathy appears to
be dose dependent. Below a dose of <5 mg for Warfarin
and <3 mg for phenprocoumon, the risk for embryopathies
or fetal complications seems to be low (49,50). During
the first trimenon low-molecular weight heparin with
strict anti-Xa monitoring (target level: 0.8-1.2 U/mL) is
commonly recommended. Switch to intravenous heparin
is recommended with a mechanical heart valve one week
before delivery in hospital setting. In ACHD with essential
anticoagulation elective Caesarean section is recommended
in order to avoid complications (47,48). The indications and
recommended anticoagulation for patients with prosthetic
heart valves and in pregnant patients are shown in Table 2.

Future implications and limitations of the review

The shown evidence is most commonly based on the
respective and actual treatment guidelines, however,
currently most of the evidence presented is not from
controlled randomized studies but based on larger registries
and observational studies. Thus the quality of data is
still one of the major limitations in adult patients with
congenital heart disease. Planning of randomized trials in a
multicenter approach is an essential step to improve quality
of care for ACHD patients.

Summary

Anticoagulation in ACHD is a serious issue with increasing
importance as the number and complexity of ACHD

Cardiovasc Diagn Ther 2021;11(6):1324-1333 | http://dx.doi.org/10.21037/cdt-20-631



1330

Sinning et al. Cardiac catheterization by real-time CMR

Table 2 Anticoagulation in patients with prosthetic heart valves or pregnancy

Underlying disease in
ACHD patients

Arrhythmia

Anticoagulation

Target INR

Prosthetic heart valves

ACHD patient and
mechanical heart valve

ACHD patient and
bioprosthetic heart
valve

Pregnancy

ACHD patient and
mechanical heart valve

ACHD patient and
bioprosthetic heart
valve

ACHD patient with
pregnancy and
arrhythmia

No influence on
anticoagulation scheme

Arrhythmia influences
anticoagulation scheme

No influence on
anticoagulation scheme

Arrhythmia influences
anticoagulation scheme

Arrhythmia influences
anticoagulation scheme

VKA (+ aspirin in American guidelines)

VKA or NOAC in case of AF/AFI/IART
Otherwise

VKA or NOAC or only Aspirin for 3 months

VKA (+ Aspirin in American guidelines). For 1
Trimenon LMWH with Anti Xa 0.8-1.2; for 2 and
3 Trimenon VKA (CAVE: VKA below 5 mg per
day), switch to heparin 1 week before delivery

VKA in case of AF/AFI/IART (NOAC is
contraindicated). For 1 Trimenon LMWH with
Anti Xa 0.8-1.2; for 2 and 3 Trimenon VKA
(CAVE: VKA below 5 mg per day), switch to
heparin 1 week before delivery

VKA in case of AF/AFI/IART (NOAC is
contraindicated). For 1 Trimenon LMWH with
Anti Xa 0.8-1.2; for 2 and 3 Trimenon VKA

Usually 2.0-3.0 for semilunar
valves and 2.5-3.5 for
atrioventricular valves

2.0-3.0

Usually 2.0-3.0 for semilunar
valves and 2.5-3.5 for
atrioventricular valves

2.0-3.0

2.0-3.0

(CAVE: VKA below 5 mg per day), switch to
heparin 1 week before delivery

ACHD, adults with congenital heart disease; VKA, vitamin K antagonists; NOAC, non-vitamin K oral anticoagulants; AF, atrial fibrillation;

AFl, atrial flutter; IART, intra-atrial reentrant tachycardia.

patients is increasing and many will develop arrhythmias
requiring anticoagulation treatment. Traditionally
anticoagulation relied on VKA as no alternative was
available. Even today prospective randomized controlled
trials on the use of NOACs remain to be done in ACHD.
Recently, however, international study collaborations even
suggested the safety of the NOAC:s in patients with ACHD
in the short term. Considering these observational, non-
controlled results, NOACs might be considered in selected
indications for ACHD patients. While NOACs might be
an option for selected patients, treatment decisions have to
be based on the individual case taking into account specific
ACHD factors as well the individual risk of stroke and
bleeding in particular in cyanotic patients and in those with
single ventricles in Fontan circulation. There is certainly a
scope for further data and specifically prospective research
in this growing, vulnerable patient population.
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