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Non‑vitamin K antagonist oral 
anticoagulants in adults with congenital heart 
disease
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Abstract 

Despite an improved survival rate, cardiovascular accidents including thromboembolic events are a common cause of 
death in adults with congenital heart disease (CHD). Therefore, many adult patients with CHD require long-term oral 
anticoagulants depending on disease complexity, atrial tachyarrhythmia, residual intracardiac shunt, ventricular dys‑
function, and the presence of a prosthetic valve. Although prevention of stroke and pulmonary embolism has tradi‑
tionally been managed with vitamin K antagonists (VKA), recent guidelines suggest the use of non-vitamin K antago‑
nist oral anticoagulants (NOACs) in patients with adult CHD presenting with atrial fibrillation (AF), stroke, or pulmonary 
embolism. NOACs are an efficient alternative to VKA with reduced bleeding propensity, relatively low dietary and drug 
interactions, and the potential to eliminate the need for international normalized ratio monitoring in patients with 
nonvalvular AF. Recently, several multicenter studies reported the indication for thromboprophylaxis and the potential 
role of NOACs in adult CHD patients. In this review, we aim to assess the efficacy and safety of NOACs in adult CHD 
patients and to pursue adequate anticoagulation strategies in this special population.
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Introduction
With improvements in surgical techniques and perioper-
ative care, mortality rates of adult patients with congeni-
tal heart disease (CHD) have been constantly declining. 
Despite  an improved survival, adult patients with CHD 
are at a higher risk for thromboembolic complications, 
such as stroke, than the general population [1–3].

The cause of thromboembolic events is multifactorial 
and associated with the complexity of CHD, high inci-
dence rates of atrial tachyarrhythmias, residual intra-
cardiac shunt, valvular steno-insufficiency, ventricular 
dysfunction, and the presence of prosthetic valves and 
materials [3–6]. The estimated risk of atrial fibrillation 

(AF) in CHD is 22 times higher than that in the general 
population, and patients with conotruncal defects are at 
the highest risk [7]. Although prevention of stroke and 
pulmonary embolism has traditionally been managed 
with vitamin K antagonists (VKA), such as warfarin, 
recent guidelines suggest the use of non-vitamin K antag-
onist oral anticoagulants (NOACs) in patients with adult 
CHD presenting with AF, stroke, or pulmonary embo-
lism [8, 9]. NOACs are an efficient alternative to VKA 
with reduced bleeding propensity, relatively low dietary 
and drug interactions and the potential to eliminate the 
need for international normalized ratio (INR) monitor-
ing in patients with nonvalvular AF. Recently, several 
multicenter studies reported the indication for throm-
boprophylaxis and the potential role of NOACs in adult 
patients with CHD [10–14]. The aim of this review was 
to assess the efficacy and safety of NOAC in adult CHD 
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and to pursue adequate anticoagulation strategies in this 
special population.

Action mechanism of NOAC
The coagulation cascade of NOAC is initiated from tis-
sue factor/factor VIIa and propagated with factor IX, X, 
II and finally completed with fibrin formation. NOAC 
binds directly to the key proteins of the clotting cascade, 
leading to the inhibition of fibrin formation. Rivaroxaban, 
apixaban, and edoxaban prevent the conversion of pro-
thrombin to thrombin (factor IIa) by inhibiting coagu-
lation factor Xa. Dabigatran prevents the conversion of 
fibrinogen to fibrin by inhibiting factor IIa (thrombin) 
[15].

Indications for anticoagulation in adult CHD
Specific indications for anticoagulation in adult CHD are 
summarized in Table 1.

The common atrial arrhythmia in adult patients with 
CHD is intra-atrial reentrant tachycardia (IART) or AF. 
Among adults with CHD, those with atrial tachyarrhyth-
mias have a twofold higher risk of stroke [3]. Previously, 
there was limited evidence for the use of anticoagulation 
in adult CHD. The Pediatric and Congenital Electrophys-
iology Society and Heart Rhythm Society (PACES/HRS) 
Expert Consensus Statement on the Recognition and 
Management of Arrhythmias in Adults with Congenital 
Heart Disease recommended long-term anticoagulation 
in patients with recurrent or sustained IART, or AF in the 
presence of moderate or complex CHD [8].

Anticoagulation has consistently been recommended 
for Fontan patients with atrial arrhythmias, fenestration, 
atrial thrombus, or a previous thromboembolic event 
[16]. Many patients who had an atriopulmonary Fontan 
operation with atrial flow stasis have an increased throm-
botic risk that might support long-term anticoagulation 
(class IIb, level of evidence C) [17].

Patients with Eisenmenger physiology need a complex 
clinical decision regarding the choice of anticoagulants. 

The mechanism of increased thromboembolic risk is 
not clear, but it might be related to ventricular dysfunc-
tion and decreased pulmonary blood flow [18]. Although 
this population has a significantly increased risk of pul-
monary hypertension and pulmonary artery thrombosis, 
patients also have a potential risk of pulmonary hemor-
rhage and hemoptysis.

Intracardiac shunt closure is generally recommended 
before intracardiac lead or other material implantation. 
However, if the shunt is not closed, oral anticoagula-
tion therapy should be considered with respect to the 
increased thromboembolic risk. Although a NOACs are 
not considered and contraindicated in this setting, VKAs 
are mostly applied in the current experience [19].

Adult CHD patients might have prostatic valve replace-
ment. In the presence of a mechanical heart valve, car-
diovascular thromboembolic events can develop because 
of abnormal intracardiac blood flow conditions. There-
fore, lifelong anticoagulation with VKAs is required in 
this setting.

Pregnancy is a relatively hypercoagulable state, increas-
ing the risk of thromboembolic complications in the 
adults with CHD. In patients with mechanical valve, a 
low molecular weight heparin (LMWH) with strict fac-
tor Xa monitoring during the first trimester is usually 
recommended. LMWH is generally considered to be safe 
in pregnancy. Before delivery, switching to intravenous 
unfractionated heparin is recommended with a mechani-
cal heart valve in a hospital setting.

Risk stratification for thromboembolic prophylaxis
Regarding anticoagulation for thromboembolic prophy-
laxis in the general population, Congestive Heart Fail-
ure, Hypertension, Age (≥ 75  years), Diabetes, Stroke/
Transient Ischemic Attack, Vascular Disease, Age (65–
74  years), and Sex (Female) (CHA2DS2-VASc) scoring 
system help guide clinical risk stratification. And Hyper-
tension, Abnormal Renal/Liver Function, Stroke, Bleed-
ing History or Predisposition, Labile INR, Elderly (> 65 
Years), and Drugs/Alcohol Concomitantly (HAS-BLED) 
scores were used for predicting major bleeding events. 
However, there has been no specific validation of the 
CHA2DS2-VASc scores and HAS-BLED scores in the 
adult CHD population. The first data of NOACs in adult 
CHD demonstrated that sixty-nine percent of patients 
had CHA2DS2-VASc scores of 0 or 1, and no patients 
suffered from thromboembolic events or major bleeding 
during the follow-up period [10]. Thus, NOACs might be 
a safe alternative to VKA in low risk adult CHD.

According to several recent multicenter studies, NOAC 
therapy in adult patients with CHD was also assessed 
according to the CHA2DS2-VASc score regardless of AF 
or atrial flutter [12–14]. Adult patients with CHD have 

Table 1  Indication for anticoagulation in adult congenital heart 
disease

Atrial tachyarrhythmia

Fontan physiology

Eisenmenger syndrome

Intracardiac right to left shunt

History of thromboembolic event

Prostatic heart valve, especially mechanical valve

Pregnancy

Moderate/ complex congenital heart disease

CHA2-DS2-VASc score ≥ 2
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many heterogeneous conditions that can lead to stroke in 
addition to AF, so the CHA2DS2-VASc score was used to 
evaluate the indications for oral anticoagulant therapy. To 
date, there are no clear guidelines. However, it should be 
considered that adult patients with moderate or complex 
forms of CHD may be predisposed to thromboembolic 
conditions even in the absence of atrial tachyarrhyth-
mias; thus, selected patients might benefit from NOAC 
therapy to prevent stroke events [8, 9].

Evidence of NOAC related to adult CHD
Pujol et al. [10] initially reported the use of NOACs in 75 
patients with adult CHD. The most common CHD was 
mild CHD, such as pre-tricuspid shunts (n = 31, 41%), 
and 16 patients (21%) had complex CHD including 3 
Fontan patients. The CHA2DS2-VASc score was ≥ 2 in 23 
(31%) patients, and 9 (12%) had a HAS-BLED score ≥ 2. 
The administered NOACs were rivaroxaban in 55 
patients, apixaban in 13 and dabigatran in 7 patients. The 
indications for NOACs were thromboembolic prophy-
laxis in atrial arrhythmias (n = 57), stroke/transient 
ischemic attacks (n = 11), deep vein thrombosis (n = 4), 
pulmonary embolism (n = 1), and atrial thrombi (n = 3). 
They reported neither thrombotic or major bleeding 
events nor major side effects in this first NOAC study. 

Prospective databases, such as the non-vitamin K 
antagonist oral anticoagulants for thromboembolic pre-
vention (NOTE) registry (prospective international reg-
istry of efficacy and safety of non-vitamin K antagonist 
oral anticoagulants for thromboembolic prevention in 
patients with CHD) have been established since 2014 to 
pursue understanding of NOACs in the adult patients 
with CHD. Based on the NOTE registry, Yang et  al. 
[11] reported the prospective data of NOACs for atrial 
arrhythmias. Among a total of 99 patients, 54 patients 
transitioned from VKA to NOACs. The moderate and 
severe forms of CHD were 55% and 29%, respectively. 
The most commonly prescribed NOAC was apixaban 
(62%). Regarding safety during the first 30-day follow-
up after the initiation of NOACs, 8 minor adverse events 
(5 minor bleeding events, 3 side-effects, and 1 drop-out 
due to minor bleeding) occurred within 30  days after 
the transition. There was no thromboembolic event nor 
major bleeding in both groups during the first 30  days. 
Recently, several multicenter studies of NOACs in adult 
patients with CHD have been published. Table  2 shows 
the characteristics of the included studies of NOACs vs. 
VKA in adult CHD.

Pujol et  al. [12] retrospectively reported the use of 
NOACs in 215 adult CHD patients. The mean age 
was 48.4 ± 15.4  years and the mean follow up was 
15.8 ± 15.8  months. In this study, 44% of the patients 
had complex CHD, including 12 patients (5.6%) who 

underwent a Fontan operation. Among the total patients, 
49.3% had a CHA2DS2 –VASc score ≥ 2, and 87.5% had a 
HAS–BLED score ≤ 2. The most commonly used NOAC 
was rivaroxaban (54.2%), followed by apixaban (32.2%), 
dabigatran (9.3%), and edoxaban (3.7%). In 67% of the 
patients (n = 143), the primary indication for anticoagu-
lation was atrial arrhythmias (AF 45%, atrial flutter 21%), 
43% received a NOAC for secondary thromboprophylaxis 
and 5.6% for primary thromboprophylaxis in Fontan cir-
culation. During follow-up, major events were reported 
in 11 patients (9 major bleeding events, 2 thromboem-
bolic events). The annual risks for major bleeding and 
thromboembolic events were 3.1% and 0.7%/patient/year, 
respectively. In the multivariate analysis, renal disease 
was an independent predictor for major bleeding (HR 
6.13, 95% CI 1.04–36.27, p < 0.05).

Yang et  al. [13] reported the first international multi-
center prospective cohort study based on the NOTE 
registry assessing the safety and efficacy of NOACs 
(rivaroxaban 43%; apixaban 39%; dabigatran 12%; edoxa-
ban 7%) in adult CHD patients. In a total of 530 patients, 
the mean age was 47 ± 15 years, and moderate (45%) or 
complex defects (40%) were predominant. Seventy-four 
(14%) patients had a Fontan circulation. A CHA2DS2 
-VASc sore ≥ 2 was present in 46% and an HAS-BLED 
score ≤ 2 in 95%. Indications for NOACs included atrial 
arrhythmias (91%, n = 481; AF 58%, atrial flutter 40% and 
atrial tachycardia 2%), primary (3%, n = 17), and second-
ary thromboprophylaxis (6%, n = 32). Among a total of 
530 patients, 150 patients (28%) were previously on VKA 
therapy. Over a median follow-up of 1.0 [IQR 0.0–2.0] 
year, the thromboembolic event rate was 1.0% [95% CI 
0.4–2.0] (n = 6) per year, with a 1.1% [95% CI 0.5–2.2] 
(n = 7) annualized rate of major bleeding. All throm-
boembolic events occurred in patients with moderate 
or severe forms of CHD, and 50% (n = 3) were in Fon-
tan patients. Among patients with major bleeding, 43% 
(n = 3) occurred in Fontan circulation.

While treated with VKA (n = 150), 12 patients experi-
enced thromboembolic events, accounting for 1.2% per 
year [95% CI 0.6–2.1], and 9 had major bleeding events, 
accounting for 1.1% per year [95% CI 0.5–1.9]) during a 
mean follow-up of 3.8 [IQR 1.1–8.6] years.

Freisinger et  al. [14] retrospectively evaluated clini-
cal outcomes in unselected adult patients with CHD on 
anticoagulation treatment and the long-term safety and 
effectiveness of NOACs compared with VKA in Ger-
many. Among a total of 6504 adult patients with CHD 
with a first anticoagulation prescription between 2010 
and 2016, 4,851 were initially prescribed VKA, and 1,653 
initially received NOACs. The median age of NOACs was 
70  years (range, 57–78  years). In the NOAC prescrip-
tion group, rivaroxaban (59.9%) was most commonly 
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used, followed by apixaban (23.2%), dabigatran (14.2%), 
and edoxaban (2.7%). The severity of CHD was 68% sim-
ple lesions, 24% moderate complexity, and 8% complex 
lesions. The median CHA2DS2-VASc score was 4 (range 
2–5) in both groups.

In this nationwide analysis, the result was disappoint-
ing compared to two previous multicenter studies. 
NOACs had higher thromboembolic (3.8% vs. 2.8%), 
major adverse cardiovascular (7.8% vs. 6.0%), bleeding 
(11.7% vs. 9.0%), and all-cause mortality (4.0% vs. 2.8%; 
all P < 0.05) rates after 1 year of therapy than VKA. This 
might be due to the relatively older age group and higher 
CHA2DS2-VASc score compared to other studies. Adult 
patients with CHD taking oral anticoagulant therapy are 
relatively younger than the general population. Therefore, 
there were insufficient safety and efficacy data in a young 
cohort with a lower CHA2DS2-VASc score.

As several studies have shown, the predominant indi-
cation for NOACs in adult patients with CHD remains 
atrial arrhythmias. IART and AF are the most common 
presenting tachyarrhythmias. In adult CHD patients, AF 
is associated with considerable morbidity over the age of 
50 [9, 20–22]. NOACs can be prescribed in patients with 
simple defects. In addition, their use may also be consid-
ered in moderate or complex CHD patients [12–14].

NOAC in Fontan physiology
Georgekutty et  al. [23] reported the first retrospec-
tive data of NOACs in Fontan patients in a single center 
study. In a total of 21 patients, 76% had a total cavopul-
monary connection. The Fontan patients were prescribed 
a NOAC either for primary or secondary thrombo-
prophylaxis (apixaban 63%, dabigatran 18.5%, rivar-
oxaban 18.5%). The indications for NOAC were atrial 
arrhythmias (57%, n = 12), previous thrombotic events 
(33%, n = 8), and intracardiac right to left shunts (9.7%, 
n = 2). CHA2DS2-VASc score ≥ 2 was present in 43% of 
patients, while all patients had a HAS-BLED score ≤ 2. 
All patients were treated with warfarin before NOAC 
initiation. The main reasons for the change to NOACs 
were either patient/provider preference (n = 11), labile 
INR (n = 5), initiation of therapy elsewhere (n = 3), and 
history of poor clinical follow-up (n = 2). During a cumu-
lative 316 months of therapy, one new thrombotic event 
occurred in a failing Fontan patient. No major bleed-
ing events occurred, but 10 patients experienced minor 
bleeding. One patient died from multiorgan failure out of 
hospital.

Yang et al. [24] reported the prospective NOAC data in 
Fontan patients using the NOTE registry. In this study, 
74 patients with a Fontan circulation using NOACs 
(anabaptist, n = 27; dabigatran, n = 7; edoxaban, n = 4; 
rivaroxaban, n = 36) were included. The mean age was 

32 ± 10  years. The CHA2DS2-VASc score was ≥ 1 in 49 
patients (66%) and only 2 patients had a high HAS-BLED 
score. During a median follow-up of 1.2 years, 3 throm-
boembolic events and 3 major bleeding events occurred 
in five atriopulmonary Fontan and one total cavopul-
monary connection Fontan patients. Fifteen patients 
experienced minor bleeding. In Fontan patients with 
VKA (n = 37) prior to NOAC use, the annual incidence 
of thromboembolic events and major bleeding were 
2.4% (95% CI 0.4- 7.4) (n = 2) and 1.2% (95% CI 0.7–5.1) 
(n = 1), respectively.

Special considerations in NOAC use
Of the two types of prosthetic valves, the mechanical 
heart valve is more durable and is thus preferentially 
implanted in patients with a long life expectancy. How-
ever, mechanical valves are much more thrombogenic 
than bioprostheses, requiring lifelong anticoagulation 
with VKA to avoid subclinical thrombosis. In contrast, 
bioprosthetic heart valves do not require lifelong anti-
coagulation with VKA [25, 26]. Oral anticoagulation 
using a VKA should be considered for the first 3 months 
after surgical implantation of a bioprosthetic valve in the 
absence of AF, venous thromboembolism, hypercoagu-
lable state or, with a lesser degree of evidence, severely 
impaired LV dysfunction (ejection fraction < 35%) [25]. In 
adult CHD with a bioprostatic valve, lifelong VKA ther-
apy is not considered in the absence of risk factors related 
to the stroke event. However, repeated replacement of 
the bioprosthetic valve may be necessary due to valve 
degeneration and the need for additional surgical proce-
dure. Therefore, single antiplatelet therapy or oral antico-
agulation therapy could be considered. The recent results 
showed that NOACs could be safely used in bioprosthetic 
heart valves with adult patients with CHD during short-
term follow-up [13].

NOAC has a contraindication during pregnancy and 
is not allowed to be used [27–29]. Women of reproduc-
tive age with CHD taking a NOAC should be counseled 
about the need for effective contraception. If pregnancy 
is planned, an anticoagulation strategy should replace the 
NOAC with LMWH. LMWH does not cross the placenta 
and is therefore not associated with embryopathy. How-
ever, LMWH is associated with higher rates of throm-
boembolic complications in pregnant women, especially 
with mechanical valves. Therefore, close monitoring of 
anti-Xa levels is necessary.

NOAC application and drug interactions
All NOACs are partially eliminated by the kidney (dabi-
gatran 80%, edoxaban 50%, rivaroxaban 35%, apixa-
ban 27%) and should be dose adjusted. In practical 
use of NOAC, the dose of rivaroxaban, edoxaban, and 
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apixaban should be adjusted to creatinine clearance. A 
large retrospective study of patients with AF who were 
receiving dialysis suggests that apixaban might be asso-
ciated with fewer major bleeds and a similar risk of 
stroke or systemic embolism compared with VKA [30].

Low body weight (< 60  kg) patients taking NOACs 
have a fourfold higher risk of major bleeding than nor-
mal weight patients. The doses of apixaban and edoxa-
ban should be adjusted to body weight [21].

Potential drug interactions with NOACs must be con-
sidered. In patients taking amiodarone, phenytoin, and 
fluconazole in combination with a NOAC, the major 
bleeding risk is increased [31]. Amiodarone, verapamil, 
and diltiazem increase the serum concentrations of 
dabigatran, apixaban and edoxaban, via P glycoprotein 
competition. In addition, verapamil and diltiazem are 
cytochrome P450 3A4 (CYP3A4) inhibitors, resulting in 
a substantial increase in NOAC levels [27]. Regarding 
drug interaction with NOACs, careful consideration is 
especially required when using antiepileptic drugs.

Conclusion
Recent international multicenter studies demonstrated 
that NOACs might be considered in selected indications 
for adult patients with CHD. However, these patients are 
a heterogeneous population, with often complex patho-
physiology. NOAC treatment decisions have to be based 
on the individual specific factors as well the individual 
risk of stroke and bleeding, especially in patients with 
cyanotic CHD and single ventricles in Fontan physiology.

Therefore, further data and specifically prospective 
research will be needed in this population.

Abbreviations
AF: Atrial fibrillation; CHD: Congenital heart disease; NOACs: Non-vitamin K  
antagonist oral anticoagulants; VKA: Vitamin K antagonists; INR: International 
normalized ratio; IART​: Intra-atrial reentrant tachycardia; LMWH: Low molecular 
weight heparin.

Acknowledgements
None

Author contributions
Author carried out literature search and analysis, drafted the manuscript 
and critically revised the manuscript. Author read and approved the final 
manuscript.

Funding
None.

Availability of data and materials
Not applicable.

Declarations

Ethical approval and consent to participate
Not applicable.

Consent for publication
Author consent to publication.

Competing interests
The author declare that I have no competing interests.

Received: 3 April 2022   Accepted: 14 June 2022

References
	1.	 Mandalenakis Z, Rosengren A, Lappas G, Eriksson P, Hansson PO, Dell‑

borget M. Ischemic stroke in children and young adults with congenital 
heart disease. J Am Heart Assoc. 2016;5: e003071.

	2.	 Giang KW, Mandalenakis Z, Dellborg M, Lappas G, Eriksson P, Hansson PO, 
Rosengren A. Long-term risk of hemorrhagic stroke in young patients 
with congenital heart disease. Stroke. 2018;49:1155–62.

	3.	 Lanz J, Brophy JM, Therrien J, Kaouache M, Guo L, Marelli AJ. Stroke in 
adults with congenital heart disease: incidence, cumulative risk, and 
predictors. Circulation. 2015;132:2385–94.

	4.	 Hoffmann A, Chockalingam P, Balint OH, Dadashev A, Dimopoulos K, 
Engel R, Schmid M, Schwerzmann M, Gatzoulis MA, Mulder B, Oechslin E. 
Cerebrovascular accidents in adult patients with congenital heart disease. 
Heart. 2010;96:1223–6.

	5.	 Giannakoulas G, Boutsikou M. The Gordian knot of thromboembolism in 
congenital heart disease. Heart. 2015;101:1523–4.

	6.	 Diab YA, Ramakrishnan K, Alfares FA, Hynes CF, Chounoune R, Shankar V, 
Kanter JP, Nath DS. Transcatheter treatment of thrombosis in the single 
ventricle pathway: an institutional experience. Congenit Heart Dis. 
2016;11:39–44.

	7.	 Mandalenakis Z, Rosengren A, Lappas G, Eriksson P, Gilljam T, Hansson PO, 
Skoglund K, Fedchenko M, Dellborg M. Atrial fibrillation burden in young 
patients with congenital heart disease. Circulation. 2018;137:928e937.

	8.	 Khairy P, Van Hare GF, Balaji S, Berul CI, Cecchin F, Cohen MI, Daniels 
CJ, Deal BJ, Dearani JA, Groot N, Dubin AM, Harris L, Janousek J, Kanter 
RJ, Karpawich PP, Perry JC, Seslar SP, Shah MJ, Silka MJ, Triedman JK, 
Walsh EP, Warnes CA, PACES/HRS Expert Consensus Statement on the 
Recognition and Management of Arrhythmias in Adult Congenital Heart 
Disease: developed in partnership between the Pediatric and Congenital 
Electrophysiology Society (PACES) and the Heart Rhythm Society (HRS). 
Endorsed by the governing bodies of PACES, HRS, the American College 
of Cardiology (ACC), the American Heart Association (AHA), the European 
Heart Rhythm Association (EHRA), the Canadian Heart Rhythm Society 
(CHRS), and the International Society for Adult Congenital Heart Disease 
(ISACHD). Heart Rhythm. 2014;11:e102–65.

	9.	 Hernández-Madrid A, Paul T, Abrams D, Aziz PF, Blom NA, Chen J, Chessa 
M, Combes N, Dagres N, Diller G, Ernst S, Giamberti A, Hebe J, Janousek J, 
Kriebel T, Moltedo J, Moreno J, Peinado R, Pison L, Rosenthal E, Skinner JR, 
Zeppenfeld K, ESC Scientific Document Group. Arrhythmias in congenital 
heart disease: a position paper of the European Heart Rhythm Associa‑
tion (EHRA), Association for European Paediatric and Congenital Cardiol‑
ogy (AEPC), and the European Society of Cardiology (ESC) Working Group 
on Grown-up Congenital heart disease, endorsed by HRS, PACES, APHRS, 
and SOLAECE. Europace. 2018;20:1719–53.

	10.	 Pujol C, Niesert AC, Engelhardt A, Schoen P, Kusmenkov E, Pittrow D, 
Ewert P, Kaemmerer H. Usefulness of direct oral anticoagulants in adult 
congenital heart disease. Am J Cardiol. 2016;117:450–5.

	11.	 Yang H, Bouma BJ, Mulder BJM, On behalf of The Non vitamin K 
antagonist Oral anticoagulants for ThromboEmbolic prevention in adult 
congenital heart disease (NOTE) investigators. Is Initiating NOACs for 
atrial arrhythmias safe in adults with congenital heart disease? Cardiovasc 
Drugs Ther. 2017;31:413–7.

	12.	 Pujol C, Müssigmann M, Schiele S, Nagdyman N, Niesert AC, Kaemmerer 
H, Ewert P, Tutarel O. Direct oral anticoagulants in adults with congenital 
heart disease—a single centre study. Int J Cardiol. 2020;300:127–31.

	13.	 Yang H, Bouma BJ, Dimopoulos K, Khairy P, Ladouceur M, Niwa K, Greut‑
mann M, Schwerzmann M, Egbe A, Scognamiglio G, Budts W, Veldtman 
G, Opotowsky AR, Broberg CS, Gumbiene L, Meijboom FJ, Rutz T, Post 
MC, Moe T, Lipczyńska M, Tsai SF, Chakrabarti S, Tobler D, Davidson W, 
Morissens M, van Dijk A, Buber A, Bouchardy J, Skoglund K, Christersson 



Page 7 of 7Ban International Journal of Arrhythmia _#########_
	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

C, Kronvall T, Konings TC, Alonso-Gonzalez R, Mizuno A, Webb G, Laukyte 
M, Sieswerda GTJ, Shafer K, Aboulhosn J, Mulder BMJ. Non-vitamin K 
antagonist oral anticoagulants (NOACs) for thromboembolic prevention, 
are they safe in congenital heart disease? Results of a worldwide study. 
Int J Cardiol. 2020;299:123–30.

	14.	 Freisinger E, Gerß J, Makowski L, Marschall U, Reinecke H, Baumgartner 
H, Koeppe J, Diller GP. Current use and safety of novel oral anticoagulants 
in adults with congenital heart disease: results of a nationwide analysis 
including more than 44 000 patients. Eur Heart J. 2020;41:4168–77.

	15.	 Hoffman M, Monroe DM. Impact of non-vitamin K antagonist oral antico‑
agulants from a basic science perspective. Arterioscler Thromb Vasc Biol. 
2017;37:1812–5.

	16.	 Khairy P. Thrombosis in congenital heart disease. Expert Rev Cardiovasc 
Ther. 2013;11:1579–82.

	17.	 Giglia TM, Massicotte MP, Tweddell JS, Barst RJ, Bauman M, Erickson CC, 
Feltes TF, Foster E, Hinoki K, Ichord RN, Kreutzer J, McCrindle BW, New‑
burger JW, Tabbutt S, Todd JL, Webb CL, on behalf of the American Heart 
Association Congenital Heart Defects Committee of the Council on Car‑
diovascular Disease in the Young, Council on Cardiovascular and Stroke 
Nursing, Council on Epidemiology and Prevention, and Stroke Council. 
Prevention and treatment of thrombosis in pediatric and congenital 
heart disease: a scientific statement from the American Heart Association. 
Circulation. 2013;128:2622–703.

	18.	 Broberg CS, Ujita M, Prasad S, et al. Pulmonary arterial thrombosis in 
eisenmenger syndrome is associated with biventricular dysfunction and 
decreased pulmonary flow velocity. J Am Coll Cardiol. 2007;50:634–42.

	19.	 Khairy P, Landzberg MJ, Gatzoulis MA, Li W, Rubens M, Bax BE, Davidson 
SJ, Bouzas B, Gibbs JSR, Burman J, Gatzoulis MA. Transvenous pacing 
leads and systemic thromboemboli in patients with intracardiac shunts: a 
multicenter study. Circulation. 2006;113:2391–7.

	20.	 Wan D, Tsui C, Kiess M, Grewal J, Krahn AD, Chakrabarti S. Anticoagula‑
tion for thromboembolic risk reduction in adults with congenital heart 
disease. Can J Cardiol. 2017;33:1597–603.

	21.	 Mongeon FP, Macle L, Beauchesne LM, Bouma BJ, Schwerzmann M, 
Mulder BJM, Khairy P. Non-Vitamin K antagonist oral anticoagulants in 
adult congenital heart disease. Can J Cardiol. 2019;35:1686–97.

	22.	 Waldmann V, Laredo M, Abadir S, Mondésert B, Khairy P. Atrial fibrillation 
in adults with congenital heart disease. Int J Cardiol. 2019;287:148–54.

	23.	 Georgekutty J, Kazerouninia A, Wang Y, Ermis PR, Parekh DR, Franklin WJ, 
Lam WW. Novel oral anticoagulant use in adult Fontan patients: a single 
center experience. Congenit Heart Dis. 2018;13:541–7.

	24.	 Yang H, Veldtman GR, Bouma BJ, Werner Budts W, Niwa K, Meijboom F, 
Scognamiglio G, Egbe AC, Schwerzmann M, Broberg C, Morissens M, 
Buber J, Tsai S, Polyzois I, Post MC, Greutmann M, Dijk AV, Mulder BJM, 
Aboulhosn J. Non-vitamin K antagonist oral anticoagulants in adults with 
a Fontan circulation: are they safe. Open Heart. 2019;6: e000985.

	25.	 Baumgartner H, Falk V, Bax JJ, Bonis MD, Hamm C, Holm PJ, Iung B, Lancel‑
lotti P, Lansac E, Muñoz DR, Rosenhek R, Sjögren J, Mas PT, Vahanian A, 
Walther T, Wendler O, Windecker S, Zamorano JL, ESC Scientific Docu‑
ment Group. 2017 ESC/EACTS Guidelines for the management of valvular 
heart disease. Eur Heart J. 2017;38:2739–91.

	26.	 Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP 3rd, Guyton 
RA, O’Gara PT, Ruiz CE, Skubas NJ, Sorajja P, Sundt TM 3rd, Thomas JD, 
ACC, AHA Task Force Members. AHA/ ACC guideline for the management 
of patients with valvular heart disease: a report of the American College 
of Cardiology/American Heart Association task force on practice guide‑
lines. Circulation. 2014;2014(129):e521-643.

	27.	 Steffel J, Verhamme P, Potpara TS, Albaladejo P, Antz M, Desteghe L, 
Haeusler KG, Oldgre J, Reinecke H, Roldan-Schilling V, Rowell N, Sinnaeve 
P, Collins R, Camm AJ, Heidbüchel H, ESC Scientific Document Group. The 
2018 European Heart Rhythm Association Practical Guide on the use of 
non-vitamin K antagonist oral anticoagulants in patients with atrial fibril‑
lation. Eur Heart J. 2018;39:1330–93.

	28.	 Regitz-Zagrosek V, Roos-Hesselink JW, Bauersachs J, Blomström-Lundqvist 
C, Cífková R, Bonis MD, Iung B, Johnson MR, Kintscher U, Kranke P, Lang 
IM, Morais J, Pieper PG, Presbitero P, Price S, Rosano GMC, Seeland U, 
Simoncini T, Swan L, Warnes CA, ESC Scientific Document Group. 2018 
ESC Guidelines for the management of cardiovascular diseases during 
pregnancy. Eur Heart J. 2018;39:3165–241.

	29.	 Canobbio MM, Warnes CA, Aboulhosn J, Connolly HM, Khanna A, Koos 
BJ, Mital S, Rose C, Silversides C, Stout K, On behalf of the American Heart 

Association Council on Cardiovascular and Stroke Nursing; Council on 
Clinical Cardiology; Council on Cardiovascular Disease in the Young; 
Council on Functional Genomics and Translational Biology; and Council 
on Quality of Care and Outcomes Research. Management of pregnancy 
in patients with complex congenital heart disease: a scientific statement 
for healthcare professionals from the american heart association. Circula‑
tion. 2017;135:e50–87.

	30.	 Siontis KC, Zhang X, Eckard A, Bhave N, Schaubel DE, He K, Tilea A, Stack 
AG, Balkrishnan R, Yao X, Noseworthy PA, Shah ND, Saran R, Nallamothu 
BK. Outcomes associated with apixaban use in patients with end-stage 
kidney disease and atrial fibrillation in the United States. Circulation. 
2018;138:1519–29.

	31.	 Chang SH, Chou IJ, Yeh YH, Chiou MJ, Wen MS, Kuo CT, See LC, Kuo CF. 
Association between use of non- vitamin K oral anticoagulants with and 
without concurrent medications and risk of major bleeding in nonvalvu‑
lar atrial fibrillation. JAMA. 2017;318:1250–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Non-vitamin K antagonist oral anticoagulants in adults with congenital heart disease
	Abstract 
	Introduction
	Action mechanism of NOAC
	Indications for anticoagulation in adult CHD
	Risk stratification for thromboembolic prophylaxis
	Evidence of NOAC related to adult CHD

	NOAC in Fontan physiology
	Special considerations in NOAC use
	NOAC application and drug interactions

	Conclusion
	Acknowledgements
	References




