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Abstract
Purpose: Non-vitamin K antagonist anticoagulants (NOACs) prescription is increasing in adults with congenital heart disease (ACHD), however data on
e�cacy and safety in ACHD is unclear, particularly in patients (P) with complex CHD. The aim of the study was to review the safety and e�cacy of in various
types of ACHD.

Methods: Evaluation of ACHD P started on NOAC therapy from 2014 to 2020, followed-up for bleeding or thromboembolic events (TE) and mortality.
CHA2DS2-VASc and HASBLED scores were calculated and risk factors for bleeding were identi�ed.

Results: 93 ACHD P, mean age 52±15 years, 58% female, 55.9% moderate CHD and 23.7% with severe CHD (3.2% Fontan). 66% of P had a CHA2DS2-VASc
score ≥2 and 82% HASBLED score ≤2.

In a mean follow-up of 41±21 months (400.4 patient-years), there were TE in 2P (1 splenic infarction and 1 pulmonary embolism). The annual risk for TE was
0.49%/patient/year. The cardiovascular mortality was 2% and all-cause mortality 5%, however with no relation to TE or bleeding events.

6 P (6.5%) suffered a minor and 3 P (3.2%) suffered a major bleeding, a median time of 12 (IQR 15) months after starting NOAC therapy. The annual risk for
bleeding was 2.2%/patient/year.

Renal disease (HR 14.6 [95% CI 1.23-73.6], p=0.033 and the HAS-BLED score were predictors of major (adjusted HR 6.97 [95% CI 1.69-28.78], p=0.007) and
minor (adjusted HR 3.80 [95% CI 1.48-9.78], p=0.006) bleeding complications.

Conclusion: NOACs are a safe and effective option for selected ACHD P, although bleeding complications were not negligible

1.1 Introduction
In the past decade, non-vitamin K antagonist oral anticoagulants (NOACs) have emerged as an alternative to vitamin K antagonists (VKAs) with clearly
demonstrated bene�cial effect in patients with acquired heart disease [1]. While there has been emerging data on the increasing use of NOACs in adult
congenital heart disease (ACHD)[2] the question remains whether NOACs can be used effectively and safely in this heterogenous and complex population.

NOACs provide a convenient alternative to VKAs, bypassing the need for monitoring or frequent dose adjustments, with less food and drug interactions [3–4],
improving quality of life[5] and potentially reducing risk of intracranial bleeding and stroke [6]. Moreover, ACHD patients are a generally younger population
with an active lifestyle aiming to minimize medical intervention.

Atrial arrhythmias are common in this population, as well as anatomical subtracts that predispose to thrombotic events, particularly in severe ACHD. CHD
severity is a known predictor of thromboembolism, as well as an increased CHA DS -VASc score. On other hand, while major bleeding events are not
dependent on ACHD severity [7], the HAS-BLED has shown a strong correlation with major bleeding. Notably, patients with Fontan circulation appear to be at
higher risk of both thromboembolic and bleeding events, including patients with total cavopulmonary connection (TCPC) [5–8].

While there have been no randomized large scale studies in this population, the NOTE registry[9] and a recent meta-analysis [8] showed an annual event rate
of both thromboembolism and major bleeding comparable to data from acquired heart disease. However, worrisome con�icting results were advanced
revealing worse outcomes for ACHD patients treated with NOAC compared to those with VKAs, including higher mortality rates and major cardiovascular
events [2].

The European Society of Cardiology (ESC) 2020 ACHD guidelines refer that NOACs appear similarly safe and effective as VKAs (in the absence of
contraindications as mechanical valves or severe mitral valve stenosis) and recommend the use of anticoagulation in the context of AF/intra-atrial re-entrant
tachycardia in patients with moderate or severe ACHD, while still suggesting the use of CHA DS -VASc and HAS-BLED scores in simple defects [10]. The 2018
ACC/AHA ACHD guidelines also recommend the selective use of NOACs in subgroups of patients with an individual approach regarding the dose and type of
NOACs [11]. VKAs are currently recommended over NOACs in patients with a mechanical prosthetic valve, signi�cant atrioventricular valve stenosis,
intracardiac thrombus, intracardiac shunts or within three months of cardiac surgery [12]. Additional studies are needed to con�rm NOAC e�cacy in complex
ACHD, especially those with a Fontan-type circulation.

Our aim was to review the prescription of NOACs in a single center tertiary ACHD clinic, assessing its safety and e�cacy in this population. We aspired to
evaluate whether bleeding and thromboembolic events under NOAC therapy in this ACHD cohort were infrequent, as described in large scale registries [9] or, on
the other hand, if they were common and associated with worse outcomes, as shown in recent studies [2].

1.2 Methods
This study enrolled adult patients (older than 18 years) with ACHD, in a single tertiary center, that were started on NOAC therapy between 2014 and 2020. The
study population was divided according to CHD complexity (mild, moderate or severe, according to the Bethesda classi�cation [10]) and main diagnosis or
pathophysiological status: tetralogy of Fallot (TOF), transposition of the great arteries (TGA), single ventricle physiology (including patients with Fontan-type
circulation), systemic-pulmonary shunts (atrial and/or ventricular or arterial), left ventricular out�ow tract disease (BAV, aortic and subaortic stenosis), aortic
coarctation, right ventricular out�ow tract disease (pulmonary stenosis or atresia) and pulmonary vascular disease.

A retrospective follow-up evaluation was undertaken, regarding bleeding events (minor or major), thromboembolic events, all-cause mortality and
cardiovascular mortality.
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Demographic data and laboratory tests were reviewed and CHA DS -VASc and HAS-BLED scores were calculated for each patient.

Oral anticoagulation indication, NOAC prescription and dosage, as well as dose adjustments, switch to VKA and anticoagulation suspension (for clinical
reasons) were registered.

Furthermore, possible risk factors for higher bleeding risk were evaluated as predictors of bleeding events in ACHD, including age, gender, ACHD severity, renal
impairment, CHA DS -VASc and HAS-BLED scores.

Major bleeding was de�ned as intracranial bleeding or a life-threatening haemorrhage that caused substantial hemodynamic compromise requiring treatment
(according to the GUSTO bleeding classi�cation). Thromboembolic events were speci�ed as ischemic stroke (de�ned as de novo focal neurologic de�cits
without bleeding signs in cranial computorized tomography [CT]), extracranial systemic embolism (de�ned as signs or symptoms of affected organ
embolism, con�rmed with CT) or pulmonary embolism (diagnosed with CT angiography). The investigation followed the principles outlined in the Declaration
of Helsinki.

1.2.1 Statistical analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences, V.23.0 for Windows (SPSS). Point estimates and 95% CI are
presented for all mean estimates.

Descriptive statistics are presented as absolute frequency (number) and relative frequency (percentage) for categorical variables and as the mean (and
standard deviation) for continuous variables. The Kolmogorov-Smirnov test was used to test normality assumptions.

Correlations between categorical variables were assessed with the Chi-square test and correlations between continuous variables were assessed with the
Student’s T test.

The correlation between risk factors for bleeding and bleeding events were calculated with univariable Cox regressions. Subsequently multivariable analyses,
adjusted for potential confounders, were performed. Whenever statistical hypothesis testing was used, a signi�cance level of α = 5% was considered.

1.3 Results
Ninety-�ve patients adults with CHD were included, 58% female, mean age 52±15 years, 19 (20.4%) with mild CHD, 52 (55.9%) with moderate CHD and 22
(23.7%) with complex CHD, according to the Bethesda classi�cation [10]. Patient characteristics are shown in Table 1.
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Table 1
Characteristics of patients with adult congenital heart disease under NOAC therapy

CHD severity Mild Moderate Severe Total

N (%) 19 (20) 52 (56) 22 (24) 93 (100)

Female gender, n (%) 12 (63) 28 (54) 14 (64) 62 (58)

Age (years) 57±14 54±14 44±15 52±15

BMI (kg/m2) 27.6±5.4 25.7±4.7 23.3±3.7 25.6±4.8

Hypertension, n (%) 8 (42) 14 (27) 0 (0) 22 (24)

Diabetes, n (%) 2 (11) 4 (8) 0 (0) 6 (7)

Dyslipidaemia, n (%) 6 (32) 12 (23) 2 (9) 20 (22)

Smoker, n (%) 3 (16) 7 (13) 0 (0) 10 (11)

Atrial �brillation, n (%) 18 (95) 38 (73) 10 (45) 66 (71)

Atrial �utter/atrial tachycardia, n (%) 4 (21) 15 (29) 2 (9) 21 (23)

Pacemaker, n (%) 2 (11) 9 (17) 2 (9) 13 (14)

ICD, n (%) 0 (0) 6 (12) 3 (14) 9 (10)

Anemia, n (%) 4 (21) 16 (31) 4 (18) 24 (26)

Mean serum creatinine (mL/min) 1.05±0.34 0.86±0.18 0.85±0.23 0.89±0.24

Thrombocytopenia, n (%) 1 (5) 1 (2) 2 (9) 4 (4)

Severe pulmonary hypertension, n (%) 0 (0) 0 (0) 7 (32) 7 (8)

Previous stroke, n (%) 0 (0) 4 (8) 4 (18) 8 (9)

Concomitant APT, n (%) 0 (0) 4 (8) 0 (0) 4 (4)

CHA DS -VASc, median (IQR) 2 (1.5-4) 2 (2-3) 2 (2-3) 2 (2-3)

HAS-BLED, median (IQR) 0 (0-1) 0 (0-1) 0.5 (0-1) 0 (0-1)

Previous VKA, n (%) 7 (37) 9 (17) 8 (36) 24 (26)

Previous APT, n (%) 2 (11) 4 (8) 0 (0) 6 (7)

No previous therapy, n (%) 10 (53%) 39 (75) 14 (64) 63 (68)

NOAC therapy        

Rivaroxaban, n (%) 9 (47) 21 (40) 10 (45) 40 (43)

Edoxaban, n (%) 3 (16) 14 (27) 5 (23) 22 (24)

Apixaban (%) 5 (26) 8 (15) 6 (27) 19 (20)

Dabigatran (%) 2 (11) 9 (17) 1 (5) 12 (13)

Full dose 15 (79) 41 (79) 15 (68) 71 (76)

Reduced dose 4 (21) 11 (21) 7 (32) 22 (24)

The main diagnosis were atrial septal defect (20P, 21.5%), tetralogy of Fallot (18P, 19.4%), transposition of the great arteries (12P, 12.9%), Ebstein’s anomaly
(9P, 9.7%), ventricular septal defect (8P, 8.6%), pulmonary stenosis (8P, 8.6%), ductus arteriosus (5P, 5.4%), atrioventricular septal defect, (4P, 4.3%),
univentricular heart (3P, 3.2%), coarctation of the aorta (3P, 3.2%), supra-aortic stenosis (2P, 2.2%), truncus arteriosus 1P (1.1%) and Uhl’s disease (1P, 1.1%)
(Fig. 1). A total of 3 (3.2%) patients had Fontan-type circulation (2 atrio-pulmonary connection and 1 TCPC) and 7 (7.5%) patients had severe pulmonary
vascular disease.

Most patients were anticoagulated with rivaroxaban (40P, 43%), followed by edoxaban (22P, 24%), apixaban (19P, 20%) and dabigatran (12P, 13%). 71P (76%)
were prescribed the standard dose and 22P (24%) the reduced dose. Regarding previous anti-thrombotic therapy: 24 (25.8%) were previously on VKA, 6 (6.5%)
on antiplatelet therapy and 63 (67.7%) with no previous therapy.

The indications for oral anticoagulation were: prevention of thromboembolism secondary to atrial arrhythmias (75P, 81%), predominantly atrial �brillation (AF)
(66P, 71%), pulmonary embolism (PE) (6P, 6.3%), atrial thrombi (4P, 4.3%), thromboprophylaxis in Fontan circulation (3P, 3.2%), deep vein thrombosis (3P, 3.2%)
and stroke (2P, 2%).

Anemia (de�ned by a haemoglobin level of <12.0 g/dL in women and <13.0 g/dL in men) was present in 24 (25.8%) and thrombocytopenia (de�ned as
platelet count inferior to 150 × 103 per µL) was present in 4 (4.3%) patients. 66% of patients had a CHA DS -VASc score of ≥2 and 82% of patients had an
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HAS-BLED score of ≤2 (Table 1).

In a mean follow-up of 41±21 months (400.4 patient-years), there were thromboembolic events in two patients (2.2%), one splenic infarction and one
pulmonary embolism, a median time of 15.1 (IQR 5.1) months after initiation of NOAC therapy (Fig. 2). The annual risk for thromboembolism events was
0.49%/patient/year. One patient (39 years old male) with an unrepaired PDA was under anticoagulation for an atrial thrombus, with a low CHA DS -VASc
score of 1, suffered a splenic infarction, while other patient (79 years old female), with a repaired secundum ASD, under NOAC for AF, with a high CHA DS -
VASc score of 5, suffered a pulmonary embolism. Both patients were under apixaban (the former patient with the standard dose, the latter with the adjusted
reduced dose).

Bleeding events occurred in 9 patients (9.7%), with major bleeding in 3 patients (3.1%) and minor bleeding in 6 patients (6.5%), a median time of 11.8 (IQR
14.5) months after starting NOAC therapy (Fig. 2). The annual risk for bleeding was 2.2%/patient/year. Patients with bleeding events had signi�cantly higher
serum creatinine levels (1.12±0.46 mg/dL vs 0.87±0.21 mg/dL, p=0.022), a higher HAS-BLED score (2 [IQR 1-3] vs 0.5 [IQR 0-1], p=0.001), and were most often
taking the reduced NOAC dose (56% vs 20%, p=0.018). Anemia was more frequent in patients with bleeding events (67% vs 21%, p=0.003). No difference was
found regarding age (55±16 vs 52±15, p=0.587), gender (female 78% vs 56%, p=0.207), CHA DS -VASc score (2.5 [IQR 1-4] vs 2 [IQR 1-2], p=0.001),
concomitant antiplatelet therapy (11% vs 4%, p=0.503), CHD severity or individual NOAC prescription (Table 2).

Table 2
Characteristics of ACHD patients with bleeding events versus patients without bleeding events

  Bleeding events No bleeding events p-value

N (%) 9 (10) 84 (90) ---

Female gender, n (%) 7 (78) 47 (56) 0.207

Age (years) 55±16 52±15 0.587

Mild CHD, n (%) 2 (22) 17 (20) 0.888

Moderate CHD, n (%) 5 (56) 47 (56) 0.982

Severe CHD, n (%) 2 (22) 20 (24) 0.915

Severe pulmonary hypertension, n (%) 1 (11) 6 (7) 0.668

BMI (kg/m2) 23.3±4.4 25.2±6.2 0.253

Hypertension, n (%) 2 (22) 20 (24) 0.915

Diabetes, n (%) 1 (11) 5 (6) 0.549

Dyslipidaemia, n (%) 2 (22) 18 (21) 0.956

Smoker, n (%) 2 (22) 8 (10) 0.243

Anemia, n (%) 6 (67) 18 (21) 0.003

Mean serum creatinine (mg/dL) 1.12±0.46 0.87±0.21 0.022

Concomitant APT, n (%) 1 (11) 3 (4) 0.503

CHA DS -VASc, median (IQR) 2.5 (1-4) 2 (1-2) 0.217

HAS-BLED, median (IQR) 2 (1-3) 0.5 (0-1) 0.001

NOAC therapy Bleeding events No bleeding events  

Rivaroxaban, n (%) 3 (33) 37 (44) 0.537

Edoxaban, n (%) 3 (33) 19 (23) 0.472

Apixaban (%) 3 (33) 16 (19) 0.312

Dabigatran (%) 0 (0) 12 (14) 0.224

Reduced dose 5 (56) 11 (20) 0.018

CHD: congenital heart disease; BMI: body mass index; NOAC: Non-vitamin K antagonist oral anticoagulant; ICD: implantable cardioverter-de�brillator; VKA:
Vitamin-K antagonist; APT: Antiplatelet therapy

The characteristics of the patients with thromboembolic and bleeding events are presented in Table 3. There were no thromboembolic or bleeding events in
patients with Fontan-type circulation in our cohort.
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Table 3
Characteristics of patients with thromboembolic and bleeding events under NOAC therapy

Patient
No.

Gender Age
(y)

CHD
diagnosis

CHD
class

TE event Time to
TE
(months)

Severe
PH

Anemia NOAC Indication CHA DS -
VASc

HAS-
BLED

1 Male 39 Unrepaired
PDA

Moderate Splenic
infarction

9.9 No No Apixaban Atrial
thrombus

1 0

2 Female 79 Repaired
secundum
ASD

Mild Pulmonary
embolism

20.1 No Yes Apixaban AF 5 3

Patient
No.

Gender Age
(y)

CHD
diagnosis

CHD
class

Bleeding
event

Time to
bleeding
(months)

Severe
PH

Anemia NOAC Indication CHADS-
VASC

HAS-
BLED

Major bleeding                      

1 Female 48 Unrepaired
PDA

Moderate Severe
hemoptysis

6.8 No Yes Apixaban PE 2 3

2 Female 77 Unrepaired
ASD -
severe PH

Severe Esophageal
varices
rupture

13.3 Yes No Apixaban AF 4 3

3 Male 42 Ebstein Moderate Severe
pericardial
effusion

6.1 No Yes Rivaroxaban Atrial
�utter

1 1

Minor bleeding                      

4 Female 42 Repaired
ToF

Moderate Oral
bleeding

7.0 No No Edoxaban AF 2 1

5 Female 79 Repaired
ASD

Mild Mild GI
bleeding

55.0 No Yes Apixaban AF 5 3

6 Female 61 Unrepaired
ASD

Moderate Mild GI
bleeding

24.9 No Yes Rivaroxaban PE 2 2

7 Female 49 Repaired
ASD

Mild Metrorrhagia 3.1 No Yes Edoxaban Atrial
�utter

3 2

8 Female 32 TGA, atrial
switch

Severe Metrorrhagia 11.8 No Yes Rivaroxaban PE 1 1

9 Male 63 Moderate
PS, ASD

Moderate Hematuria 16.9 No No Edoxaban AF 2 0

CHD: Congenital heart disease; TE: Thromboembolism; PH: Pulmonary hypertension; ASD: Atrial septal defect; NOAC: Non-vitamin K antagonist oral
anticoagulant; ToF: Tetralogy of Fallot; TGA: Transposition of the great arteries; GI: Gastrointestinal; PS: Pulmonary stenosis

In the presented follow-up, the cardiovascular mortality was 2.2% (2 patients), with an annual rate of 0.5%/patient/year and the all-cause mortality was 5.4%
(5 patients) with an annual rate of 1.2%/patient/year. There was no relation between mortality and thromboembolic or bleeding events.

In our cohort of ACHD patients, 8P (8.6%) required NOAC dose adjustment to the reduced dose, mostly due to bleeding events on standard dose (3P, 3.2%) or
renal impairment (2P, 2.2%). 10 patients (10.8%) were switched to a different NOAC during follow-up, in the majority of cases to apixaban (6P, 6.4%) – due to
worsening of renal function, bleeding events or dyspepsia with the previous NOAC – followed by edoxaban (2P, 2.2%) and dabigatran (2P, 2.2%). 7 patients
(7.5%) were switched to VKA, mostly due to mechanical prosthetic valve implantation (3P, 3.2%), followed by bleeding events under NOAC (3P, 3.2%) and
diagnosis of antiphospholipid syndrome (1P, 1.1%). In 6 patients (6.5%), oral anticoagulation was suspended, mostly due to withdrawal of indication for
anticoagulation (2P [2.2%] with mild CHD due to CHA DS -VASc score of 0, 1P [1.1%] with no AF recurrence after catheter ablation), due to severe anemia (2P,
2.2%) or due to severe bleeding complications 1P (1.1%).

The univariate and multivariate regression analysis for bleeding events are presented in Table 4. The elevation of creatinine levels due to renal disease was a
strong risk factor for major bleeding (HR 14.6 [95% CI 1.23 to 173.6], p=0.033). Multivariate analysis showed than an increased HAS-BLED score was a
predictor of major (adjusted HR 6.97 [95% CI 1.69-28.78], p=0.007) and minor (adjusted HR 3.80 [95% CI 1.48-9.78], p=0.006) bleeding events, independently
of age, gender and CHD severity. The CHA DS -VASc score and CHD severity were not correlated with bleeding events.
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Table 4
Univariable and multivariable regression analyses for bleeding events and

major bleeding
Major bleeding – Univariable regression

Model Hazard ratio 95% con�dence interval p-value

Serum creatinine 14.63 1.23 to 173.62 0.033

CHA DS -VASc 1.65 0.88 to 3.09 0.119

HAS-BLED 5.06 1.76 to 14.52 0.003

Mild CHD 0.94 0.11 to 8.42 0.956

Moderate CHD 0.91 0.15 to 5.48 0.914

Severe CHD 1.26 0.14 to 11.45 0.841

Major bleeding – Multivariable regression

Model Hazard ratio 95% con�dence interval p-value

Serum creatinine 22.91 0.72 to 726.31 0.076

CHA DS -VASc 1.61 0.60 to 4.31 0.345

HAS-BLED 6.97 1.69 to 28.78 0.007

Mild CHD 0.85 0.09 to 7.97 0.850

Moderate CHD 0.88 0.15 to 5.34 0.892

Severe CHD 1.56 0.15 to 16.74 0.712

Minor bleeding – Univariable regression

Model Hazard ratio 95% con�dence interval p-value

Serum creatinine 4.10 0.28 to 61.11 0.305

CHA DS -VASc 1.44 0.82 to 2.53 0.209

HAS-BLED 2.83 1.32 to 6.05 0.007

Mild CHD 1.79 0.33 to 9.79 0.503

Moderate CHD 0.66 0.13 to 3.30 0.613

Severe CHD 0.91 0.11 to 7.90 0.933

Minor bleeding – Multivariable regression

Model Hazard ratio 95% con�dence interval p-value

Serum creatinine 5.93 0.33 to 107.56 0.229

CHA DS -VASc 1.59 0.69 to 3.67 0.280

HAS-BLED 3.80 1.48 to 9.78 0.006

Mild CHD 1.87 0.33 to 10.62 0.482

Moderate CHD 0.70 0.14 to 3.55 0.663

Severe CHD 0.79 0.08 to 7.55 0.840

1.4 Discussion
NOACs prescription in ACHD is constantly increasing, accounting for more than 40% of all oral anticoagulant prescriptions in a recent Germany nationwide
study [2].

While the most robust evidence of NOACs safety and e�cacy stems from randomized controlled trials in acquired heart disease, extrapolating directly from
acquired to congenital cardiovascular conditions can be doubtful, due to differences in anatomy and physiology, aetiology and nature of arrhythmias and
prothrombotic conditions [3, 13].

As previous demonstrated, in our cohort the main indication for anticoagulation was prevention of thromboembolism secondary to atrial arrhythmias [13]. Our
results are reassuring showing that oral anticoagulation with NOACs is a safe and effective option for selected ACHD patients, with only two patients (2.2%)
suffering thromboembolic events during a medium follow-up of more than 3 years.
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Though our low thrombotic event rate could be explained by a younger age and more favourable cardiovascular risk pro�le comparing to acquired conditions,
66% of our population had actually a CHA2DS2-VASc score of ≥2, and patients with thrombotic events did not have a signi�cantly different CHA2DS2-VASc
score (median 3 [IQR 2-4) comparing to patients with no events.

Due to a low rate of ischemic events, we did not search for thromboembolic predictors. It is still unclear whether CHA2DS2-VASc score is useful to estimate the
risk of thromboembolic events in ACHD, with contradicting results in previous studies [3, 7]. Most likely, thromboembolic risk is multifactorial in nature in
ACHD patients, in�uenced more by the complexity of the CHD, presence of cyanosis, repair status, prosthetic material, and residual lesions than for traditional
risk factors and age [7–9]. All these factors should be address in the creation of a future ACHD-CHADS speci�c score.

On the other hand, the annual risk of bleeding was 2.2%/patient/year in our cohort. Although not a negligible risk, particularly in patients with renal disease, in
ACHD patients the bleeding risk under VKA has been previous estimated to be 4.4%/year[7]. In our cohort, HAS-BLED score was, in multivariate analysis, an
independent predictor for major (adjusted HR 6.97) and minor bleedings (adjusted HR 3.80). We did not observe differences regarding the age, gender or
complexity of the ACHD in patients with haemorrhagic events. Our study con�rms the results from previous observational studies that showed HAS-BLED
score as a useful tool also in ACHD population[7, 14–15]. HAS-BLED score value has been more consistent in ACHD population than CHA2DS2-VASc, probably
because it considers common issues in complex diseases, as in Fontan patients, namely renal and liver disease, and lability of the International Normalized
Ratio (INR) [16].

Moreover, and as already demonstrated in studies with acquired disease and ACHD, renal disease showed to be a strong risk factor for bleeding in our
population [15]. Indeed, in the study of Pujol C. et al with more than 200 ACHD patients, renal disease was an independent predictor for bleeding (HR 6.13) in
multivariate analysis, and the only risk factor found for major bleedings [15]. These �ndings reinforce the importance of dose adjustment according to renal
function, which was the case in 2.2% of our cohort. However, one of the main reasons to switch to a different NOAC was related to the lower renal excretion of
some NOACs compared to others, namely apixaban (in 6.4% of patients). Notably, over half (56%) the patients in our cohort that had haemorrhagic events
were already prescribed the adjusted reduced dose (24%).

It is suggested that the requirement for regular laboratory monitoring and simultaneous contact with health care professionals may increase therapy
adherence and reduce complication rates in VKA treated patients [2]. However, our hospital developed an Anticoagulation Outpatient Clinic that also include
patients treated with NOACs, for switching from AVK to NOAC or for patients that require periodical laboratory testing due to renal impairment. In our
experience, this approach can enhance patient education and reinforcement of appropriate compliance. Nevertheless, a study from the NOTE registry showed
a good adherence (80-93%) to NOAC during 2 years follow-up and a signi�cant improvement in quality of life in patients with previous VKA therapy [9]. Long-
term adherence to treatment is likely to translate into a lower thromboembolic event rate, especially in young patients who may need anticoagulation for
decades [8].

Other important �nding was in our ACHD unit-followed population the all-cause and cardiovascular mortality were unrelated to embolic or bleeding events,
although we have not made comparisons with patients under VKA. In a nationwide German study, with majority of patients with simple lesions and many of
them followed in non-tertiary ACHD centers, the authors found a signi�cantly increased in the risk of MACE (HR 1.2) and all-cause mortality (HR 1.4) in the
NOAC cohort compared with VKA patients, although the risk for major bleedings and thromboembolic events was similar [2]. These �ndings highlight the need
for decisions in NOAC initiation be preferably made by cardiologists with CHD expertise, using an individual approach.

We admit that some subgroups were underrepresented in our cohort. We only included 3 patients with Fontan circulation, but neither major bleeding nor
thrombotic complications occurred in this subgroup. Fontan patients appear to have a higher event rate (embolic and haemorrhagic) than the remainder [9],
even though a study from NOTE registry showed NOACs were well tolerated, with comparable e�cacy and safety during short-term follow-up to VKAs [5].
Although increasing evidence are emerging, Fontan population remain an important subgroup in whom further data are required to draw de�nitive
conclusions [9].

The choice of oral anticoagulant must balance risks, bene�ts, comorbidities, namely renal disease, CHD complexity and patient expectations in relation to
underlying CHD. Our results suggest that HAS-BLED score should be considered when balancing the risks of thromboprophylaxis in ACHD patients.

1.4.1 Limitations
This study is limited by its modest sample size, low event rate, relatively short follow-up and observational, retrospective and single center design. Notably,
only a small number of patients with Fontan circulation were included. Also, the rate of thromboembolism may be underestimated as we did not routinely
screen asymptomatic patients for subclinical thromboembolism.

1.5 Conclusions
NOACS appear to show evidence of e�cacy and safety in ACHD patients with regular follow-up in a tertiary ACHD single center, in line with data from large
multicenter evidence such as the NOTE registry [9]. Bleeding complications were not negligible, especially in patients with renal disease or a high HAS-BLED
score. Patient selection is crucial, as initiation of NOACs in this heterogenous population should be individualized considering complexity, physiology and
comorbidities, and further evidence is necessary for patients with complex ACHD, particularly Fontan patients.
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