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Abstract

Purpose—Direct oral anticoagulants (DOACs) are not recommended in adult Fontan patients 

(Level of Evidence C). We hypothesized that DOACs are comparable to warfarin and do not 

increase thrombotic and embolic complications (TEs) or clinically significant bleeds.

Methods—We reviewed the medical records of adult Fontan patients on DOACs or warfarin at 

three major medical centers. We identified 130 patients: 48 on DOACs and 107 on warfarin. In 

total, they were treated for 810 months on DOACs and 5637 months on warfarin.

Results—The incidence of TEs in patients on DOACs compared to those on warfarin was not 

increased in a statistically significant way (hazard ratio [HR] 1.7 and p value 0.431). Similarly, 

the incidence of nonmajor and major bleeds in patients on DOACs compared to those on warfarin 

was also not increased in a statistically significant way (HR for nonmajor bleeds in DOAC patients 

was 2.8 with a p value of 0.167 and the HR for major bleeds was 2.0 with a p value 0.267). In 

multivariate analysis, congestive heart failure (CHF) was a risk factor for TEs across both groups 

(odds ratio [OR] = 4.8, 95% confidence interval [CI] = 1.3–17.6) and bleed history was a risk 

factor for clinically significant bleeds (OR = 6.8, 95% CI = 2.7–17.2).

Conclusion—In this small, retrospective multicenter study, the use of DOACs did not increase 

the risk of TEs or clinically significant bleeds compared to warfarin in a statistically significant 

way.
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Introduction

Long-term thromboprophylaxis is recommended for adult Fontan patients with atrial 

arrhythmias [1–3]. Prescribing practice is largely based on prescriber preference due to 

conflicting efficacy evidence [1, 4–8]. DOACs, which include the direct thrombin inhibitor 

(dabigatran) and factor Xa inhibitors (apixaban, edoxaban, and rivaroxaban), are accepted as 

first-line anticoagulants in many noncongenital patients [9, 10].

Despite favorable clinical trials [11–14] and established indications in select patients [15], 

experience with DOACs in adult Fontan patients is limited [3, 16–21]. There is a class III, 

Level of Evidence C, recommendation against the use of DOACs in adult Fontan patients 

due in part to a lack of safety and efficacy data, along with concerns regarding abnormal 

Fontan coagulation and liver function [2, 3, 22, 23]. While not well studied in adult Fontan 

patients specifically, the pharmacokinetic and pharmacodynamic properties of DOACs have 

been well established in clinical trials and after gaining guideline approval [9–14]. We 

published a single center study of DOACs in adult Fontan patients showing that DOACs may 

be reasonable in the short term [24]. Here, we include more patients and compare DOAC 

outcomes against warfarin.
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Methods

Baylor College of Medicine/Texas Children’s Hospital, Emory University, and Vanderbilt 

University Medical Center identified adult patients with Fontan palliation treated with 

DOAC or warfarin therapy between 1995 and 2018. Heart transplant patients were excluded. 

Patients were considered lost to follow-up if there had unexpectedly been no communication 

for more than 6 months. Since some patients were initiated on therapy more than once, 

New York Heart Association Functional Classification (NYHA class), CHA2DS2-VASc, and 

HAS-BLED scores were calculated at each therapy initiation [9].

Definitions

Thrombotic and embolic complications (TEs) were defined as new stroke, transient 

ischemic attack, deep vein thrombosis, pulmonary embolism, Fontan circuit thrombus, or 

intracardiac thrombus identified on imaging that was obtained at the discretion of the 

provider. Arrhythmia warranting anticoagulation included atrial fibrillation and/or atrial 

flutter/intraatrial reentrant tachycardia as determined by the provider. Procedure prophylaxis 

included prophylaxis following pulmonary artery stent placement, coil embolization of 

collateral vessels, patients receiving cardioversion (electrical or chemical), or following 

arrhythmia procedure (catheter- or surgical-based modified Maze or Cox Maze III 

procedure). CHF represents history of heart failure documented in the chart whereas NYHA 

classification of heart failure symptoms was calculated based on what was documented at 

each independent therapy initiation.

Bleeding events were defined as major, nonmajor, or minor, using previously reported 

definitions from major DOAC trials [25, 26]. Major bleeding included acute clinical bleeds 

requiring cessation of therapy coupled with a hemoglobin drop ≥ 2 g/dL in 24 h, transfusion 

of blood products, or bleeding into a critical site (intracranial, intraspinal, intraocular, 

pericardial, intraarticular, intramuscular with compartment syndrome, or retroperitoneal). 

Nonmajor bleeding required cessation of therapy but did not meet major bleeding criteria. 

“Clinically significant” bleeding was defined as major plus nonmajor bleeding. Minor 

bleeding included easy bruising, epistaxis, menorrhagia, and any other events that met 

neither major nor nonmajor criteria.

Warfarin patients’ time in therapeutic range (TTR) was calculated using the Rosendaal linear 

interpolation method. Therapeutic range was defined as international normalized ratio (INR) 

values between 2 and 3. Patients were excluded if they had INR gaps longer than 2 months 

(total therapy ≤ 2 years) or 4 months (total therapy ≥ 2 years). INR was subtherapeutic if < 2 

within 48 h of TE, and supratherapeutic if > 3 within 48 h of clinically significant bleed.

Statistical Analysis

Continuous variables were presented as mean with standard deviation (SD) and median 

with interquartile range. Student’s t test or one-way ANOVA was applied to compare 

the difference between two or among three groups, respectively, for data with normal 

distribution. For nonnormal distributed data, the Wilcoxon rank sum test or the Kruskal–

Wallis test was used for the comparison in two or three groups, respectively. Categorical 
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variables were expressed as numbers with percentages and compared using the Fisher 

exact test. To account for multiple initiation events for the same patient, the univariate and 

multivariable generalized estimating equations were applied to estimate odds ratios of risk 

factors associated with outcomes. The risk associated with each variable was expressed 

as an odds ratio (OR) with 95% confidence interval (CI). Propensity score matching was 

done using study institution, age at therapy initiation, sex, BSA, BMI, pre-surgical anatomy, 

Fontan type, indication for anticoagulation, CHA2DS2-VASc score, HAS-BLED score, and 

NYHA classification. SAS version 9.4 (SAS Institute Inc., Cary, NC) was applied for data 

analysis.

Results

We identified 130 unique adult Fontan patients, either started on therapy as adults or 

continued on therapy upon turning 18. Because of cross-over among treatment groups, this 

included 48 patients on a DOAC (apixaban [n = 21], dabigatran [n = 14], and rivaroxaban [n 
= 13]), and 107 patients on warfarin.

Patient Demographics

Patient demographics were recorded upon a patient’s first initiation of a specific therapy. 

There was no statistically significant difference between patients’ BSA, BMI, and sex 

(Tables 1 and 2); however, DOAC patients were older at initiation (median age: 29.5 years) 

than patients on warfarin (23 years). Most patients were started on anticoagulation because 

of a prior history of TEs or arrhythmias (72.9% for DOACs, 76.6% for warfarin). A higher 

proportion of DOAC patients were started on therapy because of a recent procedure (16.7%) 

compared to patients on warfarin (0.9%). Almost 1 in 6 patients on DOACs and 1 in 3 

patients on warfarin were co-treated with antiplatelet medication or an NSAID. Of note, one 

patient on warfarin was concurrently treated with enoxaparin.

There was no statistical difference between DOAC or warfarin patients’ CHA2DS2-VASc 

score. A larger proportion of DOAC patients had CHF, but this did not approach statistical 

significance (p value = 0.15). 45.8% of patients on DOACs had zero HAS-BLED points, 

compared to 35.5% of patients on warfarin. The presence and/or patency of Fontan 

fenestration was not clearly documented in a large proportion of cases and was not included 

in the demographic data.

The number of warfarin patients with a bleed history/predisposition is underestimated 

because 7 patients did not initially have a bleed history/predisposition, and then had a 

bleeding event while on warfarin, and were ultimately restarted on warfarin because of 

high TE risk. Including these 7 patients increases the proportion of warfarin patients with a 

bleed history/predisposition from 4.7 to 11.2%, although this did not lead to a statistically 

significant difference when compared to DOAC patients (p value = 0.23).

Multiple patients were started and stopped on the same, or different, therapies. Of the 48 

patients on a DOAC, 10 were exclusively treated with a DOAC, 25 were at some point on 

warfarin, and 26 were at some point on aspirin. Of the 107 patients on warfarin, 64 were 
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treated exclusively with warfarin, 25 were at some point on a DOAC, and 31 were at some 

point on aspirin.

Thrombotic and Embolic Complications

For patients initiated on therapy more than once, each therapy start event was considered 

separately when evaluating TE and bleeding event incidence per year. This resulted in 62 

DOAC initiation events for the 48 DOAC patients and 140 warfarin initiation events for the 

107 warfarin patients.

TEs are summarized in Table 3 and the event-free survival data for TEs is summarized in 

Fig. 1. The difference between the incidence of TEs in patients on DOACs compared to 

those on warfarin was not statistically significant (HR = 1.7, 95% CI = 0.4–6.3, p value = 

0.431). Although the event-free survival data for TEs appears to diverge, favoring Warfarin, 

this difference did not approach statistical significance. After performing a propensity score 

matching analysis, we found that there was still no significant difference between the DOAC 

and warfarin groups (HR = 0.8, 95% CI = 0.2–3.2). Matching resulted in 48 observations in 

each group, with good balance between them (Supplemental Fig. 1).

On average, warfarin patients had TTR of 57% (SD = 24%) based on 39 separate therapy 

initiations (representing 28% of warfarin initiations); over two-thirds of the warfarin patients 

were excluded from this measurement for incomplete INR data. Four of the 12 TEs had a 

recorded INR immediately preceding the event, and of those, 2 were subtherapeutic. Only 1 

patient with a TTR estimation (76%) had a TE; as such, an odds ratio relating TTR to risk of 

TE could not be reported.

To identify risk factors for TEs, we completed univariate analysis of the data, summarized in 

Fig. 2, which revealed CHF (OR = 4.4, 95% CI = 1.2–16.3) and symptomatic heart failure 

(NYHA ≥ 2) (OR = 3.4, 95% CI = 1.1–10.6) as risk factors. On further analysis of the 

data, any history of CHF increased risk in the multivariate analysis (OR = 4.8, 95% CI = 

1.3–17.6), but the NYHA classification at time of therapy initiation did not.

Bleeding Events

Bleeding events are summarized in Table 4. Freedom from minor, nonmajor, and major 

bleed data are summarized in Figs. 3, 4, and 5, respectively. Comparing patients on DOACs 

to those on warfarin, the incidence of nonmajor and major bleeds did not approach statistical 

significance (nonmajor bleeds: HR = 2.9, 95% CI = 0.7–12.7, p value = 0.159; major 

bleeds: HR = 2.0, 95% CI = 0.6–6.8, p value = 0.256). However, patients on a DOAC 

were more likely to have a minor bleeding event (HR = 3.1, 95% CI = 1.3–7.1, p value 

= 0.008). To further characterize bleeding risk by increasing the number of events, we 

combined nonmajor and major bleeding events, summarized in Fig. 6, and even here the risk 

of clinically significant bleeds for patients on DOACs compared to those on warfarin did 

not reach statistical significance (HR = 2.3, 95% CI = 0.9–5.9, p value = 0.08). Although 

the event-free survival data for nonmajor, major, and clinically significant bleeds appear to 

diverge, favoring Warfarin, these differences did not approach statistical significance. After 

performing a propensity score matching analysis, we found that there was still no significant 

difference between the DOAC and warfarin groups (RR = 1.4, 95% CI = 0.8–2.5). Matching 
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resulted in 48 observations in each group, with good balance between them (Supplemental 

Fig. 1).

Five of the 15 warfarin patients with a clinically significant bleed had TTR data. Having 

a TTR less than 60% increased the odds of clinically significant bleeds in our study, but 

this did not reach statistical significance in our patient population (OR = 15.6, 95% CI = 

0.80–304). Eight of the 15 clinically significant bleeds had a recorded INR immediately 

preceding the TE, and of those, only 1 was supratherapeutic.

Using univariate and multivariate analysis (Fig. 7), we found a higher odds ratio of clinically 

significant bleeds among patients with a history of, or predisposition to, bleeding (univariate 

analysis OR = 4.7, 95% CI = 1.9–12.0; multivariate analysis OR = 5.5, 95% CI = 2.3–12.9).

Discussion

Currently, only warfarin enjoys guideline recommendation for long-term 

thromboprophylaxis for adult Fontan patients with atrial arrhythmias. However, DOACs are 

much less cumbersome to use, both for the patient and the prescribing provider, in that they 

do not require close monitoring. The ease of use of DOACs is most evident in short-term 

prophylaxis (e.g., following an ablation procedure or direct current cardioversion). Based 

on our experience, prescribing practice is largely based on prescriber preference, with 

significant variation between institutions.

This is among the first multicenter studies comparing DOAC therapy in adult Fontan 

patients to warfarin therapy. Two recent studies by Yang et al. look at DOAC therapy 

in Fontan and ACHD patients (which include the same Fontan cohort) [27, 28]. The 

publications rely on historical warfarin use as a point of reference for DOACs (n = 74) 

and so there are fewer people in the warfarin group (n = 37). In both studies, the incidence 

of major bleeding and thromboembolic phenomenon are equivalent between those taking 

DOACs and those on warfarin (less than 3 per 100 patient-years for both outcomes). 

Similar yearly incidences were identified by Pujol et al. [29] when looking at DOACs in 

a wider variety of ACHD patients. Their paper included only 12 Fontan patients. A recent 

meta-analysis, which includes our prior publication on 21 Fontan patients [24], summarized 

the annual rate of thromboembolic and major bleeding events as approximately 3% annually 

for both [30]. Here we expand on the above by attempting a more rigorous comparison 

between DOACs and warfarin compared to our prior study: we now have data on a larger 

cohort, and for a longer period. Our exploratory data suggest that (1) patients on DOACs 

are not more likely to suffer TEs in the short term and (2) DOAC patients on short-term 

prophylaxis are not at higher risk of clinically significant bleeding than warfarin patients. 

Our patient population had an overall TE prevalence between 5.6 and 11.2%.

Thrombotic and Embolic Complications and Bleeding Events in DOAC Patients

We found that DOACs did not increase the risk of TEs when compared to warfarin. 

Most differences between DOAC and warfarin patient demographics were within statistical 

error (Table 1). There were, however, key ways in which the two populations differed. 

Patients on DOAC therapy were older than those on warfarin. More DOAC patients were 
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started on therapy for procedure prophylaxis, an inherently shorter term indication. In 

contrast, more warfarin patients were on therapy secondary to a history of thrombosis. More 

warfarin patients had a bleed history, although the p value is not statistically significant 

(p value = 0.23, even when including warfarin patients who had a bleed on therapy). 

More DOAC patients had CHF or a higher NYHA classification, although the p value 

is not statistically significant. Looking at the trends within the Kaplan–Meier curves, we 

believe it is reasonable to conclude that, at least in short-term prophylaxis (6 months or 

less), DOACs do not present a statistically significant increased risk of clinically significant 

bleeds. While patients on DOACs were more likely to suffer minor bleeds, the Outcomes 

Registry for Better Informed Treatment of Atrial Fibrillation (ORBIT-AF) study suggests 

nuisance bleeding is not associated with a higher risk of major bleeding, stroke, or systemic 

embolism within 6 months [31].

It is possible that we did not note a difference between risk of TEs and clinically significant 

bleeds when comparing DOACs to warfarin because the warfarin cohort did not have a 

sufficiently high TTR (57%). Our TTR only represents about one-third of the total warfarin 

cohort due to incomplete INR documentation, so it is difficult to say whether low TTR is 

representative of our patient population. The paucity of data highlights one of the difficulties 

of medication and testing compliance in this population of patients.

Thrombotic and Embolic Complications and Bleeding Events Overall

In our study, there was a TE prevalence between 5.6 and 11.2% depending on which therapy 

was used, with no statistically significant difference between the treatment groups. While 

we noted that C HA2DS2-VASc score was not predictive of TEs, univariate and multivariate 

analysis identified NYHA ≥ 2 and a diagnosis of heart failure as additional risk factors for 

TEs.

We found that DOAC and warfarin patients had similar rates of nonmajor and major 

bleeding events. While we noted that HAS-BLED score was not predictive of bleeding 

events, univariate and multivariate analysis identified bleed history/predisposition as a risk 

factor. We believe that, in those patients that meet indications for anticoagulation, have a 

bleed history/predisposition, and are likely to receive care in a setting without ready access 

to DOAC reversal agents, the use of warfarin may be more prudent.

Limitations

Although we present one of the larger studies of its kind, there are still fewer than 50 

DOAC patients with median time on therapy of 11 months, making it difficult to assess 

lifelong risk. Furthermore, this is a retrospective study, with wide confidence intervals. In 

the warfarin cohort, only limited INR data was available; however, calculated TTR was 

incrementally lower than the presumed target and may have reduced relative effectiveness of 

warfarin therapy in our population. Given the above limitations, this study would at most be 

considered exploratory.
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Conclusion

We show that there is no statistically significant difference in TEs or clinically significant 

bleeds, at least in the short term, when comparing patients on DOACs to those on warfarin. 

Both patient groups demonstrated similar rates of TEs. We identified CHF as a risk factor 

for TEs. We also identified bleed history/predisposition as a risk factor for clinically 

significant bleeding events. The current studies pave the way for a much-needed randomized 

control trial to evaluate the noninferiority of DOACs in comparison to warfarin for the 

prevention of TEs in adult Fontan patients. We look forward to the data that will become 

available in the next few years from the NOTE Registry (an international registry on the 

safety and efficacy of DOACs in ACHD) and the ongoing study by the team behind the 

PROTECT-AR study (a prospective, observational, multicenter study on the safety and 

efficacy of apixaban in the prevention of thromboembolism in ACHD patients and atrial 

arrhythmias).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Availability of Data and Material

Available upon request.
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Fig. 1. 
Freedom from thrombotic and embolic complications comparing patients on warfarin to 

those on DOACs. p represents log-rank p value. Kaplan–Meier curves comparing patients on 

warfarin to those on DOACs
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Fig. 2. 
Risk factors for thrombotic and embolic complications. OR, odds ration; BMI, body mass 

index; LV, predominantly systemic left ventricle; RV, predominantly systemic right ventricle; 

AP, atriopulmonary Fontan subtype; LT, lateral tunnel Fontan subtype; ECC, extracardiac 

conduit Fontan subtype; CHA2DS2-VASc ≥ 2, CHA2DS2-VASc score for atrial fibrillation 

stroke risk 2 or greater; NYHA ≥ 2, New York Heart Association heart failure symptom 

classification 2 or greater; HTN, hypertension; CHF, congestive heart failure; TE Hx, 

history of thrombotic or embolic complication; DM, diabetes mellitus; Renal disease, 

history of chronic kidney disease; Liver disease, history of liver disease; Labile INR, labile 

international normalization ratio with time in therapeutic range < 60%. Forest plot
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Fig. 3. 
Freedom from minor bleeds comparing patients on warfarin to those on DOACs. p 
represents log-rank p value. Kaplan–Meier curves comparing patients on warfarin to those 

on DOACs
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Fig. 4. 
Freedom from nonmajor bleeds comparing patients on warfarin to those on DOACs. p 
represents log-rank p value. Kaplan–Meier curves comparing patients on warfarin to those 

on DOACs
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Fig. 5. 
Freedom from major bleeds comparing patients on warfarin to those on DOACs. p 
represents log-rank p value
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Fig. 6. 
Freedom from clinically significant bleed comparing patients on warfarin to those on 

DOACs. p represents log-rank p value. Kaplan–Meier curves comparing patients on warfarin 

to those on DOACs
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Fig. 7. 
Risk factors for clinically significant bleeds. OR, odds ratio; BMI, body mass index; 

LV, predominantly systemic left ventricle; RV, predominantly systemic right ventricle; 

AP, atriopulmonary Fontan subtype; LT, lateral tunnel Fontan subtype; ECC, extracardiac 

conduit Fontan subtype; NYHA, New York Heart Association heart failure symptom 

classification; HAS-BLED ≥ 2, HAS-BLED Score for Major Bleeding greater than 2; Renal 

disease, history of chronic kidney disease; Liver disease, history of liver disease; Stroke Hx, 

history of cerebrovascular accident; Bleed Hx, history of major bleed; Labile INR, labile 

international normalization ratio with time in therapeutic range < 60%. NSAIDs/antiplat: 

concurrent use of nonsteroidal antiinflammatory drugs or antiplatelet medication; Alcohol: 

drinking the equivalent of 8 or more alcoholic beverages per week. Forest plot
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Table 2

Baseline characteristics

DOAC (n = 48) Warfarin (n = 107) p value

CHA2DS2-VASc score

 0 11 (22.9) 16 (15.0) 0.25

 1 13 (27.1) 39 (36.4)

 2 12 (25.0) 23 (21.4)

 3 8 (16.7) 18 (16.8)

 4 2 ( 4.2) 6 (5.6)

 5 2 ( 4.2) 0

 N/A 0 5 (4.7)

NYHA classification

No CHF 18 (37.5) 61 (57.0) 0.15

 1 7 (14.6) 11 (10.3)

 2 17 (35.4) 28 (26.2)

 3 6 (12.5) 7 (6.5)

HASBLED score

 0 22 (45.8) 38 (35.5) 0.61

 1 15 (31.3) 33 (30.8)

 2 10 (20.8) 23 (21.5)

 3 1 ( 2.1) 5 (4.7)

 4 0 3 (2.8)

 N/A 0 5 (4.7)

Bleed Hx 2 (4.2) 5 (4.7)† 1.00

TE Hx 11 (22.9) 27 (25.2)* 0.84

Diabetes mellitus 2 (4.2) 4 (3.7)* 1.00

Renal dysfunction 2 (4.2) 4 (3.7) 1.00

Liver disease 14 (29.2) 30 (28.0) 1.00

Labile INR 4 (8.3)* 7 (6.5) 0.74

Values are n (%). Bleed Hx, bleed history or predisposition; CHF, congestive heart failure; TE Hx, history of thrombotic/embolic complications; 
INR, international normalized ratio.

*
One patient converted to positive history during therapy re-initiation.

†
The number of warfarin patients with a bleed history/predisposition is underestimated because 7 patients initially did not have a bleed history/

predisposition, and then had a bleeding event while on warfarin, and were ultimately restarted on warfarin because of high TE risk. Including these 
7 patients who re-started warfarin after a bleeding event increases the proportion of warfarin patients with a bleed history/predisposition from 4.7 to 
11.2%, although the p value is not statistically significant when compared to DOAC patients (p = 0.23)
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Table 3

Thrombotic and embolic complications (TEs)

DOAC (n = 48) Warfarin (n = 107) p value

TEs 3 (6.3) 12 (11.2) 0.33

Values are n (%)
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Table 4

Bleeding events

DOAC (n = 48) Warfarin (n = 107) p value

Minor bleed 11 (22.9) 19 (17.8) 0.89

Nonmajor bleed 3 (6.3) 6 (5.6)

Major bleed 4 (8.3) 9 (8.4)

Values are n (%)
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