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ABSTRACT

Objective Patients with Fontan surgery experience

late complications in adulthood. We studied the factors
associated with the development and maintenance of
atrial arrhythmias and thromboembolic complications in an
adult population with univentricuar physiology post Fontan
surgery.

Methods Single centre retrospective cohort study of
patients >18 years of age with Fontan circulation followed
at our quaternary care centre for more than 1year were
included. Univariate and multivariate regression models
were used where applicable to ascertain clinically
significant associations between risk factors and
complications.

Results 93 patients were included (age 30.2+8.8

years, 58% men). 28 (30%) had atriopulmonary Fontan
connection, 35 (37.6%) had lateral tunnel Fontan and

29 (31.1%) had extracardiac Fontan pathway. After a
mean of 7.27+5.1 years, atrial arrhythmia was noted in
37 patients (39.8%), of which 13 developed had atrial
fibrillation (14%). The presence of atrial arrhythmia was
associated with the number of prior cardiac surgeries/
procedures, increasing age and prior atriopulmonary
Fontan operation. Thromboembolic events were present

in 31 patients (33%); among them 14 had stroke (45%), 3
had transient ischaemic attack (9.7%), 7 had pulmonary
embolism (22.6%) and 5 had atrial thrombus with imaging
(16.1%). The presence of thromboembolic events was
only associated with age and the presence of cirrhosis in
multivariate analysis.

Conclusions Atrial arrhythmias are common in adults
with Fontan circulation at an early age, and are associated
with prior surgical history and increasing age. Traditional
risk factors may not be associated with atrial arrhythmia
or thromboembolism in this cohort.

INTRODUCTION

The Fontan procedure was first described
in 1971 independently by Drs Fontan and
Kreutzer.' * It has since been used as a pallia-
tive procedure for children born with univen-
tricular congenital heart disease. Since its
inception, several modifications have been
made, leading to three general variations
in contemporary practice: atriopulmonary

Key questions
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What is already known about this subject?

» Adults with congenital heart disease are known to
suffer late complications including arrhythmia and
thromboembolic events. However, the population is
highly variable depending on underlying pathology
and surgical correction. The rate of atrial arrhythmia
and thromboembolic complications in adult patients
with Fontan circulation is poorly described.

What does this study add?

» This study adds to a small body of literature that
describes the late complications in adult patients
with Fontan physiology. The risk of atrial arrhythmia
and thromboembolism are described in a cohort of
patients with medium-term follow-up duration.

How might this impact on clinical practice?

» Understanding the rate of atrial arrhythmia and
associated thromboembolic events may help clini-
cians tailor screening and therapeutic strategies to
prevent late complications, thereby reducing overall
morbidity and mortality.

connection, intracardiac lateral tunnel
connection and extracardiac connection.?

While the procedure significantly improved
survival during early infancy, a variety of extra-
cardiac and cardiac complications including
Fontan circuit failure are observed in medium
to long-term follow-up. The failure of a Fontan
circuit is a harbinger for arrhythmic and
thromboembolic (TE) complications, both
of which contribute to a significant burden
of morbidity and mortality.*™ However, the
types of atrial arrhythmias affecting adults
with congenital heart disease (ACHD) are
poorly understood, and data describing risk
factors associated with atrial arrhythmia are
scarce X! Similarly, thromboembolic compli-
cations in adults with Fontan circulation from
atrial arrhythmias are poorly described and
there remains a paucity of tools to predict
thromboembolism.'?
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We performed a cohort study to understand the clin-
ical characteristics and natural history of adult patients
with Fontan circulation followed at our centre. We
describe the risk factors associated with atrial arrhythmia
and thromboembolism in adults with repaired univen-
tricular congenital heart disease with Fontan proce-
dure. We hypothesised that patients with Fontan
physiology would have high rates of atrial arrhythmia and
thromboembolism.

METHODS

We performed a retrospective chart review of all patients
who had been followed by our ACHD clinic from
November 1997 to November 2017 at St Paul’s Hospital
in Vancouver, Canada, to identify eligible patients for this
study. St Paul’s Hospital is the single referral centre for
adult congenital heart disease in the province of British
Columbia. Patients who were =18 years of age with a
previously palliative Fontan operation were included in
this study. Patients with <l-year follow-up were excluded.

Data was collected regarding demographic informa-
tion, underlying diagnoses, comorbidities, arrhythmic
details, thromboembolic details and medications at most
recent contact. As many patients were transitioned from
paediatric care to our ACHD clinic, the follow-up period
was calculated by the difference between first intake visit
at our clinic, and the most recent follow-up date. Age
was defined as the age at last ACHD clinic contact. All
arrhythmic diagnoses were confirmed by 12-lead surface
electrocardiography or 24-hour Holter monitoring,
and verified by certified cardiologists. The duration of
arrhythmic diagnoses were obtained as much as possible
from retrospective review. Thromboembolic phenomena
were confirmed by imaging modalities including echo-
cardiography, CT and ultrasonography. The presence of
thromboembolism was confirmed by qualified congen-
ital echocardiographers and radiologists, depending on
the specified modality. The number of cardiac surgeries/
procedures was defined as the total number of cardiac
surgeries or catheter-based procedures leading to inter-
vention. Diagnostic studies were notincluded. Procedures
that did not involve direct cardiac tissue manipulation
were not included.

Statistical analysis was performed with standard statis-
tical software including Microsoft Excel and IBM SPSS
Statistics software. Mean values were calculated for
continuous variables and reported with the associated
SD. Fisher’s exact test was used to compare categorical
values, and a Student’s t-test was used to compare cate-
gorical and continuous variables. A logistic regression
model was used to compare risk factors to outcomes, and
a multivariate regression model was used where several
predictors were hypothesised to influence outcome.

RESULTS
Atotal of 126 patients were identified as potentially eligible
for this study by diagnostic coding reference. Ninety-three

Table 1 Baseline demographic and clinical characteristics
Demographic Value
Male (n,(%)) 54,(58%)
Age (years) 30.2+8.8
ACHD follow-up (years) 7.27+5.1
Total follow-up (years) 2809
Average cardiac surgeries/procedures 4.07+1.59
Clinical characteristic, n (%)
Fontan type
Atriopulmonary 28 (30.1)
Lateral tunnel 35 (37.6)
Extracardiac 29 (31.1)
AV regurgitation
None/trivial 41 (44.1)
Mild 31(33.3)
Moderate 16 (17.2)
Severe 2(2.2)
Systemic ventricle
Lv 69 (74.2)
RV 21 (22.6)
Systolic dysfunction
None 50 (53.8)
Mild 31(33.3)
Moderate 9(9.7)
Severe 1(1.1)
Medication, n (%)
ASA 27 (29.0)
Warfarin 49 (52.7)
DOAC 3(3.2)
LMWH 2(2.2)
ACEi 33(35.5)
BB 29 (31.2)
Digoxin 11 (11.8)
Diuretic 16(17.2)
Amiodarone 5(5.4)
Sotalol 8 (8.6)

ACEi, angiotensin converting enzyme inhibitor; ASA,
acetylsalicylic acid; AV, atrioventricular; BB, beta blocker;
DOAC, direct oral anticoagulant; LMWH, low molecular weight
heparin; LV, left ventricle; RV, right ventricle.

patients met final inclusion criteria for this study, of which
54 (58.1%) were men with a mean age of 30.2 SD 8.8 years
(tables 1 and 2). The majority of patients (n=35, 37.6%)
had a lateral tunnel connection, whereas 29 (31.2%) had
an extracardiac connection, with the remainder (n=28,
30.1%) having an atriopulmonary connection. The mean
age at the time of Fontan completion was 7.9 years.

Atrial arrhythmia
The presence of atrial arrhythmia was significant in this
population, with 37 (39.8%) patientshavingadocumented
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Table 2 Baseline demographics stratified by age

Age Cirrhosis
range Fontan type Follow-up present
<30 Classic = 7 4.0 + 2.4 years 3

Lateral = 18

Extra-cardiac = 25

Unknown = 1
30-40 classic =13 11.6 = 4.4 years 3

Lateral = 14

Extra-cardiac = 1
40-50 Classic = 5 11.5 £ 5.8 years 2

Lateral = 0

Extra-cardiac = 1
> 50 Classic = 3 11.0 = 4.8 years 1

Lateral = 2
Extra-cardiac = 1

ACHD, adults with congenital heart disease; DOAC, direct oral
anticoagulant.

history of some type of atrial arrhythmia during their life-
time (table 3). The most common recorded arrhythmias
were atrial fibrillation (n=13, 14.0%), atrial flutter (n=16,
17.2%) and ectopic atrial tachycardia (n=16, 17.2%).

In multivariate regression, age was significantly associ-
ated with the presence of any atrial arrhythmia (OR 1.10;
95% CI (1.03 to 1.18)). A history of an atriopulmonary
Fontan connection (OR 5.77; 95% CI (1.80 to 18.48))
and the total number of lifetime cardiac surgeries or
procedures (OR 1.50; 95% CI (1.06 to 2.12)) were signif-
icant predictors of a composite of atrial arrhythmias.

Table 3 Arrhythmic and thromboembolic events

N (%)
Atrial arrhythmia
AF 13 (14.0)
AFL 16 (17.2)
EAT 16 (17.2)
Other 1(1.1)
No AA 56 (60.2)
Ablation 5(5.4)
DCCV 11 (11.8)
Thromboembolism
CVA 14 (15.1)
TIA 3(3.2)
PE 7(7.5)
DVT 4(4.3)
RA thrombus 4(4.3)
Other 8(8.6)
No TE 62 (66.7)

AA, atrial arrhythmia; AF, atrial fibrillation; AFL, atrial flutter; CVA,
cerebrovascular accident; DCCV, direct current cardioversion;
DVT, deep venous thrombosis; EAT, ectopic atrial tachycardia; PE,
pulmonary embolism; RA, right atrial; TE, thromboembolism; TIA,
transient ischaemic attack.

The degree of atrioventricular valve regurgitation was
not associated with the presence of atrial arrhythmia
(table 4).

There were relatively few events of traditional meta-
bolic risk factors such as recorded systemic hypertension
or diabetes mellitus in this study, resulting in insufficient
data for robust multivariate analysis.

Thromboembolism

A total of 41 life-time thromboembolic events were
recorded in our population, occurring in 31 patients
(33.3%). This accounted for an annual thromboem-
bolic event rate of 1.46%. The majority of these events
(n=17, 41.5%) were cerebrovascular accidents (CVA) or
transient ischaemic attacks (TIA). Other thromboem-
bolic events included pulmonary embolism, deep venous
thrombosis and right atrial thrombus (table 2).

In multivariate regression, a history of cirrhosis was
predictive of the presence of any thromboembolic event
(OR 6.28; CI (1.27 to 31.05)). Age was also associated
with thromboembolism (OR 1.06; 95% CI (1.00 to 1.13)),
but the presence of atrial arrhythmia was not (OR 0.41;
95% CI (0.13 to 1.37) (tables 5 and 6).

In subgroup analysis of patients with a history of CVA
or TIA, the presence of congestive heart failure (CHF)
was significantly associated with having CVA/TIA (OR
12.47; 95% CI (1.37 to 113.94)) table 7. The impact of
anticoagulation and antiplatelet therapy as thromboem-
bolic prophylaxis could not be captured in this multi-
variate regression model due to a lack of data regarding
temporal prescription practices.

Anticoagulation

In the subgroup of patients with thromboembolism,
there was a variety of anticoagulation practices at the time
of thromboembolism. Due to the retrospective nature of
this study, and the reality that many events were quite
remote, data was incomplete and the anticoagulation
status was not available for 18 (45%) patients. Nine out of
40 events (22.5%) occurred while patients were on ther-
apeutic anticoagulation with warfarin. No patients were
on direct oral anticoagulants at the time of thromboem-
bolism table 7.

DISCUSSION
This study describes our experience reporting late compli-
cations of an adult population with repaired univentricular
circulation. Unlike previous studies that describe arrhythmic
and thromboembolic complications in the perioperative
and early postoperative periods, our study reflects a popula-
tion of patients with Fontan physiology who have survived to
adulthood. These patients become susceptible to the conse-
quences of abnormal haemodynamics, leading to arrhythmic
and thromboembolic complications as the Fontan circuit
fails.

The adult population described in this study is a relatively
young cohort (mean age 30.2+8.8 years) with a lifetime
follow-up of 2809 patientyears. The prevalence of atrial
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Table 4 Risk factors associated with having any atrial arrhythmia

Characteristic Univariate (95% CI) P value Multivariate (95% CI) P value
Atriopulmonary Fontan 6.91 (2.57 to 18.60) <0.001 5.77 (1.80 to 18.48) 0.003
Age 1.12 (1.05 to 1.19) 0.001 1.10 (1.03 to 1.18) 0.006
Number of cardiac surgeries/procedures 1.22 (0.93 10 1.61) 0.15 1.50 (1.06 to 2.12) 0.021
Cirrhosis 6.18 (1.21 to 31.69) 0.03 6.90 (0.96 to 49.60) 0.06

Table 5 Risk factors associated with history of
thromboembolic events

Univariate Multivariate
Characteristic (95% Cl) (95% Cl) P value
Age 1.05 (1.00 to 1.11) 1.06 (1.00 to 1.12) 0.05
Cirrhosis 5.22 (1.20 to 22.62) 5.44 (1.13 t0 26.21) 0.04
Any AA 1.32 (0.54 t0 3.22) 0.65 (0.22 t0 1.93) 0.44

AA, atrial arrhythmia.

Table 6 Risk factors associated with history of CVA/TIA
Univariate (95% ClI)
Age 1.03 (0.98 t0 1.10)
Number of cardiac surgeries/procedures 1.19(0.85 10 1.67)

CHF 8.54 (1.30 to 56.17)

AF 1.52 (0.37 t0 6.31)

Characteristic

AF, atrial fibrillation; CHF, congestive heart failure; CVA,
cerebrovascular accident; TIA, transient ischaemic attack.

Table 7 Anticoagulation status of patients at the time of
thromboembolism

Anticoagulation status n=40
None 5 (12.5%)
ASA only 8 (20%)
Warfarin only 7 (17.5%)
ASA + warfarin 2 (5%)
Unknown 18 (45%)

ASA, acetylsalicyclic acid.

arrhythmia in this young population was high at 39.8%. This
is significantly higher than prior studies in paediatric popu-
lations describing atrial arrhythmic rates of 4% to 17%." 1
While atrial arrhythmia does not portend the same mortality
as ventricular arrhythmias, these events still lead to signifi-
cant morbidity and mortality due to associated complications
such as systemic thromboembolism. In addition, patients
with Fontan circulation are inherently at an increased risk of
thromboembolic complications due to the lack of a subpul-
monic pump. As a result, the addition of atrial arrhythmia as
an additional risk factor may significantly exacerbate throm-
boembolic risk.

Our study also demonstrates that cardiovascular surgeries
and procedures act as a significant risk factor for the develop-
mentof atrial arrhythmia. The presence of an atriopulmonary

connection was associated with an increased risk of devel-
oping atrial arrhythmia. We hypothesise that this may be due
to the burden of atrial scar produced by surgical manipula-
tion of the right atrium itself. In addition, the total lifetime
number of cardiac surgeries or interventional procedures
was also associated with the development of atrial arrhythmia.
This may be attributable to increased scar burden as a result
of multiple intracardiac procedures.

One-third of the patients in our study cohort experienced
a thromboembolic event. This is a significant thromboem-
bolic event rate given the young age of this cohort, and
somewhat higher than previous studies reporting thrombo-
embolic rates of 0% to 20%.° It should however be noted
that this figure represents the total thromboembolic rate, as
it was difficult to discern the effect of anticoagulation and
antiplatelet therapy in this retrospective study. Given these
limitations, the only significant predictors for a composite
of thromboembolic events were age and the presence of
cirrhosis by CT imaging or abdominal ultrasonography.
However, this should be interpreted cautiously as the diag-
nosis of cirrhosis is definitively achieved by tissue biopsy,
which was not available for most patients.

Interestingly, the presence of atrial arrhythmia was not a
significant predictor of thromboembolism in this group.
From population-based studies, we know that the presence
of atrial arrhythmia is a predictor of systemic thromboem-
bolism, and in fact is the rationale behind prophylaxis with
antithrombotic therapy."”™” Our analysis was somewhat
discordant, which may be reflective of a small sample size.
One potential risk factor identified in this study is the pres-
ence of cirrhosis. Cirrhosis and Fontan-associated liver disease
are late complications of a Fontan circulation. The associa-
tion with thromboembolism may be explained by concom-
itant Fontan circuit failure leading to stasis and increased
Fontan circuit pressures. An alternative explanation may
be the coagulopathy that is well-recognised in patients with
cirrhosis. The relationship between cirrhosis and stroke has
been previously described in the general population,'® and a
similar relationship may be present in Fontan patients. The
combination of these factors may lead to an increased throm-
boembolic potential.

Our analysis also suggests an association between CHF and
CVA/TIA. While this was significant in multivariable model-
ling, the finding should be interpreted with caution due to
the small number of patients in this subgroup. The defini-
tion of CHF in this study was based on clinical diagnostic
codes, rather than robust quantitative criteria. However,
a relationship between heart failure and CVA/TIA could
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be plausible in this population with structurally abnormal
hearts where increasing Fontan circuit pressures may lead to
vascular endothelial dysfunction and increased thromboem-
bolic potential.

We therefore suspect that our multivariate model was
unable to capture other risk factors that affect thrombo-
embolic risk. This may be at least partially explained by the
presence of antiplatelet or anticoagulant therapy. Due to the
nature of our retrospective study, we were unable to deter-
mine the status, adherence or compliance of antithrombotic
medications surrounding events. In our centre, patients are
closely followed by specialists in dedicated adult congenital
heart disease. If patients at high risk of developing throm-
boembolism—such as patients with atrial arrhythmia—were
appropriately identified and treated with prophylaxis,
perhaps this would account for a lower risk of thromboem-
bolism in this population. Similarly, our study was unable to
capture the effect of fenestration and fenestration closure in
this population.

LIMITATIONS

We recognise that our study has several inherent limitations.
This is a single centre study describing our experience, and
the specific findings may not be generalisable to the greater
ACHD population. The nature of a retrospective observa-
tional study introduces multiple confounders that may affect
the validity and reproducibility of this study. In addition, we
did not have access to arrhythmic data from intracardiac
devices, which may affect the completeness of data collected.
However, the data obtained over 2809 patientyears of
follow-up has provided meaningful insight into the natural
history of this abnormal haemodynamic physiology. Further,
as our understanding of adult congenital heart disease
continues to evolve, so do treatment guidelines which may
explain some of the variability in data, outcomes and manage-
ment. Finally, it should be noted that these data only reflects
the cohort of patients who have survived long enough to be
followed at an adult congenital heart disease clinic. Many
patients with Fontan circulation do not survive to adulthood
and this study cannot be generalised to younger patients.

CONCLUSIONS

Adult patients with Fontan circulation have a high risk of
arrhythmic and thromboembolic complications. The devel-
opment of atrial arrhythmias may be associated with cardi-
ovascular surgical history, advancing age and the presence
of cirrhosis. There may also be a relationship between the
presence of hepatic dysfunction and systemic thromboembo-
lism. However, these findings need to be confirmed in larger
cohorts.
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