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Abstract

The adult congenital heart disease (ACHD) population
continues to grow and most cardiologists, emergency
room physicians and family doctors will intermittently
come into contact with these patients. Oftentimes this
may be in the setting of a presentation with atrial tach-
yarrhythmia; one of the commonest late complications of
ACHD and problem with potentially serious implications.
Providing appropriate initial care and ongoing management
of atrial tachyarrhythmia in ACHD patients requires a
degree of specialist knowledge and an awareness of
certain key issues. In ACHD, atrial tachyarrhythmia is
usually related to the abnormal anatomy of the underlying
heart defect and often occurs as a result of surgical
scar or a consequence of residual hemodynamic or
electrical disturbances. Arrhythmias significantly increase
mortality and morbidity in ACHD and are the most
frequent reason for ACHD hospitalization. Intra-atrial
reentrant tachycardia and atrial fibrillation are the most
prevalent type of arrhythmia in this patient group. In
hemodynamically unstable patients, urgent cardioversion
is required. Acute management of the stable patient
includes anticoagulation, rate control, and electrical or
pharmacological cardioversion. In ACHD, rhythm control
is the preferred management strategy and can often
be achieved. However, in the long-term, medication
side-effects can prove problematic. Electrophysiology
studies and catheter ablation are important treatments
modalities and in certain cases, surgical or percutaneous
treatment of the underlying cardiac defect has a role.
ACHD patients, especially those with complex CHD,
are at increased risk of thromboembolic events and
anticoagulation is usually required. Female ACHD patients
of child bearing age may wish to pursue pregnancies.
The risk of atrial arrhythmias is increased during pre-
ghancy and management of atrial tachyarrhythmia during
pregnancy needs specific consideration.

Key words: Congenital heart disease; Arrhythmia; Adult;
Ablation
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Core tip: This review highlights the importance of
atrial tachyarrhythmia in adult congenital heart disease
(ACHD) patients. It discusses causative mechanisms
of arrhythmia, treatment of arrhythmia in the acute
setting and on a long-term basis, including: Medications,
catheter ablation, and anticoagulation. We include
specific comments on the treatment of arrhythmias in
ACHD patients who are pregnant.
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INTRODUCTION

With an estimated incidence of 9 per 1000 live births,
congenital heart disease (CHD) is the most frequent major
birth defect™. Improved diagnosis and management have
led to recent rapid growth in numbers of adult survivors,
particularly in the subset of patients with complex heart
lesionst?. Individuals with adult congenital heart disease
(ACHD) often have residual cardiac lesions that promote
abnormal hemodynamics and electrical disturbance.
Electrical abnormalities are exacerbated by surgical scar,
prosthetic patches and diffuse myocardial fibrosis and
increasingly as these patients age, by the additional
burden of traditional cardiovascular risk factors®*, It
is perhaps not surprising that arrhythmia is one of the
most important problems faced by ACHD patients and
has become the leading cause of ACHD hospitalization™.
In this population, atrial arrhythmia is far more common
than ventricular and is associated with substantial morbidity
and mortality.

Atrial arrhythmia in ACHD occurs with a prevalence 3
times greater than that seen in the general population®.
The risk increases with age” and varies according to
underlying congenital cardiac anomaly (Table 1%},
The prevalence is greatest in those with complex defects
where it is estimated at > 50% by the age of 65 years™.
Atrial arrhythmias in ACHD can herald adverse or declining
intra-cardiac hemodynamics and their occurrence is a
risk factor for other significant clinical events®®'”), Prompt
diagnosis and appropriate management may help avoid
important complications, the risks of which are higher
in specific ACHD subgroups. In patients with simple
lesions™, atrial arrhythmia can be managed in a similar
manner to arrhythmia in patients with structurally normal
hearts. However, for patients with lesions of moderate
or high complexity™®, involvement of an ACHD specialist
and/or electrophysiologist with subspecialty expertise is
recommended”*®), Most ACHD patients with arrhythmia

Raishidenge ~ WJC | www.wjgnet.com

497

Karbassi A et a/. Atrial arrhythmia in ACHD

will initially present locally, to general cardiologists, family
physicians and emergency doctors and given population
demographics, it is increasingly likely these care providers
will encounter such patients. This review is intended to
raise awareness of atrial arrhythmia as a complication of
ACHD and of the necessary caveats to deliver care safely.
It focuses on issues seen frequently in our day-to-day
dlinical practice and of importance to primary care providers.
For a more comprehensive analysis and further reading we
suggest the 2014 PACES/HRS Expert Consensus Statement
on the Recognition and Management of Arrhythmias in
Adult Congenital Heart disease!"”".

CLINICAL IMPLICATIONS OF ATRIAL
TACHYARRHYTHMIA IN ACHD

Given the retrospective and observational nature of most
studies, teasing out “cause and effect” for the clinical
implications of atrial arrhythmia in ACHD is challenging.
However, it is certain that ACHD patients who develop
atrial arrhythmia are at increased risk of other adverse
clinical events. In their large (n > 38000) analysis of
Quebec’s ACHD patients, Bouchardy et af®’ found patients
with a history of atrial arrhythmia experienced a 50%
increase in mortality, a 100% increase in stroke or
heart failure and a 300% increase in the risk of cardiac
interventions, as compared those with no history of atrial
arrhythmia. These findings from a large and heterogeneous
ACHD population are borne out by those from smaller
studies of diagnosis-specific cohorts. Two large multi-
center studies identified atrial arrhythmia as a powerful
predictor of mortality and/or ventricular tachycardia in
patients with tetralogy of Fallot (TOF)!"*?%. In a single-
centre study of 321 Fontan patients “clinically relevant
arrhythmia” was the strongest predictor of outcome,
increasing the risk of death or transplant 6-fold*". In
our own cohort of Mustard patients, patients who had
experienced an atrial arrhythmia had worse subaortic
right ventricular (RV) function and more tricuspid regur-
gitation than those who had not**?,

TYPES OF ATRIAL TACHYARRHYTHMIA

IN ACHD AND THEIR MECHANISMS

Any type of atrial tachyarrhythmia can occur in ACHD
patients. However, by nature of their underlying heart
defects and previous surgeries, some subtypes are
more frequently encountered than others. Intra-atrial
reentry tachycardia (IART) is the sub-type encountered
most frequently at the current time™. This may change
as the ACHD patient population ages and increases
in the incidence of atrial fibrillation have been already
noted®**®, Atrioventricular nodal reentry, typical atrial
flutter and focal atrial tachycardias”*” are also seen and
atrial arrhythmia mediated by accessory pathway(s) is a
particular idiosyncrasy of patients with Ebstein anomaly
of the tricuspid valve™”.
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Table 1 Summary of studies describing the prevalence of arrhythmia in adult congenital heart disease

Ref. Diagnosis No. of patients in study Duration of follow-up (yr)  Prevalence of atrial arrhythmia (%)

[8] Fontan 94 11 41

[9] Fontan 334 9 16

[10] TGA: Mustard or Senning 86 Mustard 8 48

[11] TGA: Mustard or Senning 60 Mustard Mustard 16 Mustard 28.8
62 Senning Senning 11 Sennign 11.9

[12] TGA: Arterial switch 374 19 2

[13] Ebstein anomaly 285 20 36

[14] Tetralogy of Fallot 242 16 12

[15] Repaired AVSD 300 11 14

[16] Repaired ASD 213 4 14

TGA: Transposition of great arteries; AVSD: Atrio-ventricular septal defect; ASD: Atrial septal defect.

Intra-atrial reentry tachycardia and atrial flutter

Macro reentry circuits within the atria of people without
CHD usually produce typical isthmus-dependent atrial
flutter, which can also occur in patients with ACHD.
However, the scarred, dilated and thickened atria of
ACHD patients produce additional barriers to conduction
and promote macro reentry pathways independent of
the tricuspid valve-inferior vena cava isthmus with low
voltage electrocardiogram (ECG) signals and without
the typical saw-toothed p-wave appearance of flutter
waves. We refer to this type of arrhythmia as IART. With
atrial rates ranging from 150-200 per minute, IART is
usually slower than typical flutter and has a stable cycle
length and p wave morphology®®”. Although both IART
and atrial flutter can occur in ACHD and may coexist
in individual patients”®* in our experience IART is the
more frequently encountered and so we use this term
preferentially when discussing atrial macro reentry in
ACHD patients.

IART is the most common arrhythmia in adults with
an atrial redirection procedure (Mustard or Senning
operation) for transposition of the great arteries (TGA)
and also in those with a Fontan circulation®®!, IART is
also prevalent in patients with repaired TOF and reported
to be an important cause of morbidity!*>%, While the
occurrence of atrial arrhythmia in ACHD increases with
time!® and subaortic ventricular dysfunction is a gene-
ralized risk factor™, more specific risk factors for IART
have been identified in some subgroups. In patients
with TGA and an atrial redirection procedure identified
IART risk factors include: A Mustard procedure®, the
occurrence of perioperative bradyarrhythmia, need for
reoperation and loss of sinus rhythm during follow-up®®.
Older age at operation, history of an atrial septectomy,
and an atriopulmonary connection have been identified
as risk factors for IART in the Fontan population™**%,

The propagation route for an IART circuit differs de-
pending on the anatomic defect and type of surgical
repair™. The pathway is often restricted to right atrial
tissue, modified by regions of fibrosis from previous suture
lines, patches, and baffles which act in combination with
natural conduction barriers like crista terminalis, valve
orifices, and the superior and inferior caval orifices to
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channel the wave front along a macroreentrant loop™***. If

a tricuspid valve is present, the isthmus between the valve
ring and the inferior vena cava is often involved in such
circuits, but in the absence of tricuspid valve or if there
is a deformed valve, the circuit path is less predictable
and can usually only be identified by electrophysiological
mapping®. Multiple IART pathways can be present in
the same patient'*".

In the setting of a healthy AV node A:V conduction
may occur 1:1. If so, the resultant fast ventricular rhythm
can produce hypotension, syncope, or possibly cardiac
arrest in ACHD patients who often have abnormal baseline
hemodynamics or impaired ventricular function®. Rapid
conduction is of particular concemn in patients with atrial
baffles (Mustard and Senning) who are unable to augment
sub-aortic RV filling rates and stroke volume during tachy-
cardia®*’ and also in patients with a single ventricle
physiology. The clinical picture of instability combined
with tachycardia sometimes give rise to erroneous inter-
pretation of the rhythm as being of ventricular origin.
We see this mistake made most frequently in patients
with TOF, since they usually have a baseline broad RBBB
which persists during atrial tachycardia.

Conversely, in patients who remain clinically stable,
IART with 2:1 or 3:1 conduction can easily be misinter-
preted as sinus rhythm on the surface ECG of a patient
with ACHD. This is not infrequently encountered in patients
with a Fontan circulation or atrial redirection procedure
for TGA. These patients often experience IART with a
ventricular rate only slightly above their baseline rate
and may have fractionated, difficult to see p-waves.
Reviewing previous ECGs is often key to establishing the
correct diagnosis. Hidden p-waves may be uncovered
by vagal maneuvers or intravenous adenosine infusion,
which can be useful when used with caution if still
uncertain®®. A high degree of clinical suspicion is required
when interpreting the ECG in an adult CHD patient who
presents with palpitations, especially if that patient has a
Fontan or Mustard/Senning circulation (Figures 1 and 2).

Atrial fibrillation

Atrial fibrillation is the result of multiple micro reentry
circuits and in ACHD is less prevalent than IART. A single-
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A Veat rate 86 BPM AV dual-paced rhythm B Veat rate
PR interval 142 ms Abnormal ECG PR interval
QRS duration 234 ms QRS duration
QT/QTc 512/612 ms QT/QTc
P-R-T axes -57 132 P-R-T axes
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107 BPM  Unusual P axis, possible ectopic atrial tachycardia
ms AV sequential or dual chamber electronic pacemaker

226 ms  Biventricular pacemaker detected
458/611 ms  Cannot rule out inferior infarct (masked by fascicular block?), age undetermined
-59 121 Abnormal ECG

Figure 1 Electrocardiograms from a patient with an interatrial lateral tunnel Fontan for double inlet left ventricle. Patient has an epicardial DDI pacemaker for
management of postoperative complete heart block. A: Atrio-ventricular sequentially paced rhythm. Patient feeling well; B: Grouped beating with V paced beats and
intermittent p-waves. Underlying intra-atrial reentry tachycardia with AV Wenkebach demonstrated on device tracing (not shown). Patient complaining palpitations.

Veat rate 85 BPM  Sinus rhythm with 1% degree A-V block B Veat rate 116 BPM  Sinus rhythm with 1 degree A-V block
PR interval 218 ms  Right bundle branch block PR interval 232 ms Right bundle branch block, plus right ventricular hypertrophy
QRS duration 126 ms  Left posterior fascicular block QRS duration 122 ms Left posterior fascicular block
QT/QTc 476/566 ms  --- Bifascicular block--- QT/QTc 316/439 ms --- Bifascicular block---
P-R-T axes 59 114 25  Cannot rule out inferior infact, age undetermined P-R-T axes 150 25  Cannot rule out inferior infact, age undetermined
Abnormal ECG Abnormal ECG
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Figure 2 Electrocardiograms from a patient with a Mustard procedure. A: Sinus rhythm with 1% degree heart block. Patient feeling well; B: Intra-atrial reentry
tachycardia with 2:1 ventricular conduction, alternate p-waves not seen as overlapping with QRS complexes. Patient complaining palpitations initially. Within 3 h
unable to lie flat, requiring oxygen for desaturation and with pulmonary edema on chest X-ray. Note incorrect automated diagnosis of sinus tachycardia.

centre study of 471 electrical cardioversions in 149 CHD
patients found that 78% were for IART and 22% for
AF?3!, However, the prevalence of AF is increasing as
the ACHD population ages such that this diagnosis is
becoming the most common atrial arrhythmia in older
cohorts. A recent study of 4781 TOF patients across the
age spectrum reported the average age of onset of IART
as 27 years vs 44 years for AF*?, In the same study, AF
was the diagnosis in 10% of arrhythmias seen in patients
born prior to 1961 vs < 1% patients born after 1981%%,
In another cohort of TOF patients AF was the most
prevalent atrial arrhythmia after 55 years of age™'. The
increasing risk of AF with age relates to the underlying
mechanism, which is usually chronic hemodynamic atrial
stress and remodeling as well as increase in conventional
risk factors such as hypertension, diabetes mellitus,
obesity, and sleep apnea. Patients with residual AV valve
regurgitation or left-sided obstructive lesions as well as
those with unrepaired, palliated CHD are particularly
vulnerable to AF??%, patients who have undergone
ablation for IART may go on to experience late atrial
fibrillation in follow-up. During follow-up approximately
30% of patients with surgically closed ASD who had
previously undergone successful catheter ablation for
IART develop AF*”,
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Atrioventricular reentrant tachycardia
Wolff-Parkinson-White syndrome (WPW) occurs in 20%
of cases with Ebstein anomaly of tricuspid valve*'l. The
accessory pathway in Ebstein anomaly is usually located
along the posterior and septal aspect of the tricuspid
ring where the valve leaflets are most abnormal, and
about half of these patients have multiple accessory
pathways'****, Ebstein-like malformation of a left-sided
tricuspid valve is common in congenitally corrected TGA
and often associated with accessory pathway(s)™®.
Tachycardia events for Ebstein patients are of concem in
adult years when there is increased likelihood of coexisting
atrial fibrillation and 1:1 anterograde conduction over the
accessory pathway®,

MANAGEMENT OF ACUTE ATRIAL
ARRHYTHMIAS IN ACHD PATIENTS

Acute management of atrial tachyarrhythmia in hemo-
dynamically stable patients includes anticoagulation to
prevent thromboembolism, rate control, and cardioversion
to restore sinus rhythm. In ACHD patients with simple
anatomy and an atrial arrhythmia of = 48 h or unknown
duration, = 3 wk of anticoagulation or transesophageal
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echocardiography (TEE) is recommended prior to
cardioversion to rule out intra-cardiac thrombus!'”. In
moderate and complex patients who are at higher risk
of thrombosis formation, TEE or 3 wk of anticoagulation
is recommended prior to cardioversion, even if the IART
or atrial fibrillation is less than 48 h in duration!’*,
In our own practice, we are reluctant to leave Fontan
patients or those with a systemic right ventricle in an
atrial tachyarrhythmia for a prolonged period of time, for
fear of deteriorating hemodynamics and/or ventricular
function. Therefore we rarely choose to anticoagulate
and wait three weeks. In high-risk patients we prefer to
perform TEE or low dose cardiac CT promptly followed
by cardioversion within a day or two of diagnosis. Phar-
macologic rate control can be useful for those who have
a rapid ventricular response during their tachyarrhythmia
while cardioversion is being planned. Options include use of
beta-blockers, calcium channel blockers, or amiodarone™,

Termination of atrial tachyarrhythmia can be achieved
by electrical cardioversion, overdrive pacing, or drug
therapy. Urgent electrical cardioversion is recommended
in adults with ACHD who are hemodynamically unstable
regardless of arrhythmia duration or anticoagulation
status'*”, Anterior-posterior pad positioning increases
cardioversion success in the face of marked atrial dilata-
tion'” and is important in the many ACHD patients
who have a pacemaker. Patients with Fontan palliation,
Mustard or Senning, and Glenn shunts, are at risk of
sinus node dysfunction and may develop prolong sinus
pause following rhythm conversion!’’**, The team
planning a cardioversion needs to be prepared for this
possibility. Patients with an extra-cardiac or interatrial
lateral tunnel Fontan circulation do not have ready
venous access to enable ventricular pacing. The back-
up plan for these patients should include percutaneous
pacing and/or use of medications such as atropine
or isopretrenol. Electrical cardioversion of complex
CHD patients is best performed in the coronary care
unit with continuous monitoring of heart rhythm post
cardioversion till rhythm stability is established. Overdrive
pacing of IART can be attempted in patients with either
atrial or dual chamber pacemakers or defibrillators.
Immediate anti-tachycardia pacing is effective in up to
50% of cases'”’. In pacemaker dependent patients, it is
important to maintain back up ventricular pacing during
attempted atrial overdrive pacing'”.

Pharmacologic cardioversion can be used to terminate
atrial arrhythmias acutely, however, concerns include
risk of torsades de pointes in Class Il and ventricular
tachycardia in Class IA and IC antiarrhythmic medications"”’.
Amiodarone is the medication we use most often for
acute termination of atrial arrhythmias in ACHD patients.
Cardioversion can sometimes be achieved by following
an intravenous bolus dose with a maintenance infusion
for 24-48 h. Amiodarone may restore sinus rhythm, or
assist in slowing the ventricular rate if cardioversion fails.
There are currently no efficacy or safety data regarding
the acute use of amiodarone in treatment of atrial tachy-
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arrhythmia in ACHD patients"”). Ibutilide and sotalol
have also been shown as effective in acute treatment
of atrial tachyarrhythmia®®*!. When compared in a
randomized study in non-ACHD population, ibutilide was
superior to sotalol in conversion of atrial arrhythmia™.
If using ibutilide, one must be cautious of torsades de
pointes which is reported to occur in 2%-8% of non-
ACHD patients™'l. In ACHD patients presenting with
IART or atrial fibrillation, 1 to 2 mg of IV ibutilide over
10 min may be given if used with continuous heart moni-
toring where emergency defibrillation and resuscitation is
available!”’,

Patients with WPW, orthodromic atrioventricular
reentrant tachycardia and AVNRT, who are hemodyna-
mically stable can be treated with intravenous adenosine,
which may terminate the tachycardia and restore sinus
rhythm. This is because adenosine slows AV nodal
conduction and these tachycardias include the AV node
as an obligatory part of their circuit. In contrast, the
effects of adenosine on atrial flutter, IART and atrial
ectopic tachycardia are inconsistent™. Adenosine will
not generally terminate these arrhythmias and is more
likely to produce transient or increased AV block, which
can unmask atrial activity on an ECG and aid diagnosis.
It is important that adenosine be given rapidly and
in a sufficient dose to reach the coronary circulation.
Adenosine administration is generally safe but rare proarr-
hythmic and potentially life-threating effects have been
reported™. It can precipitate atrial fibrillation, which as
already stated, is a risk in patients with an accessory
pathway where the atrial rate may be conducted 1:1 to
the ventricles. Patients with pre-excited atrial fibrillation
are usually treated with urgent electrical cardioversion
because of the risk of cardiovascular collapse™*.

MANAGEMENT OF CHRONIC OR
RECURRENT ATRIAL ARRHYTHMIAS IN
ACHD PATIENTS

Medical management

Rhythm control is generally recommended as the initial
strategy for patients with moderate or complex forms of
CHD™, This is because loss of sinus rhythm, even with
a controlled heart rate can adversely and importantly
impact both hemodynamics and ventricular function in
ACHD patients*’?”), However, once an ACHD patient
has experienced atrial arrhythmia, recurrences are often
seen. In our experience, the initiation of antiarrhythmic
drugs, before further cardioversion may be beneficial
to the chances of reestablishing sinus rhythm and/or
reducing the frequency of recurrence.

The pro-arrhythmic risk of Class I (fast sodium channel
blockers) antiarrhythmic drugs in patients with CHD
includes ventricular arrhythmias®>®. In addition, they
are not recommended for maintenance of sinus rhythm
in patients with coronary artery disease or moderately to
severe systolic dysfunction of either ventricle™”*!,

In general cardiology practice, sotalol is used for
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maintenance of sinus rhythm in patients with AF who have
normal baseline QT interval (< 460 ms) and minimal or
no structural heart disease!’. While some retrospective
studies have suggested safety and efficacy of sotalol in
adults with CHD®"*?, a meta-analysis of antiarrhythmic
drugs for AF which included 12 clinical trials showed
that sotalol doubles all-cause mortality’™. Based on the
current evidence, sotalol can be used with caution for
maintenance of sinus rhythm in IART or AF in patients
with ACHD!7,

In non-ACHD populations, amiodarone is the most
effective antiarrhythmic medication in maintaining sinus
rhythm in AF and is considered drug of choice in heart failure
patients'"®?. Expert consensus suggests amiodarone
as first line for maintenance of sinus rhythm in ACHD
patients with IART and those with AF in presence of
ventricular hypertrophy or dysfunction, or coronary
artery disease!”l, It is the drug we use most often
across the spectrum in ACHD, including in patients with
impaired ventricular function. Unfortunately, long-term
treatment with amiodarone (which is often necessary in
this population) can be complicated by pulmonary and
liver toxicity, thyroid dysfunction, photosensitivity, and
corneal microdeposits®®. In our experience the most
frequent problems in ACHD patients are thyroid related.
Torsades de pointes is seen in fewer than 1% of non-ACHD
patients®",

Dofetilide has been shown to be safe in adult patients
with recent myocardial infarction or heart failure®. The
major concern is risk of torsade de pointes, which is
seen in 0.9% to 3.3% of patients®®”), Dofetilide was
studied in a multicenter series of 20 ACHD patients with
refractory atrial arrhythmia and reasonable success was
noted®!. However, we rarely use this drug in our center
and prefer the use of sotalol.

Catheter ablation

Catheter ablation is now used as an early treatment
strategy for IART in many centers and is preferred
over the long-term pharmacological management™” "
Advances in 3D mapping for improved circuit localization
and irrigated-tip or large-tip ablation catheters which
help with effective lesion creation has led to 81% acute
success rate®®”?, Newly developed software permits
rapid automatic annotation of signals using multi-
electrode catheters. This allows large chambers to be
mapped rapidly and with a huge number of points
reducing procedure time and potentially increasing
success rates of ablation”?. These needs to be inter-
preted in the context of programmed settings on the
mapping system including the window of interest and
electrogram annotation the discussion of which is beyond
the scope of this review™,

The acute success rate is lower in Ebstein anomaly
with higher recurrence rate”’>’® due to challenges of
distorted anatomic landmarks, difficulty identifying the
true AV groove, extremely fractionated electrograms, and
the high incidence of multiple pathways®®”>”®. Recurrence
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rates following ablation are 34%-54%, mostly occurring
within the first year and are higher in atriopulmonary
anastomosis of Fontan palliation compared to other
CHD patients”>”””®], Gaining access to the atrial tissue
is difficult in patients with an interatrial lateral tunnel or
extra-cardiac Fontan palliation and conduit puncture may
be required”®. When planning ablation, consideration
should be given to the location of the AV node in the
underlying CHD and the risk of AV block due to ablation.
For example, the AV node is typically located anterior
in the AV junction in congenitally corrected-TGA™”. The
AV node is displaced postero-inferiorly in inlet VSDs™",
These should be kept in mind when planning ablations in
that region as for typical slow fast AVNRT. The AV node
does not have an intracardiac signal. The His bundle
signal is used as its surrogate marker. Locating and
identifying the His is often challenging in ACHD as the
conduction system is often displaced in many conditions
like AV canal defects and congenitally corrected tran-
sposition of great arteries. In other conditions like an
extracardiac Fontan, the His bundle is not accessible
unless a puncture is performed. If located, the His signal
can be tagged by using 3D electroanatomic mapping
systems. This is especially important in patients with
single ventricle palliation where the complication of heart
block would often require management with epicardial
pacing®.

Specific recommendations for AF ablation in CHD
population have not yet been developed due to scarcity
of published data on mechanism of arrhythmia, unclear
ablation targets, and efficacy'”). One study reported
a success rate of 42% compared to 53% in controls
without CHD. The value of repeat ablations and role of
pulmonary vein isolation in complex CHD patients remains
to be determined**®”, Limited experience is available
on AV nodal ablation followed by permanent pacing in
symptomatic patient with poor rate control®*.

Surgical treatment and percutaneous intervention

A disturbance of hemodynamics often underlies (or is
a significant contributor to) atrial arrhythmia in ACHD.
Sometimes the hemodynamic issues are amenable to
treatment by surgery or a percutaneous intervention and if
successful, such procedures may extinguish or ameliorate
the patient’s arrhythmia burden. Examples would be
replacement of a regurgitant left atrioventricular valve in
a patient with an atrioventricular septal defect, pulmonary
valve replacement in a patient with repaired tetralogy of
Fallot and severe pulmonary regurgitation and replace-
ment of a stenosed conduit for pulmonary blood flow.
The decision to surgically revise or upgrade a Fontan
circulation as an intervention for recurrent arrhythmia
can have excellent results but is a specific example with
unique considerations®®”), When patients with ACHD
experience atrial arrhythmia consideration should not
only be given to correction of residual hemodynamic
lesions but also to the role of specific arrhythmia surgery,
which can be performed either in conjunction with
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other procedures or in isolation. Mavroudis et af*® have
published an excellent and detailed review of arrhythmia
surgery in ACHD based on their own experience in 248
patients. Most of the surgical procedures described are
for the treatment of atrial arrhythmia in patients with
repaired TOF or a single ventricle circulation. Operative
techniques described include, methods for increasing
the safety of repeat sternal reentry, direct ablation
(cryoablation or radiofrequency), right atrial and biatrial
Cox-maze procedures, as well as excision of automatic
foci. The paper describes the differing anatomical and
electrophysiological variations which need to be taken
into account for each congenital cardiac diagnosis and
arrhythmia™®,

Anticoagulation

Thromboembolic prevention in ACHD patients is an
important aspect of pharmacological treatment of atrial
arrhythmia. The prevalence of thromboembolic events in
ACHD patients is estimated to be 10 to 100-fold higher
than age-matched controls in the general population
due to dilated chambers with sluggish flow, intra-
cardiac prosthetic material, pacing/defibrillation leads,
intracardiac shunts, and associated hypercoagulable
states™ %, In particular, the risk of stroke is 10-fold
higher in ACHD patients, with atrial arrhythmia being
one of the strongest predictors®®?.. In a small series
of ACHD patients who underwent TEE prior to electrical
cardioversion of an atrial arrhythmia, atrial thrombus was
seen in 37%.

Risk scoring systems (CHA2DS2, CHA2DS2-VASc,
and HAS-BLED) are widely used to guide anticoagulant
prescription in non-ACHD patients, balancing the risks
of thromboembolism against the risks of bleeding!®**®.
Initially, these scoring systems were not developed
or tested in ACHD patients and did not include any
component relating to the type or severity of congenital
cardiac lesion'”), For many years there has been con-
troversy about whether or not they have any value in
decision-making for ACHD patients. In 2015 a Dutch
study of 229 ACHD patients with atrial arrhythmias
attempted to address this issue™”. The authors evaluated
dichotomized CHA2-DS2-VASc and HAS-BLED scores
in their ACHD cohort and reported that thrombotic
and bleeding events can be predicted by using scoring
systems®”). In moderate/complex patients with IART
or AF, long-term oral anticoagulation is recommended
with vitamin K antagonist (VKA) however, in simple
nonvalvular CHD, the decision of anticoagulation risk can
be guided by CHA2DS2-VASc score!’’®), patients with
CHA2DS2-VASc score of = 2 need oral anticoagulation
with VKA or novel oral anticoagulants!*”’,

The new oral anticoagulants (NOAC) have been
introduced as an alternative to VKA in non-valvular
atrial fibrillation. These drugs are either direct thrombin
(Dabigatran) or factor Xa (Rivaroxaban, Apixaban)
inhibitors. Limited data is available regarding the use of
NOACs in ACHD population. One prospective study
included data from 75 ACHD patients without prosthetic
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heart valves taking one of three NOACs"™. Twenty-one
percent of participants had complex CHD and the main
indication was thrombosis prevention in atrial arrhy-
thmia™. During a mean follow-up duration of 12 mo,
there were no thrombotic or major bleeding events™.
Results from further multi-centre studies are anticipated.
However, it may be reasonable to consider NOAC in lieu
of VKA in simple CHD and without prosthetic valves or
hemodynamically significant valve disease'”*",

ATRIAL ARRHYTHMIAS DURING
PREGNANCY IN ACHD PATIENTS

The risk of atrial arrhythmia is known to increase during
pregnancy due to anticipated adaptive hemodynamic,
hormonal, and autonomic changes™®'®), The incidence
of AF/IART in patients with structural heart disease was
reported at 1.3% by the Registry on Pregnancy and
Cardiac Disease with the majority of arrhythmias occurring
during second trimestert'®, The frequency of arrhythmia
during pregnancy is higher than this in other studies
and certain ACHD subgroups. In a systematic review
by Drenthen et a/"®”, the highest risk of arrhythmia
was reported in patients with Fontan palliation, atrial
redirection for TGA (Mustard or Senning) and repaired
atrio-ventricular septal defect. In a multi-centre study
of 157 pregnancies in 74 women with repaired TOF the
incidence of arrhythmia was 6.5% vs < 1% in controls"®".
In a study of women with valvular heart disease the rate of
arrhythmia during pregnancy was 15% vs 0% in controls
(P = 0.001)"!, The following have been identified as
risk factors for the occurrence of atrial arrhythmias during
pregnancy: Arrhythmia before pregnancy, mitral valve
disease, beta-blocker use before pregnancy, and left-
sided cardiac lesions™*'%?, Atrial arrhythmias during
pregnancy area associated with pregnancy-related
mortality and morbidity. This may be due to severity of
underlying heart disease and also to an increased risk of
thromboembolic events™®.

Electrical cardioversion can be used in all trimesters of
pregnancy and must not be delayed in hemodynamically
unstable patients™®!. The risk of inducing fetal arrhythmias
is minimal but unless cardioversion is emergent, fetal
monitoring should be performed™®'*'”’), Most antiarrhy-
thmic drugs are United States Food and Drug Admini-
stration class C medications; i.e., animal studies have
shown risk to the fetus, there are no controlled studies
in women or studies in women and animals are not
available. This is a confusing classification, meaning that
there is insufficient data to make a statement regarding
safety. Use of these drugs must be carefully discussed
with pregnant women to allow them the ability to weigh
potential pros and cons. Beta-blockers (often metoprolol)
are commonly used as first line rate control therapy.
Atenolol is an FDA class D medication (positive evidence
of fetal risk) and should be avoided due to association
with low birthweight. Oral verapamil and digoxin (FDA
Class C) are used for atrial arrhythmia in pregnancy
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but should not be used when an accessory pathway is
suspected®, Sotalol (FDA class B - animal studies show
no risk, no studies in humans) can be used to maintain
sinus rhythm although, its side effects include fetal
bradycardia and long QT in the mother and therefore,
close monitoring is required. Due to its side effects on
fetal thyroid function, amiodarone should not be used
during pregnancy unless other antiarrhythmic agents
are contraindicated or ineffective. Flecainide (FDA class
C) is a drug which crosses the placenta and is often
used for treatment of fetal tachycardia, however there
are proarrhythmic risks in patients with structural heart
disease!"®'%, Pregnancy is a prothrombotic state and
sustained atrial arrhythmia will further increase risk of
thromboembolic events in pregnancy, therefore anticoa-
gulation should be considered. Specific guidelines and
recommendations exist!'®'*®! and any decision about
anticoagulation during pregnancy should be made with
the input of specialist advice and in full consultation with
the patient. Different regimens can be recommended
depending on patient preference and the individualized
balance of risks: Obstetric risks (miscarriage, retro-
placental hematoma, bleeding during delivery) vs off-
spring risks (warfarin associated embryopathy, premature
birth, inter-cranial bleeding) vs matemnal risks (thrombosis
and bleeding). The risk of maternal thrombosis and
thromboembolism are highest in women who in addition
to their atrial arrhythmia also have either mechanical
valves or Fontan circulations.

CONCLUSION

The ACHD population continues to expand and is also
aging. Atrial arrhythmias are common in these patients
and the cause of significant morbidity. They also asso-
ciated with increased risk of subsequent mortality. A
comprehensive understanding of the underlying anatomy,
previous surgeries and mechanism of the arrhythmia
is essential to optimal management of arrhythmias in
this population and clear, open communication between
ACHD specialists, electrophysiologists and primary care
providers necessary.
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