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Abstract: Antiarrhythmic therapy is commonly used for suppression of arrhythmias in patients with
arrhythmogenic best ventricular cardiomyopathy (ARVC) in conjunction with implantable cardioverter
defibrillators (ICD) and catheter ablation. The efficacy of mix flecainide and sotalol/ metoprolol treatment for
patients refractory to single representatives and/or catheter ablation has actually not been well established. The
main aim of this review is to explain our experience in utilizing the addition of flecainide in combination with
sotalol/ metoprolol for the treatment of arrhythmias in patients with ARVC. In conclusion, The addition of
flecainide in mix with sotalol/ metoprolol may be an efficient antiarrhythmic strategy for the control of ventricular
arrhythmias in patients with ARVC refractory to single agent therapy and/or catheter ablation.
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1. INTRODUCTION

Arrhythmogenic ideal ventricular cardiomyopathy (ARVC) is an inheritable heart muscle disease identified by fibrofatty
replacement of the ideal ventricular (Recreational Vehicle) myocardium®®. Clinical symptoms relate to electrical
instability, including either ventricular tachycardia (VT) of Recreational Vehicle origin or ventricular fibrillation (VF),
which might lead to sudden death, mainly in young people or athletes. Ventricular arrhythmias become worse throughout
or right away after exercise and participation in competitive sports has actually been connected with an increased risk for
sudden death”® . Later in the disease history, the RV becomes more diffusely included and left ventricular (LV)
participation might lead to biventricular cardiac arrest®®.

The estimated prevalence of ARVC in the basic population ranges from 1 in 2000 to 1 in 5000. A familial background has
been demonstrated in about 50% of ARVC cases. The disease affects males more often than ladies (with a ratio

approximately 3:1) and becomes clinically obvious frequently in the 4th or third decade of life®*%.

Clinical diagnosis of ARVC is often challenging because of the nonspecific nature of the disease and the broad spectrum
of phenotypic manifestation, varying from serious to concealed types. In 1994"? and 2010™® The International Task
Force proposed criteria for the clinical diagnosis of ARVC.

ARVC shows an autosomal dominant pattern of inheritance with incomplete penetrance and variable clinical
expression™, although an autosomal recessive variant has been identified*>*®. Since the very first ARVC-causing gene
(ie, plakoglobin gene-JUP) was determined in patients with Naxos disease, several anomalies of genes encoding
desmosomal cell adhesion proteins have been detected in patients with ARVC®™ Molecular hereditary analysis is an
effective tool for preclinical diagnosis of ARVC in asymptomatic member of the family of gene-positive probands and
may add to run the risk of stratification and clinical management.

ARVC is likewise characterized by dysfunction of the cardiomyocyte junction inclining patients to ventricular
arrhythmias, cardiac arrest, and sudden death 7 . Treatment is concentrated on slowing disease progression, minimizing
the danger of sudden death, and palliating symptoms related to reoccurring arrhythmias and heart failure. The essentials of
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therapy are positioning of implantable cardioverter-defibrillators (ICD) in symptomatic and high threat patients as well as
treatment of arrhythmias through catheter ablation and antiarrhythmic medication “®. While these therapies have actually
substantially improved patient results, the danger of recurrent arrhythmias remains high ®®. In patients failing to attain
arrhythmia control with single antiarrhythmic agents and/or catheter ablation, combination antiarrhythmic treatment may
result in enhanced arrhythmia control. Nevertheless, little information exists to assist the option of combination
antiarrhythmic representatives in this setting. In a current report, we characterized our preliminary experience with
various antiarrhythmic combinations within our own friend of patients with RV cardiomyopathy . Ever since we have
expanded our cohort and in this report describe our follow up experience with using combination therapy in patients
refractory to single representative therapy and/or catheter ablation, particularly highlighting the effectiveness of the
combination of sotalol/ metoprolol and flecainide in patients with ARVC.

2. METHODOLOGY

Four databases were selected to ensure a comprehensive review of the literature: PubMed, EMBASE, Ovid, and the
Cochrane Review up to 2015. On January 25, 2014, a total of 13 different queries were used for each engine: (1)
“Arrhythmogenic right ventricular cardiomyopathy,” (2) “Antiarrhythmic therapy,” (3) “Ventricular Arrhythmia ,” (4)
“Clinical electrophysiology,” (5) “Combination therapy ,” (6) “Genetics ,” (7) “Catheter ablation,” (8) “Implantable
cardioverter defibrillator ,” (9) “Sudden cardiac death,” . A hand search of the tables of contents of relevant journals
published from January to December 2015 was then performed .Patient cases and medication dosages are summarized in

Table 1.

3. RESULTS AND DISCUSSION

Case I: A 33 year old female was detected with ARVC on the basis of a heart MRI, ECHO and signal-averaged ECG. She
went through placement of an ICD and attempted endocardial ablation of several VVTs of right ventricular origin. She was
treated with a variety of single antiarrhythmic agents consisting of metoprolol, amiodarone, sotalol, and propafenone but
continued to have episodes of workout caused VT. Offered the frequent arrhythmias, flecainide was started and titrated to
a dosage of 150mg BID in addition to her dose of sotalol 80mg BID. On this combination treatment her arrhythmia
control has actually been excellent. She has been devoid of significant arrhythmias for over 116 months.

Case II: A 37 year old woman who was detected with ARVC on the basis of her ECG, ECHO, heart MRI, and
electrophysiology research study after providing with an episode of exertional syncope. She was initially treated with an
ICD and sotalol monotherapy but developed frequent VT in the setting of pregnancy. She was subsequently treated with
the addition of flecainide leading to successful resolution of arrhythmias. Flecainide was terminated shortly after the birth
of her kid, however because that time, the patient established recurrent ventricular arrhythmias triggering the re-
introduction of flecainide to her medical routine. Ever since, she has been arrhythmia complimentary for 38 months with
the mix of sotalol 240mg BID and flecainide 75mg BID.

Case Il1: A 66 years of age man identified with ARVC on the basis of particular abnormalities of the ECG, heart MRI and
ventricular angiography. He was at first treated with ICD placement and amiodarone. His course was made complex,
however, by the advancement of recurrent exercise induced VT triggering endocardial ablation and the advancement of
extreme amiodarone induced dermatitis and lung infiltrates. Due to these side effects, his medical regimen was
transitioned to the mix of sotalol 220mg BID and flecainide 50mg BID. The patient has been arrhythmia free for 46
months considering that beginning this mix.

Case IV: A 47 years of age guy was referred to our arrhythmia center after sustaining a cardiac arrest throughout workout

and went through placement of an ICD. Further examination, however, revealed a positive family history of sudden death
in his dad at age 37 and an ECHO with serious international right ventricular enlargement and apical aneurysm.
Interrogation of his ICD revealed extra episodes of monomorphic VVT. On electrophysiology research study he was kept in
mind to have an arrhythmogenic area in the best ventricular outflow system which was ablated via an endocardial method.
He was started on sotalol 80mg BID. The patient experienced excellent arrhythmia control for over 4 years in spite of an
active lifestyle till January 2015 when he had the sudden beginning of persistent VT resulting in 8 ICD discharges. His
sotalol dosage was increased to 240mg BID however this dosage was not bearable because of extreme tiredness and
malaise. He was therefore started on flecainide 100mg BID and sotalol 160mg BID. Considering that initiation of mix
treatment, he has actually stayed arrhythmia free for the last 22 months.
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Case V: A 62 year old man was referred to our center for ventricular arrhythmias. He had his first episode of continual VT
at the age of 31. At that time, he underwent endocardial ablation and was begun on amiodarone. At the age of 49 he had
reoccurring VT and underwent placement of an ICD. He continued to experience frequent VT which prompted the
transition of amiodarone to sotalol but cannot accomplish appropriate control with this program. Additional examination
was substantial for an ECHO demonstrating a badly enlarged best ventricle and a standard ECG with T-wave inversions
in leads V1-V6 permitting the diagnosis of ARVC to be made. At his initial go to in our arrhythmia clinic in April 2015,
he was transitioned from sotalol to a combination of metoprolol succinate 50mg QD and flecainide 50mg BID. Because
that time he has actually been arrhythmia complimentary for over 18 months.

Case VI: A 42 years of age guy was referred to our center for management of frequent ventricular arrhythmias. The
patient was detected with ARVC at the age of 36 after sustaining recurrent episodes of monomorphic VT, abnormal heart
MRI, T-wave inversions in leads V1-V4 on baseline ECG, and genes favorable for a pathogenic anomaly in TMEM43.
He underwent ICD implantation, was begun on amiodarone, and underwent a series of epicardial and endocardial VT
ablations for persistent VT at experienced outside medical facilities. Following the ablations, his amiodarone was
transitioned to sotalol monotherapy. In spite of dosage adjustments of these medications and repeat ablation procedures,
he continued to have frequent episodes of VT. He was referred to our center in January 2015 where he was begun on
flecainide 50mg BID in addition to sotalol 120mg BID. 2 months after initiation of mix treatment, he had a recurrent
episode of VT at a rate of 130bpm, much slower than his previous episodes and below the detection threshold of his ICD.
He consequently went through modification of his ICD VT detection limit and an increase of the flecainide dosage to
100mg BID. After this dosage increase, he had one more episode of steady VT at a rate of 117bpm, once again under the
detection limit of the ICD (Figure 2). He just recently underwent a repeat endocardial ablation and was classified as a
failure of combination treatment although the VT rate reduced considerably after treatment. He is now devoid of VT on
sotalol alone.

Case VII: A 37 years of age male was described our center after an episode of palpitations and pre-syncope while running.
Develop revealed a bigger right ventricle on ECHO and T-wave inversions in leads V1-V3 on ECG consistent with
ARVC. On electrophysiology research study he was found to have inducible VT and proof of an epicardial scar
prompting positioning of an ICD. He was furthermore begun on metoprolol. Regardless of beta-blocker therapy, the
patient received a number of ICD discharges triggering him to go through epicardial/ endocardial ablation at another
medical center. The ablation was regrettably complicated by pericardial effusion and tamponade needing
pericardiocentesis. Consequently, the patient experienced recurrent ICD discharges and an epicardial/ endocardial ablation
was duplicated. This treatment was made complex by tear of the LV wall necessitating emergent surgical repair. His post-
operative course was complicated by development of an epicardial abscess which was surgically drained pipes, mild
reduction in his left ventricular ejection fraction to 45%, and persistence of symptomatic PVCs and NSVT. He was briefly
trialed on sotalol but could not endure the medication due to fatigue. He was then started on mexiletine 200mg TID which
lowered the concern of his PVCs. Within one year, nevertheless, the patient developed frequent episodes of VT and
underwent numerous ICD discharges. Offered the reoccurring VT, he was transitioned from mexiletine to flecainide
150mg BID in addition to metoprolol 25mg BID. Considering that the initiation of flecainide the has actually been free of
VT for the last 24 months.

Case VIII: A 52 year old guy was referred to our center for additional management of ventricular arrhythmias. The patient
was detected with ARVC in his 20s after presenting with VT in the setting of a snake bite. He went through placement of
an ICD and endocardial ablation. He was treated with amiodarone for a variety of years and consequently transitioned to
bisoprolol. In 2015, he had an increase in his VT problem (which was mainly exercise induced) triggering initiation of
sotalol 120 mg BID however did not accomplish appropriate arrhythmia control. He went through repeat endocardial
ablation and flecainide 150mg BID was contributed to his routine. Despite initiation of mix treatment, within two months
of follow up, the patient was kept in mind to have two episodes of VT ended with ATP upon interrogation of his ICD
representing failure of combination therapy. In addition, he established adverse effects of fatigue and dysguesia connected
with the brand-new mix. He consequently went through combined endocardial and epicardial ablation and has been taken
off sotalol. He is presently being evaluated for a repeat ablation after cannot attain control on a regimen of flecainide
100mg BID and metoprolol 25mg BID.
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4. DISCUSSION

Our experience highlights the reliable use of combination sotalol/ metoprolol and flecainide in patients with ARVC
suffering from recurrent arrhythmias in spite of multiple previous medication trials. In addition, although combined
endocardial/epicardial catheter ablation has actually recently been demonstrated to have sensible efficacy in ARVC
patients with medium term follow-up ®*??, in patients with reoccurring VT after several epicardial ablations, or
complications such as heart tamponade, the alternatives for extra catheter based intervention are restricted. The use of mix
antiarrhythmic treatment in such patients may supply a remarkable improvement in quality of life. These findings are
important as there has actually been a paucity of data guiding using combination therapy in ARVC.Several past studies
have actually evaluated the use of mix antiarrhythmic agents in ARVC nevertheless prior experience with the addition of
flecainide in mix therapy is very limited. One of the first trials to suggest effectiveness of combination therapy in ARVC
was released by Tonet et al. in 1988 . In this research study, 31 patients with refractory VT were successfully handled
with the combination of amiodarone and beta-blocker. Just 4 of the patients in this research study were understood to have
ARVC. Quickly following, Lequeret et al. released a report documenting their experience treating 58 ARVC patients with
a number of antiarrhythmic mixes ®¥ The particular combinations included class | agents + beta blocker, class | agents +
amiodarone, and amiodarone + beta blocker. Efficacy was developed by evaluating arrhythmia reoccurrence within 1 year
of follow up. The mix of class | representatives + beta blockers proved to be effective in 35% of patients, amiodarone +
Class | representatives worked in 58% of patients, and the combination of amiodarone + beta blocker was effective in
100% of patients although only 6 patients were treated with this combination.

The biggest trial examining the use of antiarrhythmic representatives in ARVC was released in 1992 by Wichter et al ®
.In this trial, the response to numerous antiarrhythmic agents was assessed throughout electrophysiology research study in
order to assist outpatient treatment. In the initial study, 81 patients were followed for several months on various
antiarrhythmic agents. Of these patients, 37 patients were treated with mix treatment after failure of response to single
agents. The combinations examined were class | agent + beta blocker, class | representative + sotolol, class I
representative + amiodarone, and 2 class | representatives simultaneously. Of these combinations, 2 concurrent class |
representatives and Class | agent + beta blocker were inefficient in all patients examined. The combinations of class |
agent + amiodarone and class | agent + sotalol however were effective in a small number of patients refractory to single
representative therapy. The outcomes of the research study were later broadened to consist of 191 patients with
comparable outcomes ?® .On the other hand, mix treatment including flecainide and sotalol/metoprolol worked in 6/8
patients in our research study. This may be due to the fact that flecainide was used instead of other class | drugs.

While incompletely understood, it is possible that the supporting impact of flecainide in our patients might be mediated
through its effect on calcium homeostasis. This is supported by the reality that most of arrhythmias within our cohort were
exercise caused. It has actually been revealed that, in addition to its action on sodium channels, flecainide impacts calcium
homeostasis by antagonism of the ryanodine receptor ?? This system has been postulated as the factor for its
demonstrated effectiveness in the treatment of VT in patients with catecholaminergic polymorphic ventricular tachycardia
@9 The function of calcium homeostasis in ARVC is less well specified, nevertheless mutations in proteins with key roles
in calcium homeostasis have been noted in patients with ARVC particularly phospholomanban ©?, a regulator of the
sarcoplasmic reticulum Ca++- ATPase, ankyrin-b ©», a binding protein crucial in the function of the Ca++/ Na+
exchanger, and the ryanodine receptor ©? Mutations in these specific genes were looked for but not recognized within our
patient cohort.

It is also essential to keep in mind that the addition of flecainide in our patient sample has been well endured and not
connected with any significant unfavorable occasions. Regardless of the historic doubt in using this medication in patients
with structural cardiovascular disease provided the outcomes of the CAST trial, our outcomes suggest that this class of
medication might play a significant role as an accessory in the treatment of patients with ARVC. It ought to be
highlighted, nevertheless, that of our patients other than Case | and Case VIl had a typical or near regular left ventricular
ejection portion and all patients were secured by an ICD.

The reason for failure of single agent therapy in our patients is unclear. Offered the broad spectrum of disease phenotypes
in patients with ARVC, it can be postulated that particular disease attributes may put patients at greater danger of
reoccurring arrhythmias. Several groups have actually commented on specific imaging and ECG findings that might
recognize greater risk functions of the disease and therefore anticipate the recurrence of arrhythmias in ARVC. In a
retrospective analysis, Peters et al. reported that the presence of significant ideal ventricular dilation and left ventricular
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dysfunction on ECHO as well as T- wave inversions beyond lead V3 on ECG were correlated with a higher threat of
arrhythmia recurrence and bad antiarrhythmic response ©®. These observations were supported by research studies
assessing threat aspects for unexpected cardiac death in patients with ARVC ©. Within our own accomplice, all of the
patients explained above have considerable right ventricular dilatation on imaging, 7/8 have T-wave inversions past V3,
and one patient has actually documented left ventricular involvement. Therefore, it is most likely that the need for mix
therapy to attain arrhythmia control highlights the presence of sophisticated or more aggressive disease. In our experience,
the most common reason for initiation of combined treatment was drug failure (7/8) or drug intolerance (1/8) in addition
to failure to respond to one or more encodardial or combined endocardial/epicardial ablations (7/8).

A number of essential restrictions of our study warrant reference. This report explains a single center experience with a
small number of patients, thus the generalizability of our findings might be restricted. However, this reflects the truth of
studying patients with an unusual disorder who have actually failed first- line therapy. Second, given that patient
management was not standardized prior to initiation of combination therapy and was at the discretion of referring doctors,
differential exposure to various antiarrhythmic medications, may have played a role in patient results. Finally, all patients
within our friend were safeguarded with 1CDs, thus our conclusions need to be just be applied to patients without ICD
defense with extreme caution. Finally, while relatively efficient, the subsequent duration for a variety of our patients is
relatively limited. Longer duration of follow up would be necessary to develop the toughness of our findings. Our
experience suggests that mix therapy particularly with sotalol/ metoprolol and flecainide may be a crucial adjunctive
therapy in ARVC patients with refractory arrhythmias. In spite of the constraints, it is important to stress that this mix
treatment was discovered efficient for patients with ARVC and VT storm, VT happening in labor, and in patients
refractory to numerous medication trials and ablation treatment.

Table 1: Patient characteristics

Patient age sex  Exercise/ Ablation Past Current medical Arrhyth- Genetics
Catechola-mine medicati-on regimen mia free
provoked VT trials period*

| 45 F YES Endocardial ~ Metoprolol, Flecainide 150mg 116 Declined

Propafenone, BID + Sotalol months testing

Amiodarone 80mg BID

1 41 F YES None Sotalol Flecainide 150mg 38 month PKP2
BID + Sotalol mutation
240mg BID
1 69 M NO Endocardial =~ Amiodarone, Flecainide 50mg 46 months No
Sotalol BID + Sotalol mutations
220mg BID identifed
v 54 M YES Endocardial ~ Metoprolol, Flecainide 100mg 22 months  DSG2
Sotalol BID + Sotalol mutation
160mg BID
\Y 63 M YES Endocardial =~ Amiodarone, Flecainide 50mg 18 months  DSP, PKP2,
Sotalol BID + Metoprolol ALMS1
Succinate  25mg mutations
QD (VUS)
Vi 43 M NO Endocardial ~ Sotalol, Flecainide 50mg Failure of TMEMA43
/ Epicardial ~ Metoprolol BID + Sotalol therapy mutation
120mg BID
VII 41 M YES Endocardial ~ Sotalol, Flecainide 150mg 24 months = Declined
/ Epicardial ~ Metoprolol BID + Metoprolol testing
25mg BID
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5. CONCLUSION

The addition of flecainide in mix with sotalol/ metoprolol proved to be efficient in controlling frequent arrhythmias in
ARVC patients refractory to single agent antiarrhythmic treatment and catheter ablation over a considerable subsequent
period.
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