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A b s t r a c t

Background: Antiarrhythmic treatment of patients with recurrent ventricular tachyarrhythmia, in whom catheter ablation and 
amiodarone treatment were ineffective or contraindicated, is an unsolved clinical problem.

Aim: The study aims to evaluate the efficacy and tolerability of mexiletine in patients with recurrent ventricular tachyar-
rhythmias and/or electrical storm events, in whom standard treatment strategies failed to prevent ventricular tachyarrhythmia.

Methods: We performed a retrospective cohort analysis of all patients treated with mexiletine for recurrent ventricular tachycardia 
and/or ventricular fibrillation in our institution between January 2011 and September 2015. The primary endpoints were total num-
ber of electrical storm events and ventricular tachycardia/ventricular fibrillation (VT/VF) episodes after the beginning of mexiletine 
therapy. Secondary endpoints were total number of implantable cardioverter-defibrillator (ICD) therapies and discontinuation of 
the therapy. Events were compared with a matched duration period before initiating mexiletine. Patients served as self-controls.

Results: Seventeen patients were included in the study; 11 patients were males. Mean age was 64.2 ± 15.4 years. The median 
time of mexiletine treatment was eight months (interquartile range [IR]: 1–22 months). The mexiletine dose was 600 mg/day 
in 13 patients and 400 mg/day in four patients. In four patients the dose was modified during treatment in a range from 
400 to 600 mg/day depending on clinical decision. Treatment with mexiletine significantly reduced the number of electrical 
storm events (14 episodes vs. two episodes; median and IR for 17 patients: 1 [0–1] vs. 0 [0–0], p = 0.0010), VT/VF episodes 
(285 vs. 74 episodes; median and IR for 17 patients: 7 [5–27] vs. 0 [0–5], p = 0.0115), and ICD interventions (317 interven-
tions vs. nine interventions; median and IR for 17 patients: 10 [5–25] vs. 0 [0–2], p = 0.0006), in comparison with a matched 
period before initiation of treatment. In 14 out of 17 patients (82%) sufficient tolerability of mexiletine was observed. Only in 
three (18%) patients severe side effects of mexiletine treatment occurred requiring discontinuation of therapy.

Conclusions: Mexiletine was a sufficiently tolerated antiarrhythmic drug in short-term treatment of ventricular tachyarrhyth-
mias in the studied population. Mexiletine may be effective in the treatment of recurring ventricular tachyarrhythmias or 
electrical storm events.
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INTRODUCTION
Antiarrhythmic treatment of patients with recurrent ventricular 
tachyarrhythmia, in whom catheter ablation and amiodarone 
treatment were ineffective or contraindicated, is an unsolved 
clinical problem. Patients with cardioverter-defibrillator (ICD) 

implanted constitute the high-risk population of recurrent 
ventricular tachycardia or ventricular fibrillation (VT/VF) epi-
sodes. In these patients repeated ICD discharges can occur, 
including electrical storm events. Frequent ICD discharges 
are associated with worse clinical outcome and decreased 
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quality of life [1, 2]. Furthermore, electrical storm events 
and their recurrence represent a life-threatening condition. 
Antiarrhythmic drugs are the usual initial treatment, followed 
by catheter ablation [3]. When radiofrequency ablation (RFA) 
is not feasible or not readily available and treatment with 
beta-adrenolytics and amiodarone is ineffective, mexiletine 
could be an important therapeutic option in decreasing the 
recurrence of electrical storm events, ventricular tachyarrhyth-
mia, and ICD discharges. This study aimed to evaluate the 
efficacy and tolerability of mexiletine in patients with recurrent 
ventricular tachyarrhythmias and/or electrical storm events, 
in whom standard treatment strategies failed.

METHODS
Patient selection

We performed a retrospective cohort analysis of all patients 
treated with mexiletine for recurrent VT/VF in our institution 
between January 2011 and September 2015. All except one 
patient had an ICD implanted. One patient refused ICD im-
plantation. We analysed patients’ medical records, updated 
on routine follow-up visits, and ICD interrogation.

Indication for mexiletine treatment
In 12 patients mexiletine treatment was started after the 
episode of electrical storm (three or more separate episodes 
of VT/VF demanding ICD discharge in a period of 24 h). In 
five patients mexiletine was administrated due to numerous 
recurrent VT/VF that did not fulfil criteria for electrical storm. 
In the studied group standard pharmacological treatment 
and/or RFA did not prevent the occurrence of ventricular 
tachyarrhythmia. Mexiletine treatment was indicated in three 
groups of patients: 1) in patients with previous history of un-
successful treatment with RFA and optimal medical therapy 
(including amiodarone if feasible) not qualified to next RFA; 
2) in patients previously not treated with RFA, awaiting the 
procedure, in whom primarily lidocaine efficacy followed by 
mexiletine efficacy was proven in in-hospital condition; 3) in 
patients unsuccessfully treated with optimal medical therapy, 
without history of previous RFA, and not qualified to ablation 
procedures due to contraindications.   

Antiarrhythmic therapy
Every patient before starting mexiletine treatment was treated 
unsuccessfully with other antiarrhythmic drugs or side effects 
occurred. All patients were treated with beta-adrenolytic drugs 
in maximal tolerable dose, and this treatment was continued 
after mexiletine was started. The attempt of amiodarone 
treatment was made in 15 out of 17 patients (88%). When 
treatment with amiodarone was unsuccessful or side effects 
and intolerance of treatment occurred, the drug was discon-
tinued. Depending on underlying disease, optimal medical 
therapy was administrated. 

Catheter radiofrequency ablation
Catheter RFA of ventricular tachyarrhythmia was considered 
in every patient included in the study. Ablation was finally 
performed in 12 out of 17 patients (70%). In seven out of 
12 patients, ablation was performed before mexiletine treat-
ment was started, in four patients during treatment with 
mexiletine, and in one patient after unsuccessful mexiletine 
treatment. In four out of five patients in whom mexiletine 
was started before RFA the drug was not continued after the 
procedure. Only one patient with a history of two previous 
unsuccessful RFAs treatment with mexiletine was continued 
after the subsequent ablation procedure.  

Five patients were not qualified to RFA: three patients 
because of high risk of procedure, one patient because of 
severe symptoms of heart failure, and one patient because of 
electrical storm due to reversible cause in a course of acute 
coronary syndrome treated successfully with percutaneous 
coronary intervention (PCI).

ICD programming
Detection zones and arrhythmia therapy programming in 
patients with ICD (16 out of 17 patients) was individualised. 
Two and three detection zones were programmed in six and 
nine patients, respectively. One patient was programmed with 
one zone. Average VT detection zone was 165 bpm (distribu-
tion 136–200 bpm) and 221 bpm (distribution 200–250 bpm) 
for VF detection zone. During mexiletine therapy detection 
zones were reprogrammed in four patients due to particular 
ventricular tachyarrhythmia occurrence. Mexiletine treatment 
itself was not an indication for detection zone reprogramming.

Study endpoints
The primary endpoints were total number of VT/VF episodes 
and electrical storm events after beginning mexiletine therapy. 
Secondary endpoints were total number of ICD therapies and 
discontinuation of therapy. The events while on mexiletine 
treatment were compared with a matched duration period 
just before initiation of mexiletine. The study was approved 
by the Local Ethics Committee.

Statistical analyses
Numerical variables were presented as arithmetic mean 
values with standard deviation when normally distributed or 
as median with interquartile range for non-normal distribu-
tions. Significance of differences was verified with paired 
Student’s t-test or Wilcoxon’s rank sum paired test, as ap-
propriate. Categorical variables were expressed as absolute or 
relative frequency. Comparison of them was performed using 
c2 test, or in cases of a minimum expected count less than 
five, the Fisher exact test. Differences in event-free survival 
over time were analysed by the Kaplan-Meier method. The 
log-rank test was used to compare the survival curves. P-values 
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from two-sided tests of < 0.05 were considered statistically 
significant. Statistical analysis was performed with SAS 9.2 (SAS 
Institute Inc., Cary NC, USA) software.

RESULTS
Seventeen patients were included in the study; 11 patients 
were males. Mean age was 64.2 ± 15.4 years. The median 
time of mexiletine treatment was eight months (interquartile 
range [IR]: 1–22 months). The starting dose of mexiletine was 
600 mg/day in 13 patients and 400 mg/day in four patients. In 
these four patients, the dose was modified during treatment 
in a range from 400 to 600 mg/day because of weak drug 
tolerance. Baseline clinical characteristics of the studied group 
are presented in Table 1 and concomitant pharmacological 
treatment in Table 2. 

Efficacy of mexiletine treatment
Efficacy of mexiletine treatment was evaluated by comparing 
recurrence of electrical storm events, incidence of VT/VF, and 
number of ICD interventions during mexiletine treatment 
with the same period of time directly before initiation of 
mexiletine (Table 3).  

Tolerability and safety of mexiletine treatment
Mexiletine tolerability without notable side effects was ob-
served in 10 (58.8%) patients. In four (23.5%) patients, mild 
temporary side effects were observed, which did not require 
discontinuation of therapy (in two patients temporary and 
mild abdominal pain, in one patient extremities tremor, in 
one patient dizziness). Therefore, in 14 out of 17 patients 
(82.4%) a sufficient tolerability of mexiletine was observed. 
Only in three (17.6%) patients severe side effects of mexiletine 
treatment occurred requiring discontinuation of treatment (in 
two patients severe abdominal pain, in one patient severe 
dizziness). All side effects of mexiletine treatment occurred 
during several days after initiation of therapy. No deaths were 
observed during mexiletine therapy. 

DISCUSSION
In most clinical studies, recurrence of ventricular tachyar-
rhythmias in ICD patients appear in 20–30%. This percent-
age is even higher in secondary prevention [1, 2]. In acute 
phase, especially in the case of electrical storm event, it is 
important to treat and exclude reversible causes such as 
acute coronary syndrome, myocardial ischaemia, or electro-
lyte abnormalities. Sedative drugs are especially helpful in 
terminating ventricular tachyarrhythmias and recurrence of 
ICD discharges. Antiarrhythmic drugs are the usual long-term 
treatment strategy, and in most patients amiodarone is chosen 
in the first line. Although amiodarone or sotalol may reduce 
ventricular tachyarrhythmias, they are often ineffective or may 
not be tolerated [4, 5]. 

Current clinical guidelines recommend catheter ablation 
as the treatment of choice in patients after electrical storm 

Table 1. Baseline clinical characteristics

Underlying heart disease:

CAD 11 (64.7%)

Non-CAD: 6 (35.3%)

DCM 2

Heart sarcoidosis 1

ARVC 1

LQTS 1

Idiopathic VF 1

LVEF [%] (mean, range) 29.4 ± 15.4

NYHA class: I/II/III/IV 2/9/5/1

ICD/CRT-D/PM 12/4/1

Prophylaxis:

Primary 5 (29.4%)

Secondary 11 (64.7%)

Concomitant diseases:

Hypertension 11 (64.7%)

Hyperlipidaemia 13 (76.5%)

Diabetes mellitus 5 (29.4%)

Atrial fibrillation 9 (52.9%)

Chronic kidney disease 5 (29.4%)

COPD 1 (5.9%)

Data are presented as number (percentage) of patients; ARVC — 
arrhythmogenic right ventricular cardiomyopathy; CAD — coronary 
artery disease; COPD — chronic obstructive pulmonary disease; CRT-D 
— cardiac resynchronisation therapy-defibrillator; ICD — implantable 
cardioverter-defibrillator; LVEF — left ventricular ejection fraction;  
LQTS — long QT syndrome; NYHA — New York Heart Association;  
PM — pacemaker; VF — ventricular fibrillation

Table 2. Pharmacological treatment

ANTIARRHYTHMIC DRUGS

Beta-adrenolytics: 17 (100%)

bisoprolol (mean dose 8.33 mg/day) 9

carvedilol (mean dose 45.5 mg/day) 3

metoprolol (mean dose 58.33 mg/day) 3

propranolol (mean dose 210 mg/day) 2

Amiodarone 15 (88%)

CONCOMITANT MEDICATIONS

ACE-I 10 (58.8%)

ARB 2 (11.8%)

Statins 13 (76.5%)

ASA 12 (70.6%)

Eplerenone/spironolactone 8/6 (82.4%)

VKA/NOAC 4/3 (41.2%)

Data are presented as number (percentage) of patients; ACE-I — angio-
tensin converting enzyme inhibitor; ARB — angiotensin II receptor 
blocker; ASA — acetylsalicylic acid; NOAC — non-vitamin K oral  
anticoagulant; VKA — vitamin K antagonist
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events (level of evidence IB), whereas after the first episode 
of VT/VF with ICD intervention RFA should be considered 
(level of evidence IIA) [3]. However, efficacy of this treat-
ment is limited [6, 7]. In our study recurrence of ventricular 
tachyarrhythmias in seven patients with history of RFA before 
treatment with mexiletine occurred after an average of five 
months (range from one to 16 months). 

Some patients require repeated procedures carrying 
higher risk of potential complications. Other patients may 
have contraindications to RFA or amiodarone. What is more, 
serious complications of amiodarone may occur during treat-
ment, which limits its use. In a study comparing treatment 
of amiodarone with ICD pulmonary toxicity was suspected 
in 3% of the patients treated with amiodarone at one year 
and 5% at two years. Thyroid replacement medication was 
prescribed for 10% of the patients treated with amiodarone 
by one year and 16% by two years [2]. Almost 40% of patients 
treated with amiodarone discontinue medication in median 
follow-up of 21 months. The most common causes of discon-
tinuation are thyroid abnormalities, followed by pulmonary 
and gastrointestinal disorders [8].

In our study, previous amiodarone treatment was present 
in 15 (88%) patients, but 11 of them (73%) required discon-
tinuation of therapy. Amiodarone was not started in two young 
patients, due to possible long-term complications. Only three 
patients continued concomitant treatment with amiodarone 
and mexiletine. The most frequent reasons for discontinua-
tion of amiodarone were thyroid complications (seven out 
of 11 patients, 64%), inefficacy of treatment (two patients), 

early intolerance (one patient), and ophthalmic complications 
(one patient). 

Data concerning the efficacy of mexiletine in patients 
with ICD and recurrent VT is limited. Mexiletine successfully 
reduced the number of premature ventricular contractions 
as well as VT, without compromising ejection fraction of 
left ventricle in some studies [9, 10]. Despite these findings 
caution should be taken during mexiletine treatment in 
patients with decreased ejection fraction, and this requires 
further studies. In our study, treatment with mexiletine was 
preceded by unsuccessful optimal medical therapy and/or 
RFA. Dongsheng Gao et al. [11] proved that in patients in 
whom treatment with amiodarone was unsuccessful, add-
ing mexiletine reduced  number of VT and ICD shocks, but 
only in a short-term observation. The efficacy of mexiletine 
decreased relevantly in 12-month observation. 

In our study, treatment with mexiletine significantly 
reduced the number of electrical storm events (14 episodes 
vs. two episodes; median and IR for 17 patients: 1 [0–1] 
vs. 0 [0–0], p = 0.0010), VT/VF episodes (285 vs. 74 epi-
sodes; median and IR for 17 patients: 7 [5–27] vs. 0 [0–5], 
p = 0.0115), and ICD interventions (317 interventions vs. nine 
interventions; median and IR for 17 patients: 10 [5–25] 
vs. 0 [0–2], p = 0.0006], in comparison with a matched period 
before initiation of treatment. 

In the majority of patients mexiletine was used in 
a short-term period. In five patients it was used as a “bridging 
therapy” after successful treatment with intravenous lidocaine 
in acute phase, showing good short-term efficacy until the 

Table 3. Ventricular tachyarrhythmias and implantable cardioverter-defibrillator (ICD) interventions before and after mexiletine 
introduction

Ventricular tachyarrhythmias  

and ICD interventions

Before mexiletine  

introduction

After mexiletine  

introduction

P

Electrical storm events Number of patients 12 (70.6%) 2 (11.8%) 0.0005

Number of episodes 14 episodes 2 episodes 0.0010

Median [IR] For all 17 patients: 1 [0–1] For all 17 patients: 0 [0–0]

For 12 patients with  
electrical storm: 1 [1–1] 

For 2 patients with  
electrical storm: 1 [1–1]

1.000

VT/VF episodes Number of patients 17 (100%) 6 (35.3%) < 0.0001

Number of episodes 285 episodes 74 episodes 0.0115

Median [IR] For all 17 patients: 7 [5–27] For all 17 patients: 0 [0–5] 

For 17 patients with VT/VF 
episodes: 7 [5–27] 

For 6 patients with VT/VF  
episodes: 8 [5–61]

0.8125

ICD interventions (HV + ATP) Number of patients 16 (94.1%) 5 (29.4%) < 0.0001

Number of interventions 317 interventions 9 interventions 0.0006

Median [IR] For all 16 patients: 10 [5.5–25] For all 16 patients: 0 [0–2] 

For 16 with ICD  
interventions: 10 [5.5–25]

For 5 patients with ICD  
interventions: 4 [3–13]

0.3125

Data are presented as number (percentage) of patients and median with interquartile range (median [IR]); p-values of < 0.05 were considered 
statistically significant; ATP — anti-tachycardia pacing; HV — high voltage therapy; VT/VF — ventricular tachycardia/ventricular fibrillation
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time of RFA. In these patients the average time between in-
troduction of mexiletine treatment and RFA procedure was 
3.2 months (range from one to eight months). 

The presented study also proves that mexiletine treatment 
could be continued in the long term. The average treatment 
period with mexiletine was eight months (IR 1–22 months), 
but six patients were treated for longer than 12 months, 
and in one patient treatment could be continued for up to 
57 months successfully. 

Mexiletine, together with ICD implantation and 
beta-adrenolytic therapy, potentially could be used in the 
long term in patients with distinct genetically mediated chan-
nelopathies, including long QT syndrome (LQTS). In patients 
with LQTS type 3 (LQTS 3), blocking late sodium current 
(INa) in phase 0 and 1 of the activation potential mexiletine 
shortens the QT interval, decreases dispersion of repolarisation 
between epi- and endocardium, and as a result diminishes 
recurrence of polymorphic VT [12]. In experimental studies 
mexiletine also decreased dispersion of repolarisation in LQTS 
type 1 and 2 (LQTS 1, LQTS 2) as well as reducing the number 
of ventricular tachyarrhythmias in case studies of patients with 
Andersen-Tawil syndrome [13] and Timothy syndrome [14]. 

In our study, we present a case of long-term efficacy of 
mexiletine treatment in a patient with LQTS and recurrent 
polymorphic VT and VF with frequent ICD shocks (including 
VT storm) as well as a case of over three years’ efficacy in 
a patient with idiopathic VF and numerous ICD interventions 
before initiation of mexiletine therapy. 

Our study is concordant with previous studies showing 
that treatment with mexiletine is safe and sufficiently tolerated 
[8–11]. The percentage of patients with mexiletine intolerance 
was low (18%).

The study indicates that treatment with mexiletine may 
be effective and safe in patients with ICD and frequent ven-
tricular arrhythmias and ICD shocks, regardless of the aetiology 
of heart disease.

Unfortunately, in some European countries, including 
Poland, mexiletine is not readily available on the market. In 
Poland, the necessity of drug import with time-consuming 
formal procedures limits its use.

Limitations of the study
It was a small single-centre retrospective cohort study, with 
a heterogeneous group of patients and no control group. The 
natural course of VT/VF events, reprograming of detection 
zones of ICD, and use of concomitant pharmacotherapy and 
RFA may have contributed to the occurrence of events after 
mexiletine introduction.

CONCLUSIONS
1. Mexiletine is a sufficiently tolerated antiarrhythmic drug 

in short-term treatment of ventricular tachyarrhythmias 
in the studied population.

2. Mexiletine may be effective in the treatment of recurring 
ventricular tachyarrhythmias or electrical storm events.

Conflict of interest: none declared
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S t r e s z c z e n i e

Wstęp: Leczenie antyarytmiczne pacjentów z nawracającymi złożonymi komorowymi zaburzeniami rytmu serca, u których 
ablacja prądem o wysokiej częstotliwości lub amiodaron okazały się nieskuteczne lub są przeciwskazane, stanowi istotny 
problem kliniczny.

Cel: Badanie ma na celu ocenę skuteczności i tolerancji leczenia mexiletyną u pacjentów z nawracającymi komorowymi 
zaburzeniami rytmu serca i/lub incydentami burzy elektrycznej, u których standardowe strategie terapeutyczne okazały się 
nieskuteczne w zapobieganiu ich nawrotom.

Metody: Dokonano retrospektywnej analizy wszystkich pacjentów leczonych mexiletyną z powodu nawracających częstoskur-
czów komorowych i/lub migotań komór (VT/VF) między styczniem 2011 roku a wrześniem 2015 roku w ośrodku, w którym 
pracują autorzy niniejszej pracy. Pierwszorzędowy punkt końcowy badania stanowiła całkowita liczba epizodów burzy elek-
trycznej oraz epizodów VT/VF po włączeniu leczenia mexiletyną. Drugorzędowe punkty końcowe stanowiły: całkowita liczba 
terapii za pomocą implantowanego kardiowertera-defibrylatora (ICD) w trackie leczenia mexiletyną oraz odsetek zaprzestania 
terapii mexiletyną. Zdarzenia określane jako punkty końcowe w trakcie terapii mexiletyną porównywano z analogicznym 
okresem przed zastosowaniem leku.

Wyniki: Do badania włączono 17 pacjentów, w tym 11 mężczyzn. Średni wiek chorych wynosił 64,2 ± 15,4 roku, a śred-
ni czas leczenia mexiletyną — 8 miesięcy (przedział międzykwartylowy [IR]: 1–22 miesięcy). Dawka dobowa mexiletyny 
wyniosła 600 mg u 13 pacjentów oraz 400 mg u 4 pacjentów. U 4 osób dawka mexiletyny była modyfikowana w trakcie 
terapii w zakresie od 400 do 600 mg na dobę, w zależności od sytuacji klinicznej. Leczenie mexiletyną spowodowało istotną 
redukcję epizodów burzy elektrycznej (14 epizodów vs. 2 epizody; średnia oraz IR dla 17 pacjentów: 1 [0–1] vs. 0 [0–0]; 
p = 0,0010), epizodów VT/VF (285 vs. 74 epizody; średnia oraz IR dla 17 pacjentów: 7 [5–27] vs. 0 [0–5]; p = 0,0115] oraz 
interwencji ICD (317 vs. 9 interwencji; średnia oraz IR dla 17 pacjentów: 10 [5–25] vs. 0 (0–2); p = 0,0006) w porównaniu 
z analogicznym okresem przed włączeniem leku. U 14 z 17 chorych (82%) zaobserwowano zadowalającą tolerancję leczenia 
mexiletyną. Tylko u 3 (18%) osób wystąpiły nasilone objawy uboczne wymagające odstawienia leku.

Wnioski: Mexiletyna jest bezpiecznym i zadowalająco tolerowanym lekiem antyarytmicznym w terapii złożonych komorowych 
zaburzeń rytmu serca w badanej populacji w okresie krótkoterminowym. Leczenie mexiletyną pacjentów z nawracającymi 
częstoskurczami komorowymi i epizodami burzy elektrycznej może być skuteczne w zapobieganiu jej nawrotom. 

Słowa kluczowe: burza elektryczna, implantowany kardiowerter-defibrylator, mexiletyna, komorowe zaburzenia rytmu serca
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