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Introduction
Idiopathic ventricular fibrillation (IVF) is a rare disorder 

encountered in only 3% to 9% of cases of out-of-hospital ventricular 
fibrillation (VF) not related to an acute coronary syndrome. The 
majority of patients without apparent structural heart disease who died 
suddenly do not actually have “normal” hearts. In a small number of 
cases of survivors of sudden cardiac death (SCD), despite extensive 
clinical evaluation, no underlying structural heart disease can be found. 
SCD in the truly normal heart is an uncommon occurrence. Most 
individuals suffering from SCD become unconscious within seconds 
to minutes as a result of insufficient cerebral blood flow. There are 
usually no premonitory symptoms or signs. Although the risks of SCD 
are higher in patients with structural heart disease, and the underlying 
pathophysiology for the majority of these deaths is due to coronary 
artery disease, SCD events also occur in individuals with apparently 
normal hearts [1-5]. 

In the past decade, increasing attention has focused on this group 
of survivors of out-of-hospital cardiac arrest, which is also known as 
IVF [1-3]. The etiology of many of these deaths was unknown and 
deemed “idiopathic.” However, subsequent discoveries have identified 
the cause of death in many of these patients. The typical clinical 
characteristics of IVF were summarized and are stated in the Table 1. 
The mode of onset of spontaneous arrhythmias in IVF is due to the 
triggering of rapid polymorphic VT/VF by premature ventricular 
contractions (PVCs) with very short coupling intervals (R-on-T 
phenomenon). Haissaguerre et al demonstrated that the short-coupled 
PVCs triggering VF in this disease are very-early PVCs originating 
from Purkinje fibers [6]. The differential diagnosis of IVF included 
the following arrhythmia-disorders: the long QT syndrome [7-9], 
the catecholamine sensitive polymorphic VT (CPVT) [10], and the 
syndrome of nocturnal sudden death of South East Asia [11]. However, 
in 1992, the Brugada brothers described patients with otherwise IVF 

who had a peculiar electrocardiogram showing right bundle branch 
block with persistent ST-segment elevation in the right precordial leads 
[12]. It soon became evident that more than 20% of patients thought 
until then to have IVF had the Brugada syndrome [13]. Moreover, 
in 1997 it became clear that the syndrome of unexplained nocturnal 
sudden death in South East Asia was in fact, an endemic manifestation 
of the Brugada syndrome in Asia [14]. More recently, patients with the 
congenital short QT syndrome [15,16] proved to have inducible [15], 
and spontaneous [17,18] ventricular arrhythmias indistinguishable 
from those of IVF patients. Therapy for IVF patients may include 
ICD implantation, drug therapy, radiofrequency catheter ablation 
of the triggering focus or combinations of the above. Although ICD 
implantation is the treatment of choice in IVF, in this article, it will 
be discussed the role of pharmacological treatment in the therapeutic 
management of IVF. Is there still a place for pharmacological treatment 
in IVF?

Abstract
Sudden cardiac death in the truly normal heart is an uncommon occurrence. The majority of patients without 

apparent structural heart disease who died suddenly do not actually have “normal” hearts. Idiopathic ventricular 
fibrillation (IVF) is an uncommon disease of unknown etiology that manifests as syncope, cardiac arrest or seizures 
caused by rapid polymorphic ventricular tachycardia (VT) or VF in the absence of structural heart disease or 
identifiable channelopathy. Usually during an arrhythmic storm, it is relatively easy to diagnose IVF in a cardiac arrest 
survivor when the onset of spontaneous polymorphic VT/VF can be recorded, and this shows initiation of polymorphic 
VT/VF by very short coupled ventricular ectopy. IVF is essentially a diagnosis by exclusion. However, typical clinical 
and electrophysiological characteristics present in some patients often allows for a positive diagnosis. Since the rate 
of recurrence of malignant ventricular arrhythmias in IVF is unacceptably high in the absence of therapy, once a 
diagnosis of IVF is made, some form of therapy is mandatory. Therapy may include ICD implantation, drug therapy, 
radiofrequency catheter ablation of the triggering focus or combinations of the above. This article will discuss the 
role of pharmacological treatment in the therapeutic management of IVF. Is there still a place for pharmacological 
treatment in IVF? Yes, there is still a place for pharmacological treatment in the therapeutic armamentarium of IVF 
in carefully selected, individually well documented patients.
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S No Clinical features of Idiopathic Ventricular Fibrillation
1 The onset of symptoms during early adulthood in both genders.

2 The relatively high incidence of arrhythmic storms with clusters of VF 
episodes.

3 The high inducibility rate of VF with programmed ventricular stimulation.
4 Adequate response to quinidine therapy in EPS-guided patients.

Table 1: Clinical features of Idiopathic Ventricular Fibrillation.
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Electrophysiological properties in IVF

Induction of polymorphic VT by programmed ventricular 
stimulation is often viewed as an artifact or a non-clinical arrhythmia in 
patients without organic heart disease. In addition, the odds of inducing 
polymorphic VT or VF are inversely related to the coupling intervals 
used during programmed ventricular stimulation with extra-stimuli. 
Therefore, induction of sustained polymorphic VT and VF in patients 
with a history of cardiac arrest may be clinically relevant. Moreover, the 
spontaneous arrhythmias leading to cardiac arrest in IVF are indeed 
polymorphic and are precipitated by PVCs with a short coupling 
interval. Thus, whenever IVF is suspected following an episode of 
cardiac arrest, protocols of programmed extra-stimulation using short 
coupling intervals should be considered. Electrophysiological studies 
in animals and humans have determined the existence of a vulnerable 
period in the cardiac cycle, during which a single premature stimulus of 
appropriate strength can reproducibly induce VF. The most vulnerable 
phase, as judged from the stimulus strength needed to induce VF, is 
the upslope of the T wave, but the peak and early phases of the T wave 
down-slope are also within this vulnerable phase. The clinical R on T 
phenomenon refers to depolarization during this vulnerable period, 
at a time when there is maximal dispersion of refractoriness in the 
ventricle, which leads to functional unidirectional block and multiple 
reentrant waves of VF even in a normal ventricle. Some investigators 
have reported the presence of fractionated right ventricular potentials 
during ventricular extra-stimulation in patients with IVF. Conduction 
block was found responsible for wave front fractionation and re-entry, 
an important mechanism in proliferation of wave fronts and rotors 
during VF. 

There are some interesting findings that shed some light into 
the understanding of the mechanism and etiology of IVF. At almost 
8 decades after the original description of IVF [1], the etiology of 
this disorder still remains a mystery. There are some clinical and 
electrophysiological data which suggest that IVF is a channelopathy. 
The spontaneous and inducible ventricular arrhythmias of IVF 
are remarkably similar to those observed in two well-described 
channelopathies involving hereditary malfunction of sodium channels 
(Brugada syndrome) [19] or potassium channels (short QT syndromes) 
[20-22]. Moreover, patients with the Brugada syndrome may have 
the typical diagnostic electrocardiogram with ST segment elevation 
in the right precordial leads at some times, but may have normal or 
near-normal electrocardiograms at other times, making distinction 
of patients with IVF and Brugada syndrome challenging. In fact, a 
diagnosis of IVF is not considered definite until the Brugada syndrome 
with near normal electrocardiogram is excluded by performing a 
drug-challenge with a sodium-channel blocker, namely, ajmaline 
[23-25], flecainide [25-27], disopyramide [28] or procainamide [29]. 
These drugs will worsen any inborn malfunction of sodium channels, 
augmenting the ST segment elevation in up to 40% of patients with 
Brugada syndrome who have a normal electrocardiogram [19,25,30]. 
On the other hand, the fact that only a minority of patients with IVF 
report a familial history of sudden death [3,31-36] is a strong argument 
against the role of genetic channelopathies in this disease. 

The electrocardiogram of patients with IVF is normal during sinus 
rhythm. Japanese investigators reported that patients with IVF often 
have J-point elevation in the inferior leads [37]. Male patients with IVF 
have a disproportionably high prevalence of relatively short QT [18]. 
The Tpeak-Tend interval, that is the interval from the summit to the 
end of the T wave, which is a marker of the ventricular dispersion of 
repolarization and arrhythmic risk in the long QT syndromes [38,39] 

and Brugada syndrome [40-43], is normal in IVF [18]. PVCs only 
rarely occur in patients with IVF, but when they do, they have varying 
coupling intervals with some PVCs closely coupled to the preceding 
complex. There appears to be an inverse relationship between the 
coupling interval of the PVCs and the risk for malignant arrhythmias 
with longer bursts of polymorphic VT triggered by PVCs with shorter 
coupling intervals [32]. There are observations that support the notion 
that IVF has a focal origin. In this regard, Haissaguerre et al recently 
proposed that IVF represents a “focal VF” triggered by ectopic beats 
originating from Purkinje fibers [33]. These Purkinje PVCs are so 
premature that fall on the vulnerable period of the surrounding 
ventricular tissue, initiating reentrant VF. Radiofrequency ablation 
directed to this very early VPC with a recorded Purkinje potential 
terminated IVF in selected patients. The very-early Purkinje ectopic 
beats have been demonstrated by intracardiac recordings [33] but the 
reason for this very-premature focal activity remains to be determined.

Electrophysiological studies performed in patients with IVF 
demonstrate normal A-H and H-V intervals, and their ventricular 
refractory periods are within normal limits [2,44]. This is in contrast 
to patients with Brugada syndrome, who often have prolonged H-V 
interval [12] and patients with short QT syndrome, who invariably 
have short refractory periods in the atrium and the ventricle [15,45,46]. 
The ventricular arrhythmias induced by programmed ventricular 
stimulation are invariably of polymorphic morphology, namely 
polymorphic VT or VF. Induction of monomorphic VT excludes the 
diagnosis of IVF. This is different in patients with Brugada syndrome 
who also have primarily VF [47], but rarely have monomorphic VT 
[48-53]. The inducibility rate is a function of the protocol used during 
programmed ventricular stimulation. In earlier small studies, 9% of 
healthy individuals without documented or suspected spontaneous 
ventricular arrhythmias had inducible VF when the coupling intervals 
were limited only by ventricular refractoriness. Moreover, an additional 
40% had inducible non-sustained polymorphic VT and this lead to 
premature discontinuation of the pacing protocol. Therefore, one must 
recognize that at least 9% of healthy individuals will have inducible VF 
if aggressive protocols of extra-stimulation are utilized [54-56]. On the 
other hand, as many as 80% of patients with IVF have inducible VF 
with aggressive protocols of extra-stimulation consisting of double and 
triple ventricular extra-stimuli at two right ventricular pacing sites and 
using repetition of extra-stimulation at the shortest coupling interval 
that captures the ventricle [44,57]. This very high-inducibility rate 
suggests that the induction of VF, with aggressive protocols of extra-
stimulation, is a valid endpoint of programmed ventricular stimulation 
that then may be used for guiding anti-arrhythmic therapy in patients 
with IVF.

Recently, using endocardial recordings in patients with IVF at a 
time when they had frequent spontaneous PVCs and/or bursts of 
polymorphic VT, the investigators were able to locate the site of origin 
of these ventricular arrhythmias in 27 patients [32,33]. Successful 
localization of the site of origin of the ventricular arrhythmias 
was guided by recording of very early endocardial electrograms 
and confirmed by abolition of ventricular arrhythmias following 
radiofrequency ablation of the firing focus. Purkinje potentials were 
recorded at the site of origin of ventricular arrhythmias in 23 (85%) out 
these 27 patients. The Purkinje potentials preceded the local myocardial 
activation by 11 ± 5 ms during sinus rhythm and by 10 ± 15 ms during 
spontaneous PVC [32]. Based on these endocardial recordings, it seems 
that the arrhythmias in IVF have a focal origin and that the triggering 
focus is within the Purkinje fibers in the majority of patients. Of note, 
the firing focus was not within the Purkinje network in only 4 (15%) 



Citation: Centurión OA (2014) Therapeutic Management in the Idiopathic Ventricular Fibrillation: Is there Still a Place for Pharmacological Treatment? 
J Bioequiv Availab 6: 128-133. doi:10.4172/jbb.1000192

J Bioequiv Availab
ISSN: 0975-0851 JBB, an open access journal Volume 6(4): 128-133 (2014) - 130 

patients and in all these patients the arrhythmias originated in the right 
ventricular outflow tract (RVOT). Other sites were also described in 
detail, Noda and Shimizu recently reported a large series of patients 
with polymorphic VT/VF originating in the RVOT [41,58]. 

Prognosis and therapeutic management in IVF 

Among survivors of SCD due to IVF, the reported rate of recurrent 
VF ranges between 22 and 37 percent at two to four years. Because 
they have no structural heart disease, these patients have an excellent 
prognosis for long-term survival if VF is prevented. As a result, such 
patients are best treated with an ICD. At a mean follow-up of 6 years, 
more than 40% of patients have recurrent VF and the risk is higher for 
those with normal electrocardiograms, that is, after excluding those with 
possible Brugada syndrome [59]. In a recent series of IVF patients with 
the exclusion not only of those with Brugada-type electrocardiogram 
at baseline but also those who developed ST-segment elevation when 
challenged with sodium channel blockers, the risk for recurrent VF was 
39% at 3 years [34]. Therefore, once a diagnosis of IVF is made, some 
form of acatheter ablation of the triggering focus or combinations of 
the above. 

Pharmacological therapy: The very first IVF patients were treated 
with quinidine after multiple episodes of spontaneous polymorphic 
VT and VF were clearly documented. Both patients had an excellent 
response. Quinidine may exert its beneficial effects by inhibiting 
the transient outward potassium current (Ito), thereby restoring 
electrical homogeneity. In addition, quinidine prolongs ventricular 
refractoriness, and its anticholinergic effect might contribute to its 
antiarrhythmic efficacy [1,60-62]. In 1987, the therapy of IVF with 
EPS-guided quinidine was implemented after observing that VF was 
easily inducible at the baseline state but no longer inducible after 
quinidine therapy [2]. Of note, one of the patients included in that 
original report [43], already completed more than 25 uneventful years 
of electrophysiologic-guided therapy with amiodarone and quinidine 
after experiencing arrhythmic storms of VF in the absence of therapy 
and recurrent arrhythmic syncope on amiodarone alone [62]. 

In general there is a high recurrence rate with only pharmacological 
treatment. It was found that the recurrence rate of cardiac arrest was 
high during drug therapy with amiodarone, beta-blockers or verapamil 
[3]. The high-rate of arrhythmia recurrence with verapamil is worth 
noting because that drug was empirically administrated to treat the 
short-coupled variant of torsade de pointes [4], an entity that probably 
represents IVF. In contrast, there was no recurrence reported with 
quinidine [3]. The criteria for quinidine therapy in IVF survivors are 
stated in Table 2, and may be summarized as follows: Of 34 patients 
with IVF with aborted sudden cardiac arrest, 26 (80%) had inducible 
VF at baseline electrophysiologic study and all but one of them were 
rendered non-inducible with quinidine. Side effects from quinidine 
led to discontinuation of quinidine therapy in 14% of our patients. 
Although, quinidine therapy was well tolerated in most patients, 
some presented thrombocytopenia, intolerable diarrhea, esophagitis, 
allergic reactions, and aggravation of sinus node dysfunction. These 

side effects usually appeared within the first month and in all instances 
resolved with drug discontinuation. Nevertheless, 23 patients remained 
on quinidine therapy without ICD back-up, and all are alive and 
completely free of arrhythmic symptoms that now exceeds 10 years. It 
is very important to consider the risks of most anti-arrhythmic drugs 
with regard to the potential for loss of efficacy or pro-arrhythmia 
under a number of clinical conditions including hypokalemia, 
hypomagnesemia, bradycardia, therapy with other agents that alter 
repolarization, metabolic inhibitors, and changes in myocardial 
substrate. Nevertheless, it is no longer recommend the empiric use of 
quinidine for non-inducible patients, a subgroup of patients for whom 
ICD implantation is mandatory. The excellent response of VF storms 
in IVF with Brugada syndrome has also been repeatedly reported [63-
65].

Amiodarone may be used as an alternative therapy during acute 
episodes of ventricular arrhythmias. During acute amiodarone 
treatment, rapid intravenous administration blocks fast sodium 
channels in a use-dependent fashion that is, producing more channel 
blockade at faster heart rates. It also inhibits norepinephrine release, 
and blocks L-type calcium channels but does not prolong ventricular 
refractoriness. Conversely, in oral amiodarone therapy, prolonged 
ventricular refractory periods are seen over periods ranging from days 
to weeks [66-68]. Amiodarone has few negative inotropic effects and 
is safe in patients who have depressed systolic function. Moreover, 
the incidence of torsades de pointes is low in such patients despite the 
potential for significant prolongation of the QT interval. Amiodarone 
can be effective even when other agents have been ineffective. Levine 
and colleagues [69] examined patients who were refractory to lidocaine, 
procainamide, and bretylium therapy. When amiodarone was given, 
46% of the patients survived for 24 hours without another episode 
of VT/VF, and another 12% responded after taking amiodarone 
plus another agent. In short-term use of the drug, side effects were 
rare. Amiodarone is also effective as adjunctive therapy to prevent 
recurrent ICD shocks [70]. Although long-term amiodarone therapy is 
usually successful, substantial side effects include pulmonary fibrosis, 
hypothyroidism, liver toxicity, and corneal deposits.

Although several β-blockers decrease susceptibility to VF, most 
of the studies have focused on propranolol [71]. In a canine study 
[72] β-blocker drugs increased the fibrillation threshold 6-fold under 
ischemic and non-ischemic conditions. The improvement was greater 
with the use of more potent β-blockers and those that antagonized 
both the β1 and β2 receptors. It was shown that propranolol decreases 
sympathetic outflow more than does metoprolol [73]. The lipophilic 
nature of propranolol enables active penetration of the central nervous 
system and the blockade of central and pre-junctional receptors in 
addition to peripheral β receptors [74,75]. Propranolol may effectively 
suppress an IVF episode even when metoprolol has failed [71]. 
Therefore, propranolol is the preferred β-blocker, pending further 
clinical studies. Tsagalou et al. [71] have suggested that the combination 
of amiodarone and propranolol improves survival rates and may be the 
mainstay of therapy in managing electrical IVF storm. 

S No Criteria for quinidine therapy in IVF survivors
1 Diagnosis of IVF with or without Brugada syndrome.
2 Inducible VF in the absence of drugs with programmed ventricular stimulation.
3 No-inducible arrhythmias during oral quinidine therapy despite a very aggressive protocol of ventricular stimulation.
4 Informed consent by a patient who is well informed of the risk and benefits of ICD and quinidine therapy for this disease.

5 Repeated assertion of drug compliance during long-term follow-up (compliance is assessed with quinidine serum levels and quinidine-effect on the QT 
interval).

Table 2: Criteria for quinidine therapy in IVF survivors.
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Radiofrequency catheter ablation: Catheter-based radiofrequency 
ablation of the triggering focus is now an accepted mode of therapy 
for IVF. The optimal timing for the electrophysiologic mapping and 
ablation procedure is when the patient has frequent PVCs. The origin 
of the PVCs is localized by mapping the earliest site of electrical activity 
and/or pace mapping. Purkinje origin is identified by the Purkinje 
potential, a sharp spike of less than 10 ms duration, occurring before 
the PVC. Radiofrequency ablation has been used primarily to treat 
patients with implanted ICDs who are receiving multiple ICD shocks 
because of arrhythmic storms [32,76,77]. The first successful ablation 
was reported by Aizawa in 1992 [76] whereas relatively large series have 
been reported by others [32,33,58]. The series of Haissaguerre [32,33] 
and Noda and Shimizu [58] differ in the site of origin of the targeted 
arrhythmias: Noda and Shimizu targeted polymorphic VT originating 
from the RVOT [58]. In contrast, 85% of the polymorphic ventricular 
arrhythmias ablated by Haissaguerre et al. [32] were mapped to the 
Purkinje system in the right or left ventricle while the site of origin of 
the VF was in the RVOT in only 4 (15%) patients. An acute successful 
ablation was achieved in all cases while 24 patients (89%) had no 
recurrence of VF without drug during follow-up. Such favorable results 
do certainly stimulate adopting such a curative option for treating 
patients with IVF. However, since the etiology of IVF is unknown, at 
this moment it is hard to understand that this is a focal disease.

Implantable cardioverter-defibrillator: An implantable 
cardioverter-defibrillator (ICD) is the preferred therapeutic modality 
in most survivors of SCD. An ICD shock does certainly terminate 
an episode of spontaneous or induced IVF. This change in practice 
is based upon improvements in device technology, clinical trials 
demonstrating improved outcomes with an ICD compared to 
pharmacological therapy, and concerns about the toxicity associated 
with antiarrhythmic drugs. No doubt that ICD offers the most 
effective therapy for preventing arrhythmic death in IVF. Indeed, ICD 
implantation is considered the only effective therapy for IVF by most 
authors. However, the complication rate of the implantation procedure 
has also to be considered. In the AVID trial, a large multicenter study 
of ICD implantation for malignant ventricular arrhythmias in patients 
with organic heart disease [78], the risk of adverse events serious 
enough to warrant re-intervention, was 12% [79,80]. Considering that 
an ICD terminates episodes of IVF but does not prevent arrhythmias, 
patients who have frequent symptoms or device discharges from 
recurrent arrhythmias may benefit from adjunctive anti-arrhythmic 
drug therapy, usually beginning with empiric amiodarone. Such drug 
therapy, by reducing the frequency of appropriate shocks, can improve 
the patient’s quality of life. Anti-arrhythmic drugs, again beginning 
with empiric amiodarone, are also indicated in SCD survivors who are 
not candidates for or refuse an ICD. 

Conclusion
In some selected patients, antiarrhythmic drug treatment is still 

an efficient approach, but predicting which patients will respond 
positively to drug treatment is often hampered by the absence of a 
reliable parameter to predict a favourable outcome. The therapy of IVF 
with EPS-guided quinidine may be implemented after demonstrating 
that VF is no longer inducible after quinidine therapy. Drug therapy 
in ICD patients usually begins with empiric amiodarone, or quinidine 
therapy. Such therapy, by reducing the frequency of appropriate 
shocks, can improve the patient’s quality of life. 

ICD therapy is the treatment of choice for patients with both 
primary and secondary prevention with the role of antiarrhythmic 

therapy aimed at reducing the number of recurrences. Implantable 
devices do not prevent arrhythmias, thus, patients who have frequent 
symptoms or device discharges from recurrent arrhythmias may benefit 
from adjunctive anti-arrhythmic drug therapy. Secondary and primary 
prevention trials have demonstrated the superiority of ICD compared 
with antiarrhythmic medication in preventing death. Although, ICD 
therapy represents the gold standard treatment for this condition the 
underlying substrate for the arrhythmia is unchanged by this form of 
therapy. Therefore, an antiarrhythmic drug is needed in this case in 
order to modify the arrhythmic substrate in case of relatively frequent 
episodes of VF. Considering that the trigger for VF is ventricular ectopy 
in the majority of patients, ablation of this trigger lead to abolition of 
VF in many cases. Therefore, catheter ablation is an accepted treatment 
for a number of patients with IVF. The Purkinje network is critical in 
the triggering and maintenance of VF, thus, catheter ablation targeting 
the PVCs or Purkinje potentials responsible for triggering VF was 
shown to be both possible and efficacious in IVF. Although the long-
term results are awaited, the short-term results are very encouraging, 
and the procedure appears robust as it is being repeated by a number 
of different groups around the world. Long-term follow-up studies are 
required to demonstrate whether ablation of the trigger results in a 
definitive cure for these patients. In the meanwhile, yes there is still a 
place for pharmacological treatment in the therapeutic armamentarium 
of IVF in carefully selected, individually well documented patients.
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