
I. Gussak, C. Antzelevitch (eds.), Electrical Diseases of the Heart, 
DOI 10.1007/978-1-4471-4881-4_36, © Springer-Verlag London 2013

629

 Idiopathic ventricular  fi brillation (VF) is an 
uncommon disease that manifests as syncope or 
cardiac arrest caused by rapid polymorphic 
ventricular tachycardia (VT) or VF in the 
absence of organic heart disease. In the  fi rst edi-
tion of this book we wrote that idiopathic VF is 
a disease of unknown etiology. Although this 
remains true for the majority of cases it is now 
clear that many patients with idiopathic VF have 
in fact a genetic channelopathy presenting in 

    S.   Viskin ,  MD   (*)
     Department of Cardiology , 
 Sourasky Tel Aviv Medical Center and Sackler 
School of Medicine, Tel Aviv University ,
  Weizman 6 ,  Tel Aviv   64239 ,  Israel    
e-mail:  saviskin@tasmc.health.gov.il  

     A.   Adler ,  MD   •     B.   Belhassen ,  MD  
     Department of Cardiology ,  Tel Aviv Sourasky Medical 
Center and Sackler School of Medicine, 
Tel Aviv University ,   Tel Aviv ,  Israel    
e-mail:  bblhass@tasmc.health.gov.il   

      Idiopathic Ventricular Fibrillation       
     Sami   Viskin  ,     Arnon   Adler,    and    Bernard   Belhassen           

  Abstract 
 Idiopathic ventricular  fi brillation (VF) is an uncommon disease that manifests as syncope or 
cardiac arrest caused by rapid polymorphic ventricular tachycardia (VT) or VF in the absence of 
organic heart disease. Because the term “idiopathic” means “absence of identi fi able etiology”, 
idiopathic VF is essentially a diagnosis by exclusion. However, typical clinical and electrophysio-
logical characteristics present in some patients often allows for a straight-forward positive diag-
nosis. Moreover, it is now clear that many patients with idiopathic VF have, in fact, a genetic 
channelopathy, presenting in the form of “idiopathic VF with early repolarization” or “congenital 
short QT syndrome (SQTS)”. This chapter summarizes the history of this disease as we know it 
since its  fi rst description in 1929 to the most recent developments in our understanding of its 
pathophysiology. Idiopathic VF leads to syncope or cardiac arrest typically during early adult-
hood and involves a relatively high incidence of arrhythmic storms (with clusters of VF episodes) 
that fail to respond to conventional antiarrhythmic therapy (including amiodarone) but respond 
exquisitely to intravenous isoproterenol and oral quinidine. The mode of onset of spontaneous 
arrhythmias in idiopathic VF, namely, the triggering of rapid polymorphic VT/VF by single ven-
tricular extrasystoles with very short (R-on-T) coupling intervals. The extrasystoles triggering VF 
have been mapped mainly to the His-Purkinje  fi bers in the left ventricle and may be ablated. The 
clinical data linking idiopathic VF to the congenital SQTS and the malignant early repolarization 
syndrome are presented and the genetic mutations so far described are presented.  
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the form of “idiopathic VF with early repolariza-
tion” (discussed in detail in a previous chapter) 
or “congenital short QT syndrome (SQTS) with 
not so short QT interval.” Because the term 
“idiopathic” means “absence of identi fi able eti-
ology” idiopathic VF is essentially a diagnosis 
by exclusion. However typical clinical and elec-
trophysiological characteristics present in some 
patients often allows for a straight-forward pos-
itive diagnosis. 

   History 

 In 1929, Dock published what probably repre-
sents the  fi rst description of idiopathic VF  [  1  ] . 
This case-report describes a 36-year-old male 
with clusters of syncope caused by documented 
VF that terminated spontaneously. Organic heart 
disease was appropriately excluded with the 
technologies then available. Similar case reports 
followed and in 1987 Belhassen published the 
 fi rst series of idiopathic VF  [  2  ] , emphasizing the 
importance of electrophysiological evaluation 
with programmed ventricular stimulation and 
the high ef fi cacy of quinidine for preventing 
inducible and spontaneous VF  [  2  ] . 

 In 1990, we published the  fi rst systematic 
review on idiopathic VF  [  3  ] , including data for 54 
cases published by then. The typical characteris-
tics of idiopathic VF, including the onset of 
symptoms during early adulthood in both gen-
ders, the relatively high incidence of arrhythmic 
storms (with clusters of VF episodes), the high 
inducibility rate of VF with programmed ven-
tricular stimulation and the excellent response 
to quinidine therapy, were  fi rst summarized in 
that review. 

 The mode of onset of spontaneous arrhyth-
mias in idiopathic VF, namely, the triggering of 
rapid polymorphic VT/VF by single ventricular 
extrasystoles with very short (R-on-T) coupling 
intervals, already evident from the initial reports, 
was described by Leenhardt and Coumel  [  4  ]  as 
“short-coupled variant of torsade de pointes” 
and was  fi nally described in detail by us in 1997 
 [  5  ] . Six years later, Haissaguerre demonstrated 
that the short-coupled extrasystoles triggering 
VF in this disease are very-early ectopic beats 
originating from Purkinje  fi bers  [  6  ] . 

 The differential diagnosis of idiopathic VF also 
evolved in recent years. When we wrote the  fi rst 
review on this topic in 1990  [  3  ] , the differential 
diagnosis included (in addition to subtle forms of 
organic heart disease) the following arrhythmia-
disorders: the long QT syndrome (described in 
1957)  [  7–  9  ]  the catecholamine sensitive polymor-
phic VT (CPVT) (described in 1995)  [  10  ] , and the 
syndrome of nocturnal sudden death of South 
East Asia (known since 1960)  [  11  ] . However, in 
1992, the Brugada brothers described patients 
with otherwise idiopathic VF who had a peculiar 
electrocardiogram showing right bundle branch 
block with persistent ST-segment elevation in the 
right precordial leads  [  12  ] . It soon became evi-
dent that >20 % of patients thought until then to 
have idiopathic VF had what we now call “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 Brugada syndrome 
in Asia  [  14  ] . Then, in the year 2000, the congenital 
short QT syndrome was described  [  15,   16  ] , and 
since such patients have inducible  [  16  ]  and spon-
taneous  [  17  ]  ventricular arrhythmias that are 
indistinguishable from those of idiopathic VF 
patients, we proposed in 2004 that idiopathic VF 
may very well be  a  “ short QT syndrome with not 
very short QT intervals ” (QTc intervals in the 
range of 340–360 ms)  [  18  ] . Finally, in 2008, 
Haissaguerre  [  19  ] , Nam  [  20  ]  and our group  [  21  ]  
show that the “early repolarization pattern” (the 
combination of J-waves and ST-segment eleva-
tion), long believed to represent a completely 
benign electrocardiographic pattern, is strongly 
associated with a history of idiopathic VF, further 
promoting the concept of “J-wave syndromes” 
 [  22  ] . The congenital short QT and early repolar-
ization syndromes are described in detail in 
Chaps.   27     and   30    .  

   Etiology 

 As often happens with diseases initially termed 
“idiopathic,” it is likely that “idiopathic VF” does 
not represent a single entity but rather repre-
sents different diseases with similar electrocar-
diographic characteristics, including different 
channelopathies. For example, some cases of 
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“idiopathic VF” may have in fact a congenital 
SQTS. Although the SQTS was originally de fi ned 
as an arrhythmic syndrome with baseline QTc 
<300 ms  [  15,   16,   23  ] , it is now clear that no single 
QTc value distinguishes all healthy individuals 
from all patients with SQTS  [  24  ] . In fact, carriers 
of SQTS mutations with QTc intervals as long as 
362 ms (that would be considered within the 
low-normal range)  [  24  ] , have been clearly 
described  [  25  ] . At the same time, we have shown 
that patients with idiopathic VF (particularly 
males) have shorter QT intervals than age-
matched controls (often in the 360–370 ms 
range) and others have shown that idiopathic 
VF patients have apparently normal heart rate 
at baseline but have insuf fi cient QT prolonga-
tion during slow heart rate  [  26,   27  ] , suggesting 
that idiopathic VF could represent a continuum 
 [  24  ] . Interestingly, in a very large kindred 
(involving three distinct families with an appar-
ent founder mutation) of idiopathic VF in the 
Netherlands, carriers of the risk-haplotype had 
electrocardiograms that were de fi ned as “strictly 
normal,” and the carriers had QT intervals that 
were not different from those of the non-carri-
ers  [  28  ] . Still, the mean QTc of the risk-haplo-
type carriers (395 ms) would fall shorter than 
the 10th percentile of the QTc of the healthy 
population  [  29  ] . Also, the presumed underlying 
genetic disorder (over-expression of DPP6) 
would be expected to increase transient outward 
(I 

TO
 ) current, shortening the action potential in 

some areas more than others, again pointing 
towards “the short QT hypothesis”. On the other 
hand, other cases of idiopathic VF appear to 
have marked J-waves rather than short QT inter-
vals  [  19,   21  ] . Experimental models  [  22  ]  and 
anecdotal reports of idiopathic VF patients with 
J-waves studied with novel non-invasive imag-
ing modalities  [  30  ]  suggest that steep repolar-
ization gradients – caused by shorter than 
normal action potentials in some ventricular 
areas, rather than in the whole ventricle – under-
lie many cases of idiopathic VF  [  31  ] . Interestingly, 
some studies of “early repolarization syndrome” 
also report that patients with idiopathic VF 
with J-waves also have  shorter QT intervals  than 
age- and gender-matched controls  [  19,   32  ] . On 
the other hand, the fact that only a minority 
of patients with idiopathic VF report a familial 

history of sudden death  [  3,   19,   33  ]  is a strong 
argument against the role of genetic channelo-
pathies in all cases. 

 Ventricular arrhythmias in idiopathic VF are 
invariably triggered by ventricular extrasysto-
les with very short coupling intervals  [  3–  5  ] , and 
Haissaguerre has elegantly shown that these 
short-coupled extrasystoles originate from 
Purkinje  fi bers  [  34,   35  ] . Purkinje- fi bers ectopic 
beats have also been linked to VF-initiation in 
patients with organic heart disease  [  36  ] , par-
ticularly during or shortly after myocardial 
infarction  [  37–  39  ] . One can propose the follow-
ing arrhythmic mechanisms could explain the 
very short-coupled extrasystoles that originate 
from Purkinje  fi bers and trigger idiopathic VF: 
(1) micro-reentry at the Purkinje-muscle junc-
tions  [  40  ] ; (2) late phase-3 early-depolarization 
induced trigger activity  [  41  ]  due to unprovoked 
calcium sparks in Purkinje  fi bers and (3) para-
systole originating from Purkinje  fi bers  [  42  ]  
fortuitously  fi ring on the T-wave of the normal 
beat. Regardless of the mechanism underlying 
the  fi ring of Purkinje extrasystoles, it is the 
short refractory period of the surrounding 
myocardium, either at the entire ventricular 
level in patients with SQTS, or at a regional level 
in patients with early-repolarization syndrome, 
that allows the closed-coupled extrasystoles to 
propagate and trigger VF.  

   Clinical Manifestations 

 Patients with idiopathic VF present with either 
syncope or cardiac arrest in early adulthood. 
The mean age at presentation in several series 
has been 35–45 years and the vast majority are 
older than 20 years and younger than 65 years 
old at the time of presentation  [  3,   19  ] . Two thirds 
of the patients are males  [  3,   19  ] . 

 The arrhythmias provoking syncope (Fig.  36.1 ) 
and those causing cardiac arrest are similar in 
terms of mode of onset, ventricular rate and poly-
morphic morphology. It is not clear why some 
events of polymorphic VT terminate spontane-
ously (causing syncope) while others deteriorate 
to  fi ne ventricular  fi brillation (causing cardiac 
arrest) (Fig.  36.1b, c ). However, the proportion 
of patients presenting with cardiac arrest 
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(as opposed to syncope) is much higher in idio-
pathic VF than in other channelopathies causing 
polymorphic ventricular arrhythmias like the 
long QT syndrome or CPVT  [  43  ] . In other words, 
arrhythmias in idiopathic VF occur rarely, but 
once they occur they are generally sustained and 
frequently fatal  [  28  ] . As a rule, syncope and car-
diac arrest in idiopathic VF are  not  related to 
effort or emotional stress  [  3,   19,   33  ] . Sleep-related 
arrhythmias, which are common in sodium chan-
nelopathies (Brugada syndrome and long QT 
syndrome of the LQT3 type), are rare in idio-
pathic VF  [  3,   19,   33  ] . Finally, about 25 % of patients 
with idiopathic VF present with arrhythmic 
storms, that is, with clusters of VF episodes recur-
ring within 24–48 h  [  3,   33,   44  ] . Some of these VF 
clusters have been triggered by fever  [  45  ] .   

   Electrocardiogram 

 The electrocardiogram (ECG) during sinus 
rhythm has been conventionally de fi ned as nor-
mal. It should be noted, however, that when the 

entity “idiopathic VF” was  fi rst de fi ned, the ECG 
was considered “normal” when pathologies 
known at the time were excluded  [  3  ] . Speci fi cally, 
the QT was considered normal because it was 
not prolonged  [  3  ] . However, as discussed above, 
a considerable proportion of patients with idio-
pathic VF have “relatively short” QT intervals at 
baseline  [  18  ] , QT intervals that appear normal 
but are shorter than those of comparable healthy 
controls  [  19,   32  ] , or QT intervals that are normal 
at baseline but fail to prolong adequately during 
braydcardia  [  26,   27  ] . The T-peak to T-end inter-
val (the interval from the summit to the end of 
the T wave), which is a marker of the dispersion 
of repolarization and arrhythmic risk in the 
long QT syndrome  [  46  ]  and Brugada syndrome 
 [  47  ] , is normal in idiopathic VF  [  18  ] . 

 The early repolarization pattern is also 
observed in idiopathic VF patients far more fre-
quently than among comparable healthy controls 
 [  19,   21,   48,   49  ]  and some use the term “early repo-
larization syndrome” to describe patients with 
otherwise idiopathic VF who have this ECG pat-
tern  [  19,   49  ] . In its most characteristic form, early 
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  FIGURE 36–1.    Typical    example of idiopathic VF. This 54 year old female 
was referred for neurological consultation because of “recurrent sei-
zures”. Her baseline electrocardiogram shows sinus rhythm with normal 
PR, QRS and QT intervals ( panel   a ). However there are several ventricu-
lar extrasystoles with varying coupling intervals, including short-cou-
pled extrasystoles falling on the peak of the preceding T wave (*). 
Because of the short-coupled extrasystoles the patient was admitted to 

the Cardiology Department (instead of the Neurology Department). 
Soon thereafter a self terminating episode of rapid polymorphic ven-
tricular tachycardia was recorded during one of her “seizures” ( panel   b ). 
Ventricular  fi brillation requiring de fi brillation was also recorded shortly 
thereafter ( panel   c ). The patient was diagnosed as “idiopathic ventricu-
lar  fi brillation” and has been free of ventricular arrhythmias during 
treatment with quinidine for more than 9 years       
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repolarization in idiopathic VF patients takes the 
form of a distinct J-wave followed by an horizon-
tal ST-segment  [  50  ] . Based on our case control 
series  [  21  ]  and using conditional-probability 
formulas  [  21  ]  we estimate that (1) the estimated 
odds for developing idiopathic VF for an indi-
vidual in the 35–45 years age-range are 3.4 in 
100,000; (2) the risk increases to 11 in 100,000 
once J-waves are found in the ECG and (3) the 
risk increases to 30 in 100,000 if the J-waves are 
followed by horizontal ST segment  [  50  ] . 

 Ventricular extrasystoles only rarely occur in 
patients with idiopathic VF, but when they do, 
they have varying coupling intervals with some 
extrasystoles closely coupled to the preceding 
complex (mean coupling interval = 302 ± 52 ms 
in our series  [  5  ] , 297 ± 41 ms in the series of 
Haissaguerre  [  35  ] , 300 ± 35 ms in the series of 
Champagne  [  51  ]  and  £ 340 ms in the series by 
Nam  [  49  ] ). Because of the short coupling inter-
val, the extrasystoles fall on the summit or the 
descending limb of the T wave (Figs.  36.1  

and  36.2 ). In our series  [  5  ] , all VF episodes started 
by ventricular extrasystoles falling within 40 ms 
(with the vast majority falling within 20 ms) of 
the peak of the T wave. There appears to be an 
inverse relationship between the coupling inter-
val of the extrasystoles and the risk for malig-
nant arrhythmias with longer bursts of 
polymorphic VT triggered by extrasystoles with 
shorter coupling intervals  [  35  ] . Nam reported 
that the arrhythmias in idiopathic VF with early 
repolarization are preceded by long-short cycles 
more often than VF in Brugada syndrome  [  49  ] . 
However, in our experience and that of others, 
arrhythmias in idiopathic VF are (as a rule)  not  
pause dependent  [  3,   19,   33,   44,   51  ] .  

   Morphology of Extrasystoles 

 In early reports showing the onset of idiopathic 
VF  [  3,   33,   52  ] , a similar ECG pattern of the  fi rst 
short-coupled ventricular extrasystole was 
observed, namely left bundle branch block 
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  FIGURE 36–2.    Typical mode of onset of idiopathic VF. Note the very 
short coupling interval of the extrasystoles initiating the polymorphic 
ventricular tachycardia. Also, note that despite the polymorphic mor-

phology of the arrhythmia, when more than one VT episode is recorded 
(like in the precordial leads), the  fi rst, second and third complexes of the 
tachycardias are remarkably similar       
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pattern and left axis (Fig.  36.2 ). However, later 
reports  [  34,   35  ] , showed that extrasystoles with 
other patterns do exist, suggesting various pos-
sible origin sites. Interestingly, when multiple 
episodes of polymorphic VT are recorded with 
12-lead recordings, the morphology of the initi-
ating beats of all these episodes is similar. This 
applies not only to the  fi rst complex, but to the 
second and third complexes of the polymorphic 
arrhythmias as well (Fig.  36.2 ). The last observa-
tion supports the notion that idiopathic VF has 
a focal origin (see below)  [  34,   35  ] .   

   Electrophysiologic Data 

 Patients with idiopathic VF have normal A-H 
and H-V intervals, and their ventricular refrac-
tory periods are within normal limits  [  2,   53  ] . 
This is in contrast to patients with Brugada syn-
drome, who often have prolonged H-V interval 
 [  12  ]  and patients with short QT syndrome, who 
have short refractory periods in the atrium and 
the ventricle  [  23,   54  ] . 

 The ventricular arrhythmias induced by pro-
grammed ventricular stimulation are invariably 
of polymorphic morphology, namely polymor-
phic VT or VF (Fig.  36.3 ). Induction of mono-
morphic VT excludes the diagnosis of idiopathic 
VF. This is at variance with patients with Brugada 
syndrome who also have primarily VF  [  55  ] , but 
rarely have monomorphic VT  [  56–  60  ] .  

 The inducibility rate is a function of the proto-
col used during programmed ventricular stimu-
lation. Many electrophysiologists are reluctant to 
shorten the coupling interval of the delivered 
ventricular extrastimuli beyond a “nominal” 
value of 200 ms. This is because the risk of “acci-
dentally” inducing VF in healthy individuals also 
increases as the coupling interval of the second 
and third extrastimuli are shortened below 
200 ms  [  61–  63  ] . Indeed, in small studies per-
formed 20 years ago, 9 % of healthy individuals 
–  without  documented or suspected spontane-
ous ventricular arrhythmias – had inducible VF 
when the coupling intervals were limited only by 
ventricular refractoriness  [  61–  63  ] . Moreover, an 
additional 40 % of the last group of healthy con-
trols had inducible non-sustained polymorphic 
VT and this lead to premature discontinuation of 

the pacing protocol  [  61–  63  ] . Therefore, one must 
recognize that  at least  9 % of healthy individuals 
will have inducible VF if aggressive protocols of 
extrastimulation (with double and triple extra-
stimulation with coupling intervals shorter than 
200 ms) are used  [  64  ] . On the other hand, in our 
experience, as many as  80  %  of patients with idio-
pathic VF  have inducible VF with aggressive pro-
tocols of extrastimulation consisting of double 
and triple ventricular extrastimulation at two 
right ventricular pacing sites and using repeti-
tion of extrastimulation at the shortest coupling 
interval that captures the ventricle  [  2,   52,   53  ] . 
This very high-inducibility rate suggests that the 
induction of VF, with aggressive protocols of 
extrastimulation, is a valid endpoint of pro-
grammed ventricular stimulation that then may 
be used for guiding antiarrhythmic therapy with 
quinidine in patients with idiopathic VF 
(Fig.  36.3 ) (see section “ Prognosis and Therapy 
of Idiopathic VF ”). 

 Recently, Haissaguerre et al. performed endo-
cardial recordings in patients with idiopathic 
VF at a time when they had frequent spontane-
ous ventricular extrasystoles and/or bursts of 
polymorphic VT  [  34,   35  ] . The investigators were 
able to locate the site of origin of these ventricu-
lar arrhythmias in 27 patients. Successful local-
ization of the site of origin of the ventricular 
arrhythmias was guided by recording of very 
early endocardial recordings and con fi rmed by 
abolition of ventricular arrhythmias following 
radiofrequency ablation of the  fi ring focus. 
Purkinje potentials were recorded at the site of 
origin of ventricular arrhythmias in 23 (85 %) 
out these 27 patients (in the left ventricular sep-
tum in ten patients, the anterior right ventricle 
in nine patients and in both locations in four). 
The Purkinje potentials preceded the local myo-
cardial activation by 11 ± 5 s during sinus 
rhythm and by 10 ± 150 ms during spontaneous 
ventricular ectopy  [  34,   35  ] . Based on these endo-
cardial recordings, it seems that the arrhyth-
mias in idiopathic VF have a focal origin and 
that the triggering focus is within the Purkinje 
 fi bers in the majority of patients. Of note, the 
 fi ring focus was not within the Purkinje net-
work in only four (15 %) patients and in all 
these patients the arrhythmias originated in the 
right ventricular out fl ow tract (RVOT). It is 
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possible that idiopathic VF originating from the 
RVOT and the “short-coupled variant of RVOT” 
described by our group  [  65  ] , and the “malignant 
idiopathic RVOT-VT” described by Noda  [  66  ]  
represent the same entity.  

   Diagnosis 

 Diagnosing idiopathic VF in a cardiac arrest 
survivor is straightforward when the onset of 
spontaneous polymorphic VT/VF is recorded 
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Baseline RVOT 600/240/190/220

RVOT 400/230/170/170

RVOT 400/280/260/250/250/250/250/250/250/250

I.V. Procainamide (BL 2.7 mg/l)

Quinidine sulfate 2,250 mg/day, BL 4.4 mg/l)
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  FIGURE 36–3.    Typical results of electrophysiologic study in idiopathic VF. 
 Panel   a : At the baseline study, VF is induced by triple ventricular extrastimu-
lation with short coupling intervals from the right ventricular out fl ow tract. 
Basic ventricular pacing at 100 beats/min (cycle length 600 ms) is followed 
by three extrastimuli 240, 190 and 220 ms apart and this initiates VF that 
required DC shock for termination.  Panel   b : After intravenous administra-
tion of 1,000 mg procainamide the protocol of extrastimulation is repeated 
and VF is induced again. Note that despite of therapeutic levels of procain-

amide the effective refractory period is suf fi ciently short to allow ventricular 
capture of the ventricle with short coupling intervals (230, 170 and 170 ms 
for the  fi rst, second and third extrastimuli, respectively).  Panel   c . After 
5 days of oral therapy with quinidine it is no longer possible to capture the 
ventricle with short coupling intervals. No ventricular arrhythmias could be 
induced despite a maximally aggressive protocol of extrastimulation, 
including nine extrastimuli. This cardiac arrest survivor has been free of 
arrhythmias for >5 years on quinidine therapy       
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(usually during an arrhythmic storm) and this 
shows initiation of polymorphic VT/VF by 
very short coupled ventricular extrasystoles 
(Figs.  36.1  and  36.2 )  [  3,   5  ] . This is because the 
only three other conditions that lead to such 
characteristic mode of VF initiation (myocar-
dial ischemia  [  67,   68  ] , Brugada syndrome  [  69  ]  
and short QT syndrome  [  117  ] ) can be identi fi ed 
with appropriate testing. 

 More often, however, patients are admitted 
after resuscitation from cardiac arrest and have 
documented ventricular  fi brillation, but record-
ings of the arrhythmia onset are not available. In 
such cases, the diagnosis of idiopathic VF is 
established by excluding all identi fi able causes 

and further supported by the inducibility of 
VF with programmed ventricular stimulation. 
A discussion of all potential causes of sudden 
death is beyond the scope of this chapter, but a 
practical approach is presented in Fig.  36.4 .  

 The diagnosis of idiopathic VF should be con-
sidered in patients presenting with syncope with-
out documented arrhythmias. Having said that, it 
must be emphasized that in the overwhelming 
majority of patients presenting with syncope in 
the absence of heart disease, a diagnosis of vas-
ovagal syncope (rather than arrhythmic syncope) 
will be evident already from the clinical history. 
Also, the vast majority of patients with syncope 
that does  not  appear to be of  vasovagal origin 

Cardiac arrest (VF).

Clinical history.
Familial history

Stress related arrhythmias favor
CAD, HCM, ARVD, LQTS, CPVT.

Sleep related arrhythmias favor
LQT3 or Brugada. 

ElectrocardiogramSpecific abnormalities suggest
CAD, HCM, DCM, MVP. 

Specific abnormalities suggest
LQRS, SQTS, Brugada. 

History of familial sudden death
favors LQTS, CPVT, SQTS, Brugada. 

Medications: Ikr blockers favor LQTS,
Na/Ca channel blockers favor Brugada 

Echocardiogram,
CT, MRI. 

Specific abnormalities suggest
CAD, HCM, DCM, ARVD, MVP. 

Exercise stress testSpecific abnormalities suggest
CAD, HCM, DCM, ARVD. 

Useful for inducing arrhythmias in
ARVD, CPVT. 

HolterAbnormal QT morphology at slow/fast
rates or after pauses  favor LQTS. 

Short-coupled (R-on-T) PVCs favor
IVF, Brugada, SQTS, M-RVOT-VT.

Signal averaged
ECG May be abnormal in CAD, HCM,

DCM,ARVD, Brugada.

Cardiac
catheterization 

Coronary angiography mandatory to
exclude CAD. Consider ergonovine. 

Consider right ventriculography and
biopsy for ARVD and myocarditis. 

Adenosine test

For WPW and LQTS

Epinephrine test

For LQT and CPVT

Ajmaline/flecainide test

For Brugada

Specific tests

Genetic testing

See text

EPSExclude malignant supraventricular or
monomorphic ventricular tachycardia. 

Negative in CPVT, LQTS. Inducible VF
in Idiopathic VF, Brugada and SQTS. 

Idiopathic VF

  FIGURE 36–4.    Proposed basic algorithm to diagnose idiopathic VF. 
Abbreviations in the algorithm are as follows:  CAD  coronary artery dis-
ease,  HCM  and  DCM  hypertrophic and dilated cardiomyopathy, respec-
tively,  ARVD  arrhythmogenic right ventricular dysplasia/
cardiomyopathy,  LQTS  long QT syndrome,  CPVT  catecholaminergic 
polymorphic ventricular tachycardia,  LQT3  long QT syndrome of LQT3 

genotype,  SQTS  short QT syndrome,  MVP  mitral valve prolapse,  CT  
computerized tomography,  MRI  magnetic resonance imaging, 
 M-RVOT-VT  malignant form of idiopathic ventricular tachycardia origi-
nating from the right ventricular out fl ow tract,  WPW  Wolff-Parkinson-
White syndrome       
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also have electrocardiographic or echocardio-
graphic abnormalities that will suggest an under-
lying diagnosis. Therefore, only very rarely one is 
confronted by a patient presenting with syncope 
in whom the history is suf fi ciently worrisome to 
suggest an arrhythmic origin, yet all non-invasive 
studies, including exercise  [  70–  72  ]  and standing 
tests  [  73  ]  to exclude exercise-induced arrhyth-
mias and long QT syndrome, as well as drug chal-
lenges to exclude Brugada syndrome  [  74,   75  ]  long 
QT syndrome  [  76,   77  ]  and Wolff Parkinson White 
 [  78  ] , are all negative. In such cases, electrophysi-
ologic evaluation can be performed to exclude 
intra-His block as the cause of syncope. However, 
recommending the performance of programmed 
ventricular stimulation to a patient with syncope 
who has no evidence of heart disease and no 
documented arrhythmias (particularly closed- 
coupled ventricular extrasystoles) is problematic. 
This is because, in the absence of organic heart 
disease, inducible ventricular arrhythmias (if 
any), are likely to be of polymorphic morphology. 
Understanding the signi fi cance of inducible VF 
in the absence of documented spontaneous 
arrhythmias is dif fi cult because such arrhyth-
mias may be induced in at least 9 % of healthy 
individuals  [  64  ] . Therefore, performance of pro-
grammed ventricular stimulation should only be 
performed when both physician and patient are 
prepared to accept the induction of VF as a “posi-
tive” response.  

   Differential Diagnosis 

   Subtle Forms of Organic Heart Disease 

 Excluding all forms of organic heart disease is 
essential before the diagnosis of idiopathic VF is 
considered. However, it should be noted that 
some forms of organic heart disease may cause 
malignant ventricular arrhythmias at a time 
when the anatomic abnormalities are minimal 
and dif fi cult to detect by imaging modalities. For 
example, patients with hypertrophic cardiomyo-
pathy due to Troponin-T mutations may be at 
risk for arrhythmic death at a time when left ven-
tricular hypertrophy is still mild  [  79,   80  ] . Similarly, 
right ventricular dysplasia is sometimes identi fi ed 

as the underlying cause of sudden death only 
during forensic examination and despite negative 
extensive diagnostic workup  [  81  ] . Of note, subtle 
anatomic abnormalities, like mitral valve pro-
lapse without hemodynamic signi fi cance, should 
not necessarily be accepted as the cause of car-
diac arrest. On the other hand, signs of severe left 
ventricular dysfunction after resuscitation should 
not necessarily be used to exclude the diagnosis 
of idiopathic VF because prolonged resuscitation 
may result in transient electrocardiographic and 
echocardiographic abnormalities that are indis-
tinguishable from those seen in patients with 
dilated cardiomyopathy  [  82,   83  ] . If such abnor-
malities resolve, the diagnosis of idiopathic VF 
should obviously be considered.  

   Wolff-Parkinson-White Syndrome 

 Patients with atrioventricular accessory path-
ways may have minimal or no ventricular preex-
citation (i.e., may have narrow QRS complexes) 
if they also have fast conduction along the AV 
node or if their accessory pathways is located 
on the left lateral wall (far away from the sinus 
node). Yet, these pathways may have short 
refractory periods. Such patients may develop 
atrial  fi brillation with rapid ventricular rates 
that may deteriorate to VF. If the preexcited 
atrial  fi brillation is not recorded and the patient 
is found in VF, the near-normal electrocardio-
gram during sinus rhythm may lead to a wrong 
diagnosis of “idiopathic VF” because all imag-
ing tests will be normal. The wrong diagnosis of 
idiopathic VF may gain further support from 
electrophysiologic studies if  atrial  stimulation 
is not performed prior to ventricular pacing 
because programmed ventricular stimulation is 
likely to induce VF in patients with WPW  [  84  ] . 
Therefore, excluding accessory pathways – 
either with adenosine injection as a bedside 
test or with atrial pacing during electrophysio-
logic studies – is a mandatory step in the 
work-up of VF survivors even when the electro-
cardiogram is judged to be “normal”. Of note, 
rare cases of cardiac arrest caused by very rapid 
supraventricular tachyarrhythmias in patients 
without Wolff-Parkinson-White have also been 
described  [  85  ] .  
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   Catecholamine Sensitive Polymorphic VT 

 Physicians may opt to skip performance of exer-
cise testing in cardiac arrest survivors reasoning 
that coronary angiography will eventually reveal 
any signi fi cant coronary lesion. We have encoun-
tered patients with CPVT who were erroneously 
diagnosed as “idiopathic VF” only because exer-
cise stress testing was not performed. Since all 
other tests, including electrophysiologic studies, 
are invariably normal in this disease, exercise 
stress test is a mandatory test in cardiac arrest 
survivors. Although the majority of patients 
with CPVT have a pathognomonic response to 
exercise (exercise-induced atrial  fi brillation fol-
lowed my multifocal ventricular extrasystoles, 
bidirectional VT and polymorphic VT), it was 
recently recognized that some patients with 
genetically proven CPVT have only single ven-
tricular extrasystoles that look like typical 
“benign right ventricular out fl ow tract (RVOT) 
extrasystoles” during maximal exercise  [  86,   87  ] . 
More recently, a family with CPVT in which 
affected individuals had negative exercise stress 
tests but were identi fi able by marked post-pause 
QT prolongation, was described  [  88  ] . Such 
patients could easily be misdiagnosed as “idio-
pathic VF.”  

   Long QT Syndrome (LQTS) 

 The QTc intervals of the healthy population, as 
well as the QTc of patients with LQTS have a 
normal distribution and there is considerable 
overlapping between the QTc of both popula-
tions. Importantly, 12 % of patients with genet-
ically proven LQTS have “normal” QT when the 
latter is de fi ned as QTc <440 ms  [  89  ] . Identifying 
patients with LQTS who have borderline QT is 
especially challenging in the LQT1 genotype 
because the T-wave morphology, which is fre-
quently abnormal in LQT2 and LQT3, is most 
often normal in LQT1. Fortunately, the epi-
nephrine challenge test is especially effective 
for unraveling abnormal QT responses in LQT1 
 [  76,   77  ] . We recently described that the sudden 
tachycardia induced by standing unmasks 
LQTS in borderline cases and use that as a bed-
side test  [  73  ] .  

   Short QT Syndrome (SQTS) 

 The newly described SQTS  [  15,   16,   23  ]  is caused 
by genetic mutations involving the same potas-
sium channels that cause the LQTS but with an 
opposite effect  [  90–  93  ] . In other words, in the 
SQTS there is excessive out fl ow of potassium 
currents, shortening the action potential dura-
tion and the effective ventricular refractory 
period. Distinguishing idiopathic VF from SQTS 
is not easy. Although the original cases of SQTS 
had extremely short QT intervals (QTc shorter 
than 300 ms  [  15,   16,   23  ]  more recently described 
cases of genetically proven SQTS have QTc inter-
vals of 360 ms  [  25  ] . Also, we recently showed 
that “relatively short” QT intervals (QTc <360 ms) 
are frequently observed in healthy males but are 
statistically more common in males with idio-
pathic VF  [  18  ] . Moreover, patients with idio-
pathic VF have normal QT intervals at normal 
heart rates, but their QT fails to lengthen as their 
heart rate slows down, leading to abnormally 
short QTc values during bradycardia  [  26,   27  ] . 
Finally, patients with SQTS and patients with 
idiopathic VF share the following clinically 
characteristics: (1) Both patient groups have 
similar spontaneous  [  5,   17  ]  and inducible  [  3,   23  ]  
ventricular arrhythmias; (2) both patient groups 
appear to respond especially well to quinidine 
therapy  [  33,   52,   54,   94,   95  ] ; (3) both patient 
groups are at risk for inappropriate ICD-shocks 
because of intracardiac T-wave oversensing 
 [  96,   97  ] . Patients with SQTS may be misdiag-
nosed as “idiopathic VF” if the QT interval is 
measured only during relatively rapid heart 
rates. This is because the main problem in the 
SQTS is failure of appropriate QT lengthening 
during bradycardia  [  23  ] .  

   Brugada Syndrome 

 We estimated that one out  fi ve patients origi-
nally diagnosed as “idiopathic VF” have in fact 
Brugada syndrome  [  13  ]  and very similar num-
bers were reported by others  [  98  ] . Moreover, if 
all patients with idiopathic VF undergo system-
atic testing with repeated electrocardiograms 
 [  99  ]  and Holter recordings  [  100  ]  with the right 
precordial electrodes placed at higher positions, 
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as well as pharmacological challenge tests using 
sodium-channel blockers, as many as 40 % with 
idiopathic VF could be diagnosed as Brugada 
syndrome  [  101  ] .  

   Short-Coupled Variant of Right Ventricular 
Out fl ow Tachycardia 

 The right ventricular out fl ow tract (RVOT) is 
the site of origin of the most common type of 
ventricular tachycardia (VT) occurring in 
patients  without  organic heart disease  [  33  ] . This 
RVOT-VT has a distinctive morphology (QRS 
complexes with left bundle branch block pat-
tern and tall R waves in the inferior leads) and, 
in general, does not lead to hemodynamic dec-
ompensation. Therefore, RVOT-VT is consid-
ered a benign arrhythmia  [  33  ] . However, our 
group  [  65  ]  and the group of Noda and Shimizu 
 [  66  ]  recently described patients with otherwise 
typical “benign RVOT ectopy” who went on to 
develop spontaneous VF or polymorphic VT. It 
is not clear if patients with idiopathic VF and 
patients with this newly described form of 
“polymorphic VT from the RVOT” represent 
different aspects of one disease or two distinct 
disorders  [  102  ] . However, several characteristics 
differ among both groups: (1) otherwise typical 
 monomorphic  RVOT-VT is  also  seen in patients 
with malignant polymorphic RVOT-VT  [  65,   66  ]  
but is never seen in idiopathic VF. (2) Only 5 % 
of patients with “malignant polymorphic VT” 
have inducible VF  [  65,   66  ]  by programmed ven-
tricular stimulation, whereas the majority of 
patients with idiopathic VF have inducible VF 
 [  33,   52  ] . (3) the coupling interval of the ventric-
ular extrasystoles initiating the malignant ven-
tricular arrhythmias is invariably very short in 
idiopathic VF  [  3,   5  ]  but is longer, varying from 
“relatively short”  [  65  ]  to “normal,”  [  66  ]  in the 
“polymorphic RVOT-VT”  [  103  ] . The last obser-
vation is consistent with the results of intracar-
diac mapping performed by Haissaguerre  [  35  ] : 
In that series, idiopathic VF originated from 
Purkinje  fi bers in 86 % of the patients and from 
the RVOT in the remaining 14 %. Again, the cou-
pling interval of the extrasystoles initiating VF 
was  longer  for arrhythmias originating in the 

RVOT than for arrhythmias triggered by 
Purkinje  fi bers (355 ± 30 ms vs. 280 ± 26 ms, 
p < 0.01)  [  35  ] .   

   Prognosis and Therapy of Idiopathic VF 

 The rate of recurrence of malignant ventricular 
arrhythmias in idiopathic VF, in the absence of 
therapy, is unacceptably high. At a mean fol-
low-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)  [  104  ] . In a recent series of patients 
with “truly idiopathic VF” (that is, excluding not 
only those with Brugada-type electrocardio-
gram at baseline but also those who developed 
ST-segment elevation when challenged with 
sodium channel blockers), the risk for recurrent 
VF was 39 % at 3.4 ± 2.3 years  [  51  ] . Therefore, 
once a diagnosis of idiopathic VF is made, some 
form of therapy is mandatory. Therapy may 
include ICD implantation, drug therapy with 
quinidine, radiofrequency ablation of the trig-
gering focus or combinations of the above. 

   Drug Therapy with Quinidine 

 The very  fi rst patients with idiopathic VF 
described in the literature, back in 1929  [  1  ]  and 
1949  [  105  ] , were treated with quinidine after 
multiple episodes of spontaneous polymorphic 
VT and VF were clearly documented. Both 
patients had an excellent response  [  1,   105  ] . In 
fact, a second publication reporting the long 
term follow-up of the patient initially reported 
in 1949, established that this patient eventually 
died of cancer at old age, without ever experi-
encing arrhythmia recurrence while on quini-
dine therapy for 40 years  [  106  ] . In 1987, 
Belhassen pioneered the therapy of idiopathic 
VF with EPS-guided quinidine after observing 
that VF is 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  [  52  ] , has completed >25 unevent-
ful years of electrophysiologic-guided therapy 



640 S. Viskin et al.

with amiodarone and quinidine after experienc-
ing arrhythmic storms of VF in the absence of 
therapy and recurrent arrhythmic syncope on 
amiodarone alone  [  94  ] . 

 In 1990, when we  fi rst reviewed the topic of 
idiopathic VF  [  3  ] , we found that the recurrence 
rate of cardiac arrest was high during therapy 
with other antiarrhythmic drugs (including ami-
odarone, beta-blockers or verapamil)  [  3  ] . The 
high-rate of arrhythmia recurrence with vera-
pamil is worth noting because that drug was 
empirically proposed by Leenhardt and Coumel 
to treat the “short-coupled variant of torsade de 
pointes”  [  4  ] , an entity that probably represents 
idiopathic VF. In contrast, we found that the 
recurrence rate with quinidine was nil  [  3  ] . By the 
time the ICD became commercially available,  we 
continued to recommend quinidine as the sole 
therapy for appropriately selected patients with 
idiopathic VF ,  including patients resuscitated 
from spontaneous cardiac arrest   [  107  ] . Our crite-
ria for quinidine therapy in VF survivors includes 
 all the following : (1) diagnosis of idiopathic VF 
with or without Brugada syndrome; (2) induc-
ible VF in the absence of drugs with programmed 
ventricular stimulation (Fig.  36.3 ); (3) no-induc-
ible arrhythmias during oral quinidine therapy 
despite a very aggressive protocol of ventricular 
stimulation (Fig.  36.3 )  [  2,   108,   109  ]  (4) informed 
consent by a patient who is well informed of the 
risk and bene fi ts of ICD and quinidine therapy 

for this disease  [  107  ] ; (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). 
Our results using such approach were published 
in 1999  [  53  ] . These results are shown in Fig.  36.5  
and may be summarized as follows: Of 34 patients 
with idiopathic VF (all after resuscitation from 
cardiac arrest), 26 (80 %) had inducible VF at 
baseline electrophysiologic study and all but one 
of them were rendered non-inducible with quini-
dine. Side effects from quinidine led to discon-
tinuation of quinidine therapy in 14 % of our 
patients. Nevertheless, 23 patients (2 out of 3 
patients from the original cohort of cardiac 
arrest survivors) remained on quinidine therapy 
(without ICD back-up) and all are alive and com-
pletely free of arrhythmic symptoms that now 
exceeds 10 years. The long-term effectiveness of 
quinidine for preventing VF induction has been 
con fi rmed  [  110  ] . Relatively early in our experi-
ence, three patients who had negative electro-
physiologic studies in the absence of drugs 
received empiric quinidine. All these patients 
died 4–8 years after the original VF episode. 
These 3 patients discontinued follow-up long 
before they died. Therefore, we do not know if 
the fatalities were due to poor compliance or due 
to drug failure and weather such failure was 
related to the fact that quinidine therapy for 
these particular patients was empiric and not 

Resuscitation from cardiac arrest. Idiopathic VF = 34 

Inducible VF = 27 (80 %) Not inducible
7 (20 %) 

No longer inducible = 26 (96 %) EPS+
1 (4 %) 

Long-term quinidine = 23 (86 %) No QND
3 (14 %)

Alive on quinidine = 23 (100 %)
Follow-up: 9.1 + 5.6 years 

EPS on Quinidine

Quinidine therapy

Baseline EPS

Long-term therapy

Empiric
QND = 3 

Death
( 3 ) 

ICD = 8 

Alive with
ICD = 8 

  FIGURE 36–5.    Our experience with 
quinidine therapy as published in 
1999  [  53  ] .  VF  ventricular  fi brillation, 
 EPS  electrophysiologic study with 
programmed ventricular stimula-
tion  EPS+  positive electrophysio-
logic study, i.e., inducible VF with 
programmed ventricular stimula-
tion,  QND  quinidine,  ICD  implant-
able cardioverter de fi brillator       
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guided by electrophysiologic studies (since these 
3 patients were non-inducible at baseline). 
Nevertheless, we no longer recommend empiric 
use of quinidine for non-inducible patients after 
spontaneous cardiac arrest, a subgroup of 
patients for whom ICD implantation is manda-
tory. However, we have successfully used quini-
dine to control arrhythmic storms of ventricular 
 fi brillations in patients who originally received 
an ICD either because of non-inducibility in the 
baseline EPS or because of (the extremely rare) 
persistence of inducibility while on quinidine 
therapy. The excellent response of VF storms in 
idiopathic VF with Brugada syndrome has also 
been repeatedly reported  [  60,   111–  113  ] . Of note, 
the fatalities that occurred 4–8 years after the 
 fi rst VF event clearly demonstrate that patients 
with idiopathic VF remain at risk for fatal 
arrhythmia-recurrence even after long asymp-
tomatic periods. Thus, long asymptomatic peri-
ods after the  fi rst VF episode should not be 
interpreted as resolution of an unidenti fi ed 
“myocarditis” and cannot be taken as a “good 
prognostic sign.”   

   Radiofrequency Ablation 

 Catheter-based radiofrequency ablation of the 
triggering focus is now an accepted mode of 
therapy for  atrial   fi brillation. Haissaguerre 
 [  35,   44  ]  and others  [  66,   114,   115  ]  have used the 
same concept to treat idiopathic VF. This form 
of therapy has been used primarily to treat 
patients with implanted ICDs who are receiving 
multiple ICD shocks because of arrhythmic 
storms. The  fi rst successful ablation was reported 
by Aizawa in 1992  [  114  ]  whereas relatively large 
series have been reported by Haissaguerre  [  35  ]  
and by Noda and Shimizu  [  66  ] . The series of 
Haissaguerre  [  35  ]  and Noda  [  66  ]  differ in the 
site of origin of the targeted arrhythmias: Noda 
targeted polymorphic VT originating from the 
right ventricular out fl ow tract  [  66  ] . In contrast, 
85 % of the polymorphic ventricular arrhyth-
mias ablated by Haissaguerre were mapped to 
the Purkinje system in the right or left ventricle 
while the site of origin of the VF was in the right 
ventricular out fl ow tract in only 4 (15 %) patients 
 [  35  ] . An acute successful abolition was achieved 
in all cases while 24 patients (89 %) had no 

recurrence of VF without drug during follow-
up. However, the risk for recurrent spontaneous 
VF during long-term follow-up was 18 %  [  116  ] , 
demonstrating that radiofrequency ablation 
should not be seen as “curative” or as an alterna-
tive to ICD implantation.  

   ICD Implantation 

 No doubt that ICD offers the most effective 
therapy for preventing arrhythmic death in 
idiopathic VF. Indeed, ICD implantation is con-
sidered “the only” effective therapy for idio-
pathic VF by most authors. However, when 
comparing ICD implantation to quinidine ther-
apy for idiopathic VF, one should also take into 
consideration the potential adverse events of all 
these interventions. 

 In AVID, a large multicenter study of ICD 
implantation for malignant ventricular arrhyth-
mias in patients with organic heart disease  [  117  ] , 
the risk of adverse events, serious enough to war-
rant re-intervention, was 12 %  [  118  ] . Since only 
experienced electrophysiologists from presti-
gious centers participated in AVID, this 12 % 
complication rate is likely to be a moderate esti-
mate. Moreover, the rate of complications from 
ICD implantation in idiopathic VF could likely be 
higher than the 12 % reported in AVID. This is 
because patients in AVID were relatively old 
(mean age 65 ± 11 years)  [  117  ]  and had a 3-year 
mortality rate of 25 % despite the ICD related to 
their underlying organic heart disease  [  117  ] . In 
contrast, patients with idiopathic VF are 
signi fi cantly younger and have an extremely low 
risk for non-arrhythmic cardiac death. The 28 % 
risk of long-term complications after ICD implan-
tation for Brugada syndrome  [  119  ]  is more repre-
sentative of the risk for idiopathic VF patients.       
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