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KEY POINTS

� Idiopathic ventricular fibrillation (IVF) is defined as unexplained sudden cardiac death due to ven-
tricular fibrillation (VF) without any identifiable structural or electrical cause after extensive investi-
gations (no phenotype).

� Recent data show that the use of high-density electrophysiologic mappingmay ultimately offer sub-
clinical diagnoses of cardiac disease in about 90% of individuals with IVF. Two major conditions
underlie the occurrence of VF: the presence of either depolarization abnormalities due to micro-
structural myocardial alteration or Purkinje abnormalities manifesting as triggering ectopy or reentry
in the peripheral network.

� J-wave syndromes are defined as a distinct electrocardiographic phenotype (slurring/notch)
affecting the junction between the QRS complex and the ST segment in inferolateral leads. Recent
data provide evidence for heterogeneous substrates, related to either delayed depolarization due to
microstructural alterations or early repolarization abnormalities.

� IVF and J-wave syndromes are the result of a wide spectrum of pathophysiologic processes. The
individual phenotypic characterization is essential given its implications in therapy, genetic testing,
and risk stratification.
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Sudden cardiac death (SCD) remains a major
health problem in all continents. Estimates vary
around 350,000 victims per year in the United
States or in Europe and are even higher in South-
east Asia. Coronary artery disease and cardiomy-
opathies are the main causes in older persons.1–4

However, in victims younger than 35 years, a
common finding is the absence of structural heart
disease (SHD) at autopsy, reported in 29% to
40% of cases particularly in young men.5–9 In
the patients surviving after resuscitation maneu-
vers, ventricular fibrillation (VF) is consistently
the lethal heart rhythm identified at the time of
event.10,11 Over the last 20 years considerable ef-
forts have been devoted to the search for discrete
electrocardiographic or imaging signs and ge-
netic markers in survivors.1,4,12 Despite this prog-
ress, unexplained SCD remains frequent in young
adults.
The authors report here novel insights based on

recent mapping data on 2 subsets: idiopathic VF
defined as an idiopathic ventricular fibrillation
(IVF) with no apparent structural or electrical heart
disease after extensive investigations (eg, no
phenotype) and J-wave syndromes defined as an
electrocardiographic phenotype affecting the
junction (J-wave) between the QRS complex and
the ST segment in inferolateral leads.

IDIOPATHIC VENTRICULAR FIBRILLATION

SCD is commonly defined as death from an unex-
pected circulatory arrest, occurring within an hour
of the onset of symptoms. Unexplained SCD is
defined as no apparent structural or electrical
heart disease after extensive investigations.
When VF has been documented by electrocardi-
ography during resuscitation maneuvers, unex-
plained SCD is termed as IVF.5,13,14

Criteria Defining Idiopathic Ventricular
Fibrillation

Based on published guidelines, patients classified
as having IVF have no clinical evidence for drug
abuse/intoxication or electrolyte abnormality at
the time of initial presentation, no identifiable
SHD demonstrated by normal echocardiographic
and delayed gadolinium-enhanced MRI, no
detectable coronary artery disease on coronary
angiography or exercise testing, and no known
repolarization abnormalities associated with long
or short QT interval or J-wave syndromes.4,5,13

Pharmacologic testing with infusion of a sodium-
channel blocker (ajmaline, flecainide, or procaina-
mide) is performed to exclude Brugada syndrome.
Catecholamine infusion (isoprenaline and adrena-
line) is performed to exclude catecholaminergic
polymorphic ventricular tachycardia or arrhythmo-
genic right ventricular cardiomyopathy and to
confirm the absence of long QT syndrome.
Box 1 shows the flow diagram of diagnostic tests
performed in patients referred for SCD.
According to the guidelines, genetic testing is

recommended “for genetic arrhythmia syndromes
in young patients (<40 years of age) with IVF.” The
yield of genetic testing is higher if a family history
of SCD at a young age is present.2,4 Familial
screening is recommended in first-degree rela-
tives and should include resting electrocardiogram
(ECG), exercise testing, and echocardiography. In
selected cases, Holter and signal-averaged ECGs,
MRI, and pharmacologic testing may be
performed.
International protocols using whole exome

sequencing are currently performed for improving
the diagnosis yield of inherited disorders.
The absence of clinical phenotype defining a

VF as idiopathic obviously depends on the reso-
lution of investigations performed in each pa-
tient. The same reasoning also applies to the
autopsy’s results concluding for the absence of
SHD. The authors have previously reported the
ability of noninvasive mapping to identify the
location of drivers (focal or reentrant) respon-
sible for VF in man.9,15 This information has
allowed to subsequently investigate the driver
areas using high-density electrogram mapping
and demonstrate the presence of microstruc-
tural cardiomyopathic alterations, which are a
substrate of VF reentries.
The other chapters in this issue will emphasize

the role of these microstructural myocardial alter-
ations and that of Purkinje tissue in the pathophys-
iology of human IVF.

Pathology of the Purkinje System in Idiopathic
Ventricular Fibrillation

The specialized Purkinje system constitutes a tiny
part (about 2%) of the myocardial mass, but its
pathologic role in arrhythmogenesis is dispropor-
tionally high and pleomorphic.16,17 Purkinje pathol-
ogy in IVF can manifest either as triggering
ectopies or as arrhythmia maintenance via its
complex network.

Purkinje cells triggering idiopathic ventricular
fibrillation
When they can be identified in IVF (eg, in patients
with frequent VF initiations), the great majority
(85%) of triggering ectopy originates from the Pur-
kinje system or muscular structures associated
with the Purkinje system, such as the moderator
band and the papillary muscles. VF is usually trig-
gered by short-coupled premature ventricular



Box 1
Diagnostic tests performed in patients with
sudden cardiac death

Structural imaging

Including MRI (before ICD)

Electrocardiographic monitoring

Careful 12-lead documentation of ectopy
morphologies and couplings

Repolarization during cycle length variations
and dynamic maneuvers

Signal-averaged ECG

Stress test and pharmacologic tests

Na 1 blocker—adrenaline, isoprenaline

Electrophysiologic studies

High-density endoepicardial mapping

Programmed stimulation

EP-guided biopsy (optional)

Genetic testing

Abbreviations: ECG, electrocardiogram; EP, electro-
physiology; ICD, implantable cardioverter defibril-
lator; SCD, sudden cardiac death.
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complexes (PVCs) but the authors have observed
some patients with IVF in whom all documented
Purkinje PVCs had long-coupling intervals greater
than 360 ms (Fig. 1). The right ventricular outflow
tract and less frequently the left ventricular outflow
tract, or other myocardial locations are seen in
15% of cases, in the authors’ current experience
of 78 patients. The origin of ectopic trigger can
be demonstrated by mapping the earliest origin
(see Fig. 1) or by pace mapping if ectopies are
rare. Many reports of successful ablation of trig-
gering PVCs have been published, however,
most of the time including only one or few cases.16

In the cases where runs of polymorphic PVCs have
been reported, not only the initial one but also sub-
sequent beats can be associated with Purkinje ac-
tivity, suggesting repetitive reentry or triggered
activity (see Fig. 1). This suggests that in addition
to Purkinje firing, there is a potential to sustain
activity within the Purkinje network, explaining
the observations of successful outcome after abla-
tion despite the persistence of isolated short-
coupled ectopy.

The ectopy morphology is essential to docu-
ment on the 12-lead ECG as it guides mapping
techniques by allowing focus on the area of inter-
est. When originating from the left Purkinje fibers,
the PVCs are narrow (<120 ms) with a right-
bundle-branch block morphology. They demon-
strate right or left axis deviation when originating
from the anterior or the posterior Purkinje fibers,
respectively. Morphology changes are frequently
observed in the left Purkinje PVCs, indicating
different exit sites or origins and thus a need for
larger ablation. When originating from the right
Purkinje arborization, the PVCs have a left-
bundle-branch block morphology and left axis.16

They display a rapid initial deflection but have a
wider QRS duration than left Purkinje PVCs, as
the right Purkinje has a more limited spatial arbor-
ization. More discrete PVC morphology changes
are observed, as compared with left Purkinje
PVC.

In sinus rhythm, distal Purkinje potentials pre-
cede the QRS complex by less than or equal to
15 ms. Longer intervals indicate a fascicular
origin (with the risk of creating significant QRS
changes if targeted for ablation). Special care
should be taken during catheter manipulation to
avoid inadvertent bumping of the right bundle,
which will conceal Purkinje potentials within the
local electrograms, the left-bundle-branch being
much less vulnerable. When they are rare, PVCs
can be inducible by creating postpacing (atrial
or ventricular) pauses and/or drug infusion such
as isoproterenol (1–2 mcg/kg/min) or class I
drugs.

Repetitive reentry in the Purkinje network
Reentry in the proximal Purkinje system has been
described in the form of monomorphic ventricular
tachycardia, either as bundle branch reentry or as
left fascicular reentry. Polymorphic ventricular
tachycardia has also been reported, with all
QRS complexes being associated with Purkinje
activity (see Fig. 1). The authors have observed
5 patients, survivors of IVF, who had neither
short-coupling Purkinje ectopy nor microstruc-
tural myocardial alteration. A distinct electrophys-
iologic response was however observed during
programmed stimulation at the distal left fascic-
ular system.

No VF or repetitive activity was induced by stim-
ulation from the right ventricle (in 4 of 5 patients),
while pacing (S2-S3 extrastimuli) from the left pos-
terior fascicle, and could consistently induce
repetitive polymorphic ventricular tachycardia
within the distal Purkinje system. The polymorphic
QRS complexes were associated with distal Pur-
kinje potentials on a beat-to-beat basis, whereas
the proximal Purkinje fascicle and bundle branch
potentials were slower or absent (excluding a
bundle branch reentry). The variations in ventricu-
lar cycles were preceded by a similar change in
Purkinje cycles; and arrhythmia termination was



Fig. 1. Different patterns of Purkinje activity in 4 patients with IVF. (A) Typical short-coupled ectopy (asterisk)
initiating VF. Multielectrode mapping with a multispline catheter (center) allows to record the earliest activity
preceding ectopic beat in the distal left posterior fascicle (right). (B) Purkinje ectopy with long-coupling intervals
(370 and 440 ms) in 2 patients with IVF. (C) Spontaneous polymorphic ventricular tachycardia associated with 1-
to- 1 distal Purkinje activity. Note the varying Purkinje activation sequence between the distal and proximal
bipoles that suggest changes in activation pathway. LV, left ventricle.
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preceded by the disappearance of Purkinje activity
(Fig. 2). Two of these cases have been published
recently.18

These observations suggest that pacing
performed near the distal left posterior Purkinje
captures and invades retrogradely the Purkinje
network. Although triggered activity cannot be
ruled out, the repetitive responses are likely re-
entries induced in peripheral Purkinje system,
with a gradual shift in trajectory and ventricular
exit as demonstrated by computer modeling
studies. These responses have been considered
as clinically abnormal by the authors, as they are
uncommon in their experience and have not
been reported in the unique study evaluating
left ventricular pacing in control patients.18

Further investigations are needed to confirm
their pathologic significance and whether this
electrophysiologic protocol may offer methods
to reveal Purkinje abnormalities that can underlie
VF susceptibility.
MICROSTRUCTURAL MYOCARDIAL
SUBSTRATE IN IDIOPATHIC VENTRICULAR
FIBRILLATION

In high-resolution experimental setups, VF requires
the continuous formation of reentry for its mainte-
nance,ofwhichacriticaldeterminant is thepresence
of normal (fiber arrangement) or abnormal (fibrosis)
structural heterogeneities. In cardiomyopathic post-
transplant human hearts, reentry has been shown to
self-perpetuate formanycycles, as it cananchor to a
myocardial scar.10,19 The authors have used multi-
electrode body surface recordings (ECGi) in clinics
to identify the reentries during ongoing VF. Because
patients with IVF are free of SHD, VF reentries were
expected to be distributed homogeneously across
both ventricles. However, a clustering of reentries
wasobserved,andmappingof these regions insinus
rhythm revealed, in someof them, abnormal electro-
gram characteristics, indicating the presence of
“microstructural” cardiomyopathic alteration.



Fig. 2. Inducible repetitive activity in
distal Purkinje. Recordings are per-
formed along a decapolar catheter on
the distal left posterior fascicle in sinus
rhythm (A) and during programmed
stimulation (B,C). Fig. 2B shows double
extrastimulation (230–230ms), produc-
ing splitting of Purkinje (asterisks) ac-
tivity (98 ms) followed by a third
Purkinje activity 124 ms later: note the
different involvement of parts of pe-
ripheral Purkinje system (LV7-8 vs LV
5-6). Fig.2Cshowsdoubleextrastimula-
tionproducingapolymorphicventricu-
lar tachycardia in which each
ventricular beat preceded by Purkinje
activity, with varying sequence be-
tween recording bipoles. Arrhythmia
termination is preceded by the disap-
pearance of Purkinje activity. Repeti-
tive Purkinje reentry was consistently
reproducible and was the only electro-
physiologic abnormality observed in
this youngwomansurvivinganepisode
of IVF. VT, ventricular tachycardia.
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Invasive Electrogram Mapping in Sinus
Rhythm

High-density recordings of endocardial and
epicardial electrograms were performed using
multispline catheter (Lasso or PentaRay catheter
with 2 mm interelectrode distances) in the
epicardium and PentaRay or decapolar catheters
in the right and left endocardium. A transseptal
or retroaortic approach was performed to access
the endocardial left ventricle and a subxyphos-
ternal approach to access into the pericardial
space. The objective was to analyze electro-
grams present at the main driver areas (with
the maximal number of rotations) compared
with nondriver regions. Electroanatomical map-
ping was performed using magnetic geolocaliza-
tion (CARTO system, Biosense Webster, CA); in
a prior study, the authors mapped a mean of
590 � 403 (endocardial right ventricle),
547 � 292 (endocardial left ventricle), and
2081 � 1278 (epicardium) sites per patient. Elec-
trogram criteria were identical to those defining
fibrotic and cardiomyopathic tissue during map-
ping of ischemic or dilated cardiomyopathies.
Areas of low-amplitude electrograms were delin-
eated in bipolar (less than 1 mV) and unipolar
modes (less than 8.3 and 5.5 mV in left and
right ventricles respectively) on 3-dimensional
ventricular reconstruction (CARTO system, Bio-
senseWebster,CA). Because low-amplitude
electrograms can be due to normal fat tissue
on the epicardium, epicardial electrograms
were only considered abnormal if they harbored
fragmented signals with a duration superior to
70 ms with more than 3 components or split/
late potentials.20–22 Greater mapping density
was acquired in cases of abnormality to delin-
eate the abnormal surface area.

Results

In the authors’ current experience, myocardial
areas manifesting low-amplitude and prolonged
fractionated signals were found in 32 of 48
(67%) patients. The abnormal tissue was clus-
tered in 1 or 2 areas, whereas 4 patients had scat-
tered abnormal areas. In a previous study the
abnormal surface area covered a mean of
13�5 cm2, ranging from 6 to 22, representing
3.9 � 1.7% of the total ventricular surface. This
finding is in keeping with prior experimental
studies, which showed that even small ventricular
lesions in the range of 4 cm2 are sufficient to pro-
mote VF.23,24

The right ventricle was the structure preferen-
tially harboring the abnormal area, whereas
the left ventricle or the septum was less
frequently affected (Fig. 3). The comparison of
endocardial and epicardial recordings at the
same location showed that the abnormal signals
were recorded in one side, mostly epicardial,
indicating that the pathology involved a part of
the ventricular wall rather than being transmural.



Fig. 3. Spatial location of abnormal electrogram areas in 3 patients with IVF. Two patients had spontaneous (A) or
induced (B) sustained VF, with VF drivers mapped using body surface mapping. The trajectories of unstable and
stable reentries are shown by the blue curves and red areas, respectively in 3 views, whereby the anterior view
shows the right ventricle and the left anterior oblique view shows the left ventricle. The abnormal signals re-
corded in sinus rhythm during epicardial mapping are present within the white dotted contours, which collo-
cated with a dominant area of VF reentries, in the epicardial right (B) or left (C) ventricle. All other ventricular
regions show narrow signals indicating healthy underlying tissue. Case C had no VF inducible by electrical stim-
ulation. An area of prolonged and late electrograms was detected in the epicardial inferior right ventricle. AP,
anteroposterior; LAD, left anterior descending; LAO, left anterior oblique; RV, right ventricle.
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This aspect may explain why the abnormalities
were unperceived by MRI. The reexamination of
imaging data or retesting with ajmaline failed
to identify structural abnormality or Brugada
syndrome.
Among all abnormal areas, 86% colocalized

within or at the border of a main driver region
(see Fig. 3). This finding indicates that the mecha-
nism of VF is linked to microstructural alterations
acting as a substrate maintaining reentry, in the
same way as overt structural heterogeneities
maintain VF in SHDs.
SPECTRUM OF IDIOPATHIC VENTRICULAR
FIBRILLATION SUBSTRATES

The phenotypic screening performed in 48
consecutive patients referred for IVF concluded
that 11 patients (23%) presented a Purkinje ab-
normality without microstructural myocardial ab-
normality, 32 patients (67%) presented
microstructural myocardial abnormalities, and 5
of them also having Purkinje triggers. Five pa-
tients had no apparent Purkinje or microstruc-
tural abnormality. Therefore, only 10% of IVF
remained unexplained after comprehensive
investigations. Unexplained SCD may result
from an external ephemeris factor (as fever,
vagal burst, hypokalemia, etc) necessary to
reach a critical arrhythmogenic threshold and
concealed causes such as long QT syndromes,
Purkinje or microstructural abnormality etc.,
which may become detectable during follow-up
or by genetic testing using genome wide
sequencing (see Box 1).
The differentiation of IVF depending on Purkinje

or myocardial dominant substrates has implica-
tions in terms of pathogenesis, diagnostic, ge-
netics, and therapy. It is likely that both common
and distinct diseases are involved in these
different substrates and that a spectrum of
different diseases such as genetic, inflammatory,
or acquired cardiomyopathies can affect them. Im-
provements in imaging or electrophysiologic
methods may be implemented in the future to
identify the myocardial arrhythmogenic substrate
before the occurrence of SCD. In terms of genetic
predisposition, mutations in genes coding for spe-
cific Purkinje proteins versus genes coding for
structural myocardial proteins may be differenti-
ated as well as the interpretation of gene variants
within the GWAS database, depending on the
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individual phenotype. Finally, in addition to Pur-
kinje trigger ablation, the capability to identify
localized structural alterations allows substrate
ablation targeting the fragmented electrograms,
such as in Brugada syndrome or SHDs.

Inferolateral J-Wave Syndromes

Early repolarization indicates a distinct electrocar-
diographic phenotype affecting the junction
(J-wave) between the QRS complex and the ST
segment in inferolateral leads. It was initially
described as a benign ECG finding or in associa-
tion with hypothermia.24 Subsequently, many con-
ditions producing this phenotype have been
described such as hypercalcemia, acute ischemia,
brain injury, and others.25 The link with an
increased risk of arrhythmic death was demon-
strated in sporadic cases and in case-control
studies of unexplained SCD then finally in associ-
ation with various types of SHD.26–32 The later sec-
tion reviews most recent mapping data in humans,
which provide evidence for heterogeneity of
substrates, which underlie inferolateral J-wave
syndromes. For a comprehensive review of risk
stratification and clinical management of J-wave
syndromes the readers are guided to other
articles.33–35

Diagnosis of early repolarization and
inferolateral J-wave syndromes
Expert consensus recommendations33 defined
the syndrome (the term indicating symptomatic
patients) as follows: (1) the presence of J-point
elevation greater than or equal to 1 mm in greater
than or equal to 2 contiguous inferior and/or
lateral leads of a standard 12-lead ECG in a pa-
tient resuscitated from otherwise unexplained
VF; (2) an SCD victim with a negative autopsy
and medical chart review with a previous ECG
demonstrating J-point elevation greater than or
equal to 1 mm in greater than or equal to 2 contig-
uous inferior and/or lateral leads of a standard 12-
lead ECG. The ECG pattern (asymptomatic sub-
jects) is defined by a distinct J-wave or J-point
elevation greater than or equal to 1 mm that is a
notch or a slur, with or without ST-segment
elevation.

This definition may be sometimes ambiguous
owing to the small amplitude and spontaneous
changes of the J-wave. Strong inspiration or Val-
salva maneuvers can amplify J-wave possibly by
changing the heart shape and position relative
to the chest. The dynamic changes in J-waves
during cycle-length prolongation, either un-
changed pattern or amplification, are an important
sign to evaluate, as it relates to the individual sub-
strate underlying the J-wave.
High-density mapping of the J-wave
In contrast to experimental wedge models
focusing on repolarization abnormalities,31 recent
high-density electrogram mapping in humans
both in vivo and ex vivo experimental conditions
provide evidence that a spectrum of heteroge-
neous substrates, related either to delayed depo-
larization or to early repolarization abnormalities,
underlie inferolateral J-wave syndromes.

Clinical mapping data have been collected from
patients with inferolateral J-wave syndrome in 3
centers.36 These patients had no apparent SHD
on MRI, and most were referred for VF recurring
despite antiarrhythmic drugs including quinidine.
A J-wave syndrome combined with a Brugada
syndrome was observed in a subset, either spon-
taneously or with sodium channel blocker. High-
density endocardial and epicardial (2000–6000
recorded points) electrograms were performed
during sinus rhythm in bipolar and unipolar
mode. A specific attention was paid to the electro-
grams coincident with the timing of J-wave. The
electrograms occurring within the J-wave were
considered as belonging to depolarization if they
were in temporal continuity of the surrounding de-
polarization field and sharp. They were considered
as indicating ventricular repolarization if there was
no continuity with surrounding depolarization elec-
trograms and a slow pattern (hump) in unipolar
mode.37,38

J-wave due to delayed depolarization abnormal-

ity In patients referred with an isolated inferolat-
eral J-wave syndrome, the J-wave was the
expression of an area of delayed depolarization
in the inferior part of ventricles in 15% to 30% of
cases (depending on the inclusion center),
whereas an early repolarization was the cause of
J-wave in the others (70%–85%). The true preva-
lence of depolarization versus repolarization ab-
normality varied between the inclusion centers
and was also biased as the patients could be
referred after quinidine failure, which may have
selected more patients with delayed depolariza-
tion. Delayed-depolarization J-waves were
recorded at the sites of terminal activation in the
right ventricle or left ventricle. Most of the
abnormal electrograms are found in epicardium,
whereas 3 patients had abnormal electrograms
recorded endocardially and epicardially. The ter-
minology of early repolarization here is erroneous
and “inferolateral J-wave” is more appropriate.
An example of a late depolarization J-wave is
shown in Fig. 4.

In contrast, in the patients with combined
J-wave and Brugada syndrome, J-wave was
consistently caused by a delayed depolarization.



Fig. 4. A case of inferolateral J-wave syndrome due to
abnormal depolarization. Epicardial depolarization in
the inferobasal right ventricle occurs at the J-wave
onset (small arrow) and is prolonged by low-voltage
fragmented electrograms coincident with the J-wave
body. Fluoroscopic anterior view shows the recording
of circular 20-pole catheter in the epicardial infero-
basal right ventricle and an endocardial decapolar
catheter along the septum. ER, early repolarization.

Fig. 5. A case of inferolateral J-wave syndrome due to
early repolarization syndrome. The ECG shows J-wave
amplification occurring in the third beat (asterisk)
following a longer cycle length. Electrograms are re-
corded during epicardial mapping within the white
dotted contour. Bipolar and unipolar recordings
show the sharp local depolarization coincident with
the very onset of J-wave (vertical line). The electrocar-
diographic J-wave is coincident with low-frequency
(“ER”) signals in unipolar recordings 1 to 11, which
cover the entire half-inferior surface of left ventricle
in this patient.
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The abnormal electrograms were recorded in infe-
rior right ventricle and similar to those in the RVOT,
suggesting structural alteration from the same
pathogenesis. The absence of ST elevation in infe-
rior leads, in contrast to V1-V2 leads, may be due
to specific properties of the RVOT tissue, more
prone to develop marked repolarization changes
secondary to altered depolarization.39–42

Ajmaline testing was performed in all patients of
the cohort and resulted in J-wave amplification or
ST elevation in the inferior leads in only 5 patients.
All 5 patients had a delayed depolarization,
whereas no patient with early repolarization had
J/ST wave amplification on Ajmaline.
The results mentioned earlier are in keeping

with the high prevalence of J-waves described
in various cardiomyopathies including noncom-
paction or arrhythmogenic right ventricular
cardiomyopathies. In this context, it is likely that
most of the J-waves express delayed
depolarization.

J-wave due to early repolarization In this subset
of patients there was no depolarization electro-
gram coincident with J-wave, but low-frequency
signals (hump) were present particularly in unipolar
recordings. Electrocardiographically, the increase
of J-waves during cycle-length prolongation was
likely the most specific sign associated with early
repolarization syndrome (Fig. 5).
The early repolarization potentials were domi-

nantly located epicardially in the inferior septum
and adjacent left ventricle including the regions
of papillary muscles.
The J-wave mechanism is likely here a voltage

gradient across the ventricular wall during early
phase of repolarization, as shown by Antzelevitch
and Yan.31 However, the current clinical mapping
techniques do not allow to measure repolarization
parameters precisely and to demonstrate a
gradient of repolarization or a phase 2 reentry. In
patients with spontaneous VF initiation, the au-
thors found an important triggering role of the Pur-
kinje system further confirmed by favorable
outcome after ablation (Fig. 6).

J-wave in human optical mapping In order to
elucidate the substrates underlying J-wave
syndrome, the authors’ team had the unique
opportunity to investigate human hearts with
electrocardiographic J-wave patterns obtained
through an organ donor program at the Univer-
sity Hospital. Epi- and endocardial optical
mapping and microelectrode recordings were
performed on either the left or the right
ventricle. In one subject, the J-wave phenotype



Fig. 6. Location of VF reentries in a
14-year-old patient with early repo-
larization (arrow). Noninvasive map-
ping is performed during the initial
2 seconds following spontaneous
initiation of VF (ECG shown). The
initial 2 beats seem as focal break-
throughs (2 red stars), whereas the
subsequent 15 beats seem as reentries
(in red) clustered in the inferior septal
area (inferior view). The latter
(epicardial) location is compatible
with an exit from the (endocardial)
left posterior Purkinje fascicle. INF,
inferior.
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was due to delayed conduction in the LV basal
region with 80% activation time prolongation
compared with control (P<.05) and was exacer-
bated with increasing pacing frequency. For the
other 2 subjects (who were siblings), J-waves
increased during bradycardia and were associ-
ated with a heterogeneous increase of the action
potential notch (phase 1 repolarization) and
Fig. 7. The spectrum of arrhythmogenic diseases leading
based on the primary pathogenesis.
delayed action potential plateau on the right
and/or left ventricular endocardium, but not
epicardium, with no associated conduction ab-
normalities. These unique human heart data
demonstrate that a variety of individual conduc-
tion and repolarization substrates, not limited to
the epicardium, can underlie J-wave syndromes
in humans.15
to SCD in apparently normal hearts, in 3 categories,
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SUMMARY

The present review shows that arrhythmogenic
diseases leading to SCD in apparently normal
hearts may be underlined by fundamentally
different substrates despite similar ECG pheno-
types (such as J-wave) or the absence of pheno-
type (IVF).
An important category is emerging in which the

primary substrates maintaining VF are localized
depolarization abnormalities due to microstruc-
tural myocardial alterations. Their pathogenesis
is potentially of multiple causes, altering myocar-
dial cells or their connections or leading to inter-
vening fibrotic, inflammatory, or fatty tissue. A
common feature of these substrates is that they
constitute a target for efficient catheter ablation.
In a second category of SCD with structurally

normal hearts, the primary VF substrates are repo-
larization abnormalities (long/short or early repo-
larization) for which drugs are the most
appropriate therapy. In a third category the
arrhythmia, mechanism seems dominated by
“focal” activities from Purkinje or myocardial
origin, such as catecholaminergic polymorphic
ventricular tachycardia or a subset of IVF. This
simplified classification (Fig. 7) does not exclude
overlapping mechanisms. It puts together arrhyth-
mogenic diseases, which are clinically distinct but
share similar modes of pathogenesis and therapy,
and potentially common genetic variants.
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