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rrhythmias originating from the right ventricular outflow tract:
ow to distinguish “malignant” from “benign”?
ataru Shimizu, MD, PhD
rom the Division of Cardiology, Department of Internal Medicine, National Cardiovascular Center, Suita, Japan.
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Idiopathic ventricular tachycardia (VT) originating from the
ight ventricular outflow tract (RVOT) in patients without struc-
ural heart diseases is generally considered as a benign ven-
ricular arrhythmia (VA). However, “malignant” VA, ventricular
brillation (VF), and/or polymorphic VT are occasionally initi-
ted by VT or ventricular premature contraction (VPC) originat-
ng from the RVOT. In this review article, previous reports
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iewed, and it is discussed how to distinguish the malignant
orm from the “benign” form of idiopathic VT originating from
he RVOT.

EYWORDS Ventricular fibrillation; Polymorphic ventricular tachy-
ardia; Sudden death; Catheter ablation
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escribing the malignant form of idiopathic RVOT VT are re- All rights reserved.
ntroduction
entricular tachycardia (VT) and ventricular premature

ontraction (VPC) originating from the right ventricular
utflow tract (RVOT) are often observed in patients without
tructural heart diseases and are generally considered as
enign ventricular arrhythmias (VAs).1,2 It is important to
istinguish an idiopathic RVOT VT from a VT caused by
tructural heart diseases, such as arrhythmogenic right ven-
ricular dysplasia (ARVD), in which the RVOT is one of the
rigins of malignant VT.3 The diagnosis of ARVD can be
ccomplished by demonstrating morphological abnormali-
ies of the right ventricle with cardiac imaging, that is,
chocardiography, magnetic resonance imaging (MRI)4 or
omputed tomography, and so on. However, it is not always
asy to detect subtle right ventricular (RV) morphological
bnormalities at an early stage with cardiac imaging.4 Idio-
athic VT originating from the RVOT shows a left bundle-
ranch block configuration in the precordial leads and an
nferior axis (normal axis or right axial deviation) in the
imb leads (Figure 1A). Radiofrequency catheter ablation
as become a primary therapy for idiopathic VT originating
rom the RVOT2; the success rates are approximately 90%,
nd the recurrence rates are generally low.5–7 Approximate
ocalization of the VT origin can be estimated by the QRS
onfiguration during VT or VPC. Septal origin in the RVOT
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s suggested by QRS duration �140 ms, whereas free-wall
rigin is suggested by QRS duration �140 ms associated
ith notches in the downslope of QRS in inferior leads

II, III, aVF).8,9 Deeper S waves in aVR lead than in aVL
ead indicate rightward inferior origin, while deeper S
aves in aVL than in aVR indicate leftward superior
rigin. Precise localization of the VT origin in the RVOT
or radiofrequency catheter ablation is determined by the
ombined use of pace mapping during sinus rhythm and
ctivation mapping during VT or VPC in electrophysio-
ogical study.

Idiopathic VT originating from the RVOT usually shows
monomorphic pattern of VT (Figure 1A), with nonsus-

ained VT separated by several sinus beats and frequent
PCs. Idiopathic VT is generally catecholamine sensitive

nd is often induced with exercise or infusion of catechol-
mine, such as isoproterenol and epinephrine. The mecha-
ism of idiopathic RVOT VT is thought to be triggered
ctivity due to cAMP-mediated delayed afterdepolariza-
ions; therefore, adenosine or adenosine triphosphate is ef-
ective in terminating RVOT VT.5,10 �-Blockers are gener-
lly believed to be effective in preventing the recurrence of
VOT VT.

Although idiopathic VT originating from RVOT is gen-
rally considered benign (Figure 1A), more malignant ven-
ricular arrhythmias, ventricular fibrillation (VF), and/or
olymorphic VT are occasionally initiated by VT or VPC
riginating from RVOT11–14 (Figure 1B, 1C). In this con-
emporary review, previous reports demonstrating the ma-
ignant form of idiopathic VT originating from the RVOT
re reviewed, and it is discussed how to distinguish the
alignant form from the benign form of idiopathic VT
riginating from RVOT.

. doi:10.1016/j.hrthm.2009.06.017
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alignant form of idiopathic VT originating
rom RVOT: Previous reports
ince the late 1980s, idiopathic VF or polymorphic VT has
een systematically reported in patients without organic
eart disease or any identifiable etiology.15,16 It is reported
hat such malignant VF or polymorphic VT is commonly
nitiated by a VPC with a very short coupling interval (CI).
he morphologies of the initiating VPCs have been reported
everal times, and most showed a left bundle branch block
LBBB) pattern with a superior axis,16 suggesting that the
rigin of the VPCs, which initiate VF or polymorphic VT,
ere the RV apex or RV inferior wall. In 1994, Leenhardt

nd coworkers16 reported 14 patients with a new electro-
ardiographic (ECG) entity of a short-coupled variant of
orsades de pointes, among whom the configuration of most
f the initiating VPC was an LBBB pattern with a superior
xis. In only one patient, the configuration of the initiating

igure 1 A: Twelve-lead ECG of benign form of idiopathic monomor
ormal axis. B: Twelve-lead ECG of malignant form of idiopathic polymor
ranch morphology with inferior axis (asterisks). C: Initiation of VF recor
riginating from RVOT. Note that the QRS morphology of the initiating V
eference 13 with permission.
PC was a LBBB pattern with a right axial deviation; o
owever, the origin of the initiating VPC was not clearly
uggested to be in the RVOT. To the best of our knowledge,
aissaguerre et al11 were the first to demonstrate that the
rigin of VPCs initiating idiopathic VF was the RVOT in a
inority of patients from their series. They recruited 27

atients who were resuscitated from recurrent episodes of
rimary idiopathic VF. The first initiating VPCs were
bserved during the electrophysiologic study and could
e mapped in all 27 patients. The origin of the VPCs was
apped in the RVOT in four of 27 patients, and the VPCs
ere successfully eliminated by radiofrequency catheter

blation. Viskin and coworkers12 described three patients
ho originally presented with typical benign-looking VT
riginating from RVOT but who developed malignant
olymorphic VT during follow-up. Noda and cowork-
rs13 enrolled 16 patients who showed spontaneous VF
n � 5) or polymorphic VT (n � 11) initiated by VPC

T originating from RVOT showing left bundle branch morphology with
originating from RVOT. Note that the initiating VPC showed left bundle

a monitoring ECG in a patient with the malignant form of idiopathic VT
identical to that of the preceding isolated VPC (asterisks). Modified from
phic V
phic VT
ded by
PC was
riginating from RVOT among 101 consecutive patients
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1509Shimuzu Catheter Ablation for Ventricular Fibrillation
n whom radiofrequency catheter ablation was conducted
or treatment of VT or VPCs arising from RVOT. Our
ata indicated that the malignant form of idiopathic VT
as present in 16% of the patients with idiopathic VT
riginating from RVOT; however, this high percentage
epresents a referral bias, since patients with the malig-
ant form of idiopathic VT are more likely to be hospi-
alized and more likely to be referred for radiofrequency
atheter ablation, while patients with the benign form of
diopathic VT are more likely to be treated conservatively
s outpatients; therefore, the true frequency of the ma-
ignant form of idiopathic VT originating from RVOT is
nknown but is much lower than 16%. Several patients
ith idiopathic VF have been reported as case reports, in
hich the initiating VPCs originated from RVOT could
e successfully abolished by radiofrequency catheter ab-
ation.17–19

ow can we distinguish the malignant form
rom the benign form of idiopathic VT
riginating from RVOT?
alignant ventricular arrhythmias, VF, and/or polymorphic
Ts are sometimes associated with idiopathic VT or VPCs,
hich originate from RVOT. It is of particular importance

o distinguish the malignant form from the benign form of
diopathic VT originating from RVOT, since the malignant
orm of idiopathic VT or VPCs often leads to unexpected
udden cardiac death.11–13

Several differences in ECG characteristics have been
eported between malignant and benign forms of idiopathic
T. Some reports have suggested a relatively short CI of

nitiating VPCs, which arise from RVOT and result in
alignant VF or polymorphic VT. Haissaguerre et al11

ivided 27 patients with idiopathic VF into two groups
ccording to the origin of the initiating VPCs: VPCs elicited
rom the Purkinje conduction system in 23 patients and
hose originating from the myocardium at RVOT in four
atients. They compared several ECG parameters of initi-
ting VPCs between groups, although these parameters

able 1 Comparison of ECG characteristics between malignant
VOT VT, benign RVOT VT, and idiopathic VF

Malignant
RVOT VT

Benign
RVOT VT

Idiopathic
VF P

I, ms:
Haissaguerre

et al.
355 � 30 — 280 � 26 .01

Viskin et al. 340 � 30 427 � 76 300 � 40 �.001
Noda et al. 409 � 62 428 � 65 — .27

RS duration, ms:
Haissaguerre

et al.
145 � 12 — 126 � 18 .04

Noda et al. 148 � 8 142 � 12 — .03
ycle length of

VT, ms:
Noda et al. 245 � 28 328 � 65 — �.0001
ere not compared with the benign form of idiopathic VT b
rising from RVOT. The CIs of the initiating VPCs were
hort in both groups but were longer in idiopathic VF
riginating from RVOT than from the Purkinje system
355 � 30 vs. 280 � 26 ms; P � .0111; Table 1). In the
hree patients with malignant RVOT VT reported by Viskin
nd coworkers,12 the CI of VPCs in three patients (340 � 30
s) was longer than that of VPCs in idiopathic VF (300 �

0 ms) but shorter than that of VPCs in benign RVOT VT
427 � 76 ms; Table 1). Moreover, when both monomor-
hic and polymorphic VT were recorded in the same pa-
ient, the CI leading to polymorphic VT was shorter than
hat leading to monomorphic VT. In the report by Noda and
oworkers,13 the CI of initiating VPCs in malignant RVOT
T was also short compared with the CI in benign RVOT
T (409 � 62 vs. 428 � 65 ms), although this did not reach

tatistical significance (Table 1). Thus, the available data
uggest that the shorter CI of initiating VPCs correlates with
he more malignant form of RVOT VT but that a cutoff
alue that would reliably differentiate malignant RVOT VT
rom benign RVOT VT remains to be defined. Moreover,
ong CI does not necessarily guarantee absence of risk.

The average QRS duration of the initiating VPCs origi-
ating from the RVOT in the malignant form of RVOT VT
as reported to be 145 � 12 ms by Haissaguerre et al11 and

igure 2 A: Polymorphic VT originating from RVOT in the malignant
roup on monitoring ECG. B: Monomorphic VT observed in the same
alignant group patient as shown in panel A. C: Monomorphic VT

riginating from RVOT in the benign group. Note that the CL of mono-
orphic VT in the malignant group patient (280 ms) in panel B was longer

han that of polymorphic VT in the same malignant group patient (250 ms)
n panel A; however, it was shorter than that of monomorphic VT in the

enign group (330 ms) in panel C.
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48 � 8 ms by Noda et al.13 It was longer than that in the
diopathic VF of Purkinje origin reported by Haissaguerre et
l11 (145 � 12 vs. 126 � 18 ms; P � .04) and also slightly
ut significantly longer than that in the benign form of
VOT VT reported by Noda et al13 (148 � 8 vs. 142 � 12
s; P � .03).
On the other hand, Noda et al13 suggested a significant

ifference of the cycle length (CL) of VT between malig-
ant and benign forms of RVOT VT (245 � 28 vs. 328 �
5 ms; P�.0001)13 (Table 1); however, it was not surprising
hat the CL of polymorphic VT in the malignant group was
horter than that of monomorphic VT in the benign group.
herefore, we further analyzed the CL of monomorphic VT
etween malignant and benign groups. Among 16 patients
ith the malignant form of RVOT VT, both monomorphic
VOT VT and polymorphic RVOT VT were recorded in

even patients. The CL of monomorphic VT recorded in the
even malignant RVOT VT group patients was still signif-
cantly shorter than the CL of monomorphic VT in the 85
enign RVOT VT group patients (273 � 23 vs. 328 � 65
s; P � .0001; Figure 2). Among the seven malignant
VOT VT group patients, the CL of monomorphic VT

ended to be longer than that of polymorphic VT (273 � 23
s. 241 � 36 ms; P � .08). Moreover, a previous history of
yncope with malignant characteristics was more frequently
bserved in the seven malignant RVOT VT group patients
han in the 85 benign RVOT VT group patients (5/7 vs.
5/85; P � .005). These data suggest that a shorter CL
uring monomorphic VT, when present, as well as a history
f syncope with malignant characteristics, may be a predic-
or of the coexistence of malignant VF or polymorphic VT

igure 3 Polymorphic changes of the QRS complex on ECG leads I, II,
1, and V5 during rapid pacing in a patient with the malignant form of

diopathic VT originating from RVOT. The morphological changes were
nduced by rapid pacing from the origin of the initiating VPC, which was
onfirmed by the efficacy of radiofrequency catheter ablation. Reproduced
rrom reference 13 with permission.
n patients with idiopathic VT originating from RVOT. In
onsideration of the available evidence, Holter or monitor
CG to record spontaneous episodes of RVOT VT and
btaining detailed previous history of syncope with malig-
ant characteristics are useful to differentiate the malignant
orm from the benign form of RVOT VT.

ossible mechanism of the malignant form of
diopathic VT originating from RVOT
lthough the mechanism of benign idiopathic monomor-
hic VT arising from RVOT is considered to be triggered
ctivity,2 that of the malignant form of idiopathic RVOT VT
s unknown because of less investigation of electrophysi-
logic characteristics during the ablation procedure. Among
he 16 patients with malignant idiopathic RVOT VT re-
orted by Noda and coworkers,13 programmed electrical
timulations induced VF in one patient and polymorphic VT
n two patients. We also conducted rapid pacing from the
rigin of initiating VPCs after radiofrequency catheter ab-
ation and could reproduce polymorphic morphological
hanges in the QRS configuration in two of seven patients13

Figure 3). It is speculated that functional block and/or
elayed conduction by rapid firing due to triggered activity
r microreentry arising from a single focus led to chaotic
entricular conduction, thus causing VF and/or polymor-
hic VT. However, it is also speculated that rapid firing
rom close multiple foci one after another produces poly-
orphic morphological changes in the QRS configuration,

ince other VPCs with slightly different QRS morphology
ften appeared after eliminating the initial target VPCs by
adiofrequency ablation.

herapy and follow-up
imilar to the benign form of idiopathic VT originating
rom RVOT, radiofrequency catheter ablation was con-
ucted to prevent VF or polymorphic VT in patients with
he malignant form of idiopathic RVOT VT.11 Precise map-
ing and catheter ablation for the malignant form of RVOT
T require a clear-cut trigger in the form of frequent VPCs,

ust as for the benign form of RVOT VT. Haissaguerre et
l11 performed catheter ablation in four patients with idio-
athic VF elicited from RVOT. Late recurrence of VPCs
ith the same morphology as preablation was observed in
ne patient; however, sudden cardiac death, syncope, or
ecurrence of VF were not reported. In the three patients
ith the malignant form of idiopathic RVOT VT reported
y Viskin et al,12 radiofrequency catheter ablation was con-
ucted in only one patient, an implantable defibrillator-
ardioverter (ICD) was implanted in the remaining two
atients, and all three patients were reported to be free of
rrhythmia recurrence. Noda et al13 performed radiofre-
uency catheter ablation in all 16 patients with the malig-
ant form of idiopathic VT arising from RVOT. The ICD
as implanted in one patient with induced VF after ablation,

nd �-blocker was used in four patients with partially suc-
essful ablation. During 106 months of follow-up, no recur-

ence of syncope, VF, or cardiac arrest was observed. How-
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1511Shimuzu Catheter Ablation for Ventricular Fibrillation
ver, among our series of the 16 patients with malignant
diopathic RVOT VT, a significant sign of ARVD (aneu-
ysmal formation of the RV mid to apex, dilatation of the
VOT) was developed in one patient 10 years later after
atheter ablation. These data suggest that radiofrequency
atheter ablation seems to be effective to cure the malignant
orm of idiopathic VT arising from RVOT; however, a
ackup of ICD implantation is required in patients with the
alignant form of idiopathic RVOT VT, especially in

hose with documented VF or cardiac arrest, since the
easibility of ablation has been demonstrated in small
eries of patients in expert centers and long-term fol-
ow-up data of catheter ablation are lacking. Moreover,
ur data indicate that careful morphological follow-up
ith cardiac imaging is also needed for early detection of
rogression to ARVD in some patients with the malig-
ant form of benign-looking RVOT VT.
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