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Olgectives. The purpose of this study was 1) to investigate the ef-
ﬁmcyndsiﬂyotmﬁo&equﬂxywmmabhnmasmme
of both lefi and right ventricu-
lar origin, MZ)towmpuetheummdezﬂenn(memm
mmptlemoforigmof di i

quency calheter ablation
has Ilm used wﬂ!l dramatic success in the treatment of patients
with Wolff-Parkinson-White syndrorme, atvicventricular nede re-
entrant (achycardia and bundle branch reeatrant tachycardia.
Limited data are available on the use of radiofrequency emergy
catheter ablation as curative treatmeat for idiopathic tachycardia
of both ieft and right ventricular origin.
Methods. 'l'nlty-eight coasecutive patients (13 to 7t years old)
with i i tachycardia were enrolied
in the study. The site of origin of both left and right ventricular
tachycardia was mapped using earfiest enducardial activation
times during tachycardia and by pace mapping. These mapping
techniques were compared,

Results. Radiofreq ablation was in all eight
patients (100%) with left ventriculer tachycardin, Tachycardia
recurred in one patient. The ablation procedera was complicated
by mild aortic insufficiency in one patient. Right ventricular
outflow tract tachycardia was successfully ablated in 17 (§5%) of
20 patients, The success rate at follow-up was 85%. Inone pauem,
the ablation procedure was ticated by acute
perforstion and death. Pace maps from successful ablation sites
were better than pace maps from uassecessful sites (p < 0.004).
Endocardial activation times at successful ablation sites were not
different from uasuccessful sites (p < 0.13),

Conclusions. Radmheqmncy catheter ablstion is an efective

for idi dia. The site of arigin

of tachycardia is hest identified using pace mapping, Significant

complications can occur and should be considered in the risk/
benefit analysis for each patient.

(I Am Coll Cardiol 1994:23:1333-41)

Rzdicfrequency energy has been used with dramatic success

in |he ion of Y p (1-4), the
icul (AV) tion (5,6) and in [ with AV
node ia (7-9). Application of this tech-

nique to patients wnh venmcular tachycardia and structural
heart disease has had only limited success (10,11), except
when used for the treatment of bundle branch reentrant
ventricular tachycardia (12,13). Idiopathic ventricutar tachy-
cardia, by definition, occurs in patients without known
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structural heart disease and usually originates near the right
ventricular outflow tract or from the posteroseptal aspect of
the left ventricle (14). These tachycardias have been sue-
cessfully ablated using direct current shocks (15). However,
because of the risk of barotrauma, the need for general
anesthesia and other potential complications with direct
current ablation, there is now great interest in the use of
radiofrequency energy for the ablation of these ventricular
tachycardias. There are at present only isclated case reports
describing ablation of ventricular tachycardia arising frem
the septa! aspect of the left ventricle or other left ventricular
foci, with variable success (16,17). Klein et al. (16) and
Wilbur et al. (i8) recently reported the results of radiofre-
quency catheter ablation in patients with idiopathic right
ventricular tachycardia. The current study extends theii
findings by comparing different mapping techniques and by
providing new data on electrocardiographic (ECG) localiza-
tion of tachycardia origin.
The purpose of our study was to compare different
catheter mappi hniques and to describe
the results of radiofrequency energy ablation in 8 patients with
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Teble 1. Clinical Characteristics of Patients With Idiopathic Left Ventricular Tachycardia

Age Exercise No. of Previous VT Rate QRS

Pt No./Gender {yn) Symptoms Induced AA Drugs Heart Discase (ms} (ms)
W k¥ P, PS Ne 1 None 536 160

™ 21 P, 7S Yes 3 None 306 120

m 21 P No 1 None 3 150

M k0] P No 2 Nose 0 130

SIF 17 P, PS Yes 3 MVP 375 130
6F 3 P No 2 None sz 150
mw™ 13 P, PS No i None 440 160
™ 30 P,PS Yes 2 None 340 40
Mean 4 18 389 143
+SD 7 10 75 15

AA = antiarthythmic; F = female; M = male; MVP = mitral valve prolapse with no murmur; P = palpitations; PS = presyncope; Pt = patient; QRS =

duration of GRS complex during clinical ventricular tachycardia (VT).

idiopathic left ventricular tachycardia and 20 patients with right
ventricular outflow tract tachycardia,

Methods

Patients. Twenty-eight consccutive patients who pre-
sented to the University of California, San Francisco be-
tween November 1989 and Decernber 1992 with idiopathic
ventricular tachycardia defined as recurrent monomorphic
ventricular tachycardia with a right bundle branch block
ECG configuration and superior axis or left bundle branch
block configuration and inferior axis were enrolled in this
study. All patients had history, physical examina-

aging, performed ir five patients, showed no evidence of
right ventricular dysplasia. No patient with a normal
echocardiogram was excluded because of an abnormal MRI
study.

Three patients were found 10 have underlying structural
heart disease. One patient (Patient 9) bad normal coronary
arterics and mild dilated cardiomyopathy, possibly related to
years of asymptomatic incessant ventricular tachycardia.
One patient (Patient 18) had normal biventricular function
and left main coronary artery disease treated with bypass
surgery. One patient (Patient 20) had three-vessel coronary
artery disease treated with bypass grafting. She had an

jon fraction of 55% with left véntricular posterobasal

tion, baseline ECG and echocardiography, and five p
underwent magnetic resonance imaging (MRI) before elec-
trophysiologic evaluation, The latter two imaging techniques

hypoxinesis by cchocardiography. None of these three pa-
tients lud Fwdence for right vcmnculnr discase at echocar-

: g . di In with ] heart discase, our
were used to exclude patients with right ventricular dyspla- ?
sia and to identify patients with segmental wall motion d:ﬁﬂmu:tn ;f idi d"xf "m.m"h:‘:chy“ﬂ“ was mm
abnormalities due to underlying coronary artery disease. No & :‘” . m 36 pali timutation: all had "
patient had inore than one configuration of ventricular s
tachyca:dm occumng either spontaneously or induced in the ible sponumeous development of k,ﬁ bundle, inferior m’

y. Two pati wnh a normal U Crartinnatod d“m‘ .

echocardiogram and several configarations of inducibl ven- “none had grams or_mid-

tricular tachycardia were excluded from this study.

Eight patients p d with idiopathic left ventricular
tachycardia. All patients had documented sustained ventric-
ular tachycardia with a QRS complex during ventricular
tachycardia exhibiting a right bundle branch block configu-
ration and no apparent underlying heart disease on the basis

diastolic potentials observed during mapping; and all had
endezardial activation times comparable to those observed
in other patients with idiopathic ventricular tachycardia. In
addition, premature ventricular contractions in these pa-
tients were of a single configuration, identical to that of their
ventricular mhycardia

of history, physical examination, ECG and echocardiogr
phy. Ventricular tachycardia had a superior axis in all
patients, but this was not required for inclusion. The clinical
presentation of each patient is shown in Table 1.

Twenty patients p d with idi right ventricu-
lar tachycardia. Al had d | ventricular

hycardia with a QRS complex during ventricular tachy-
cardia exhibiting a left bundie branch configuration and
inferior axis. Individual clinical characteristics are shown in
Table 2. Seventeen pa'lents had no known heart disease and
a normal baseli im-

Ei stady. d written consent was
obtained i m all panenls Patients were brought to the elec-
trephysiology laboratory in the fasting state. Under mild

as| physiologi
study was performed. Quedripolar electrode catheters were
passed from the right femoral vein and positioned in the high
right atrium, low septal right atrium and right ventricular
apex. Surface ECG leads 1, I1, aVF and V, were continu-
ously itored. Bipolar intracardi were
filtered with a bandpass of 30 to 250 Hz. Intracardiac pacing
was performed at twice diastolic threshold with a pulse
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Table 2. Clinical Characteristics of Patients With Right Ventricular Outflow Tract Tachycardia
Age Excrcise No. of Previous VT Rate QRS
Pt No./Gender o Symptoms Induced AA Drugs Heart Disease (ms) (ms)
oM 50 - Yes 0 DCM. EF 50% 364 160
oM 40 P.PS Ne i None 2 130
e 7 P.S Yes 0 Nonz 34 40
12F 47 P.P§ No K None 30 130
13/F 52 P Yes 3 Naone b1:3 140
WF 2 P Yes 4 None 35 140
5™ 44 P.PS No 1 None 58 160
16F 51 P.PS.D Yes 2 None kIA] 120
1F 37 P,PS.CP, D No 0 Nong 343 140
™M 5 P No ¢ LMCA, CABG n 150
BF 41 P.PS Yes 2 None 214 130
W/F 7 - Yes 0 ML, 3v. CABG 300 135
2F 68 $.PS No 9 None 210 120
2F 50 P Yes 1 None 340 150
2F 34 $ Yes 3 None 4o 150
WF 41 [ ] Yes 3 None 400 “
BF 57 P No o Nene 400 160
26/F 57 PS No 0 None 340 135
M 43 P.PS Ne 1 None 25 145
BF 2 P.PS. D No 1 None 360 140
Mean 464 23 kD] 14
+5D } A1 13 Kl 24

CABG = coronary artery bypass graft surgery: CP = chest pain; D = dyspaea; UCM = dilated cardiomyopathy; EF = ejection faction; IMi = infericr

myocardial infarction; LMCA =

duration of 2.0 ms. Programmed elzctrical stimulation was
performed in the baseline statc with up to three extrastimuli
at lwo dnve cycle lenglhs from two right ventricular sites. If
was ducible in the bascline state, isopre-
terenol infusion was initiated at { ug/min and increased to a
maximal rate of 5 pg/min in 1-ug/min increments to increase
heart rate by 25% to 30%. Pr d electrical
was performed at each new infusion rate and during the
“washout” phase aﬂer discontinuation of lsoproterenol
End points were development of

left main coronary antery: S = syncope; 3v = three-vessel coronary artery disease; other abbreviations as in Table 1.

a second ablation session in Patient 2 with recurrent left
saptal ventricular tachycardia. The ablation catheter tip was
positioned fluoroscopically using both the right and left
anterior oblique views. In patients with right ventricular
outflow tract tachycardia, the ablation catheter was ad-
vanced across the tricuspid valve into the right ventricular
outflow tract. Patients did not undergo heparinization. The
tip of the catheter was then carefully passed through the
pulmomc va!ve This was characterized by a loss of high

vemncular tachycardia wnth or wnhout isoproterenol infu-
sion, induction of d with
pacing or extrastimulation or 5 pg/min of isoproterenol
infusi Frcquenl d ventricular
or ibl ined ventricular tachy-
cardna was considered sufficient for mappmg
Mtppilgandablalion di E

g Initial sites of endocardial activa-
uon mappmg and pace mapping were performed by slowly
withdrawing the ablation catheter through the pulmonic
valve. Pace mapping was performed in sinus rhythm at
endocardial sites showing eariy activation during ventricular
tachycardm Sues of early activation were defined as those

d | ials earlier then the eacliest sur-

mapping and pace mapping were performed for localization
of the ventricular tachycardia focus using a steerable quad-
ripolar ablation catheter with 5-mm interelectrode spacing
and a 4- or 5-mm distal tip electrode (8F, EP Technologies;
7F, Mansfield-Webster catheters, Boston Scientific). Before
mapping left-sided tachycardias 5,000 U of heparin was
administered intr ly followed by mai doses
of 1,000 to 2,000 U of heparin hourly. The ablation catheter
was introduced from the right femoral vein in patients with
right ventricular outflow tract tachycardia and from the right
femoral artery in patients with left septal ventricular tachy-
cardia. A transseptal approach was used successfully during

face . In patlems with idiopathic left ventricular
tachycardna, the ablation catheter was passed retrograde
through the aortic valve with the tip of the catheter initially
positioned in the midseptum posteriorly. Pace mapping was
performed in sinus rhythm at endocardial sites showing early
activation during ventricular tachycardia. Pacing was bipolar
and was generally performed at twice diastolic threshold ata
1.0-ms pulse durati , pacing thresholds were not
determined at all ablation sites. For both groups, enducardial
sites showing early activation and u pace map that best
reproduced the spontaneous ventricular tachycardia were
treated with 20 to 50 W of continuous uamodulated energy at
550 kHz (EP Technologies) delivered between the distal pole
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of ihe ablation catheter and a large surface-area skin patch
placed over the left scapula. Energy was applied during
ventricular tachycardia or in sinus rhythm for up to 100 s. If
there was an abrupt impedance increase, energy delivery
was terminated i diately, the cath d and the
distal electrode cleaned. Success was defined as abolition of
inducible or spontaneous ventricular tachycardia. Pro-
grammed elecmcal stimuation both with and without iso-

was repeated 30 min after successful
.:blauo" l'om‘ procedure time, defined as total time in the

logy lab y, and fl pic time were

recorded in all patients.
Fellow-up. All p were itored i ly in
hospital fur 240 48 h after the ablatxon procedure. Electro-
diography and ech di hy were performed before

discharge in all patients. Follow-up information was ob-
tained from cither the referring physician or from direct
follow-up in our arrhythmia clinic. Patients who developed a

JACC Vol 23, No. 6
May 1994:1333-41

Results

Idiopathic ventricular tachycardia was successfully ab-
lated in 25 (89%) of 28 patients. Radiofrequency ablation was
initially successful in all eight patients (100%) with ieft septal
ventricular tachycardia. Tachycardia recurred in two pa-
tients, and one of these patients was successfully treated at
a second ablation session, for an overall success rate of
87.5% at a mean follow-up of 10.1 *+ 6.7 months. Right
ventricular outflow tract tachycardia was successfully ab-
laled in the elecu'ophyslology laboratory in 17 (85%) of 20
d in one pauent and was suc-
cessfully u'ea!ed at a second ablation session, for a success
rate of 85% at a mean follow-up of 9.9 + 7.3 months.

Electrophysiologic characteristics. Data frum the electro-
physiologic study, mapping and catheter ablation proced
and subsequent follow-up for patients who presented with
idiopathic lefi ventricular tachycardia are shown in Table 3.

clinical recurrence had their } dia docu-

Idiopathic left ventricular tachycardia was inducible in four

mented by Holter monitoring or ECG. A successful long-
term ablation result was defined as the absence of sustained

hythmias or symp of palp without antiar-
rhythmlc agents.

Statistics. All values are presented as mean value = SD.
Pace maps at successful and unsuccessful ablation sites were
scored in blinded fashion by four electrophysiologists. All
pace maps were given a score for tnc aumber of leads with
an identical height of R /depth of S wave (R/S) ratio
match (12 represented a perfect RIS ratio match in afl 12
leads), as weli as a score for fine notching in each ECG lead.
The total score (R/S ratic + fine notching) from each
electrophysiologist for each map was added (perfect score
4 x4= 96) The scores for ali pace maps obtained from

ful blation sites were compared with
the scores for pace maps from sites where ablation was
unsucressful. A total of 22 ful and 63 ful
pace maps were scored. The pace map from the successful
ablation site was not avaitable for analysis in three p
(Patients 3, 13 and 15). Only pace maps from sites where
ablation was attempted were scored. Pace maps from
pati with ful ablati as well as those from
patients with failed cath bl were included. Pace
map scores from successful ablation sites were compared
with those from unsuccessful ablation sites using lwo—group
Kol Smimov p ic testing.
times at ful and fi sites

with pacing alone, in two patients with pacing
during isoproterenol infusion and in one patient with isopro-
terenol infusion alone. The mean ventricular tachycardia
cycle length was 393 £ 89 ms, Fascicular potentials were not
observed on endocardial electrogram recordings from suc-
cessful ablation sites in seven of eight patients. In Patient 6,
a fascicular potential was observed 10 to 20 ms before the
onset of the surface QRS complex in tachycardia. This
patient had recumrent tachycardia twice after apparcntly
successful ablations and had the only long-term failure.
Data fmm the electrophysiologic study, mappins and

who d wnh idiopathic right icul
tachycardna are shown in Table 4. Right ventricular outfiow
tract tachycardia was induced in 13 patients with isoproter-
enol infusion alone. In no patient did pacing protocols alone
induce ventricular tachycardia. The configuration of prema-
ture ventricular complexcs was identical to that observed
dunng vemncular uchycurdn. The mean cycle length of
dia was 330 = 77 ms. None of
the patients with undcrlymg cardiac disease had inducible
tachycardia with programmed stimulation, and all developed
spontaneous episodes of ventricular tachycardia during iso-
proterenol infusion.
Mupphg of veatricular tachycardia, Pacing and activa-
tion mappmg data from patients with enher left or right
dias were bi we found
no dlﬂ‘erences in lhns vanable betw:en groups. Endocardml

were compared using analysis of variance. The statistical
package used was Statview IL, version 1.04.

Analysis of the surface ECG as a predictor of precise
location: of right ventricular cutflow tract tachycardia was
performed using the successful ablatior site as evidence for
!achyca:dla ongm Comparisons were made using two-group

Smirncy ic testing. Differences
were considersd significant if p < 0.05.

times during
ablation sites varied from —10t0 —45 ms befom the onset of
the earliest surface QRS complex. Mean endocardial acti-
vation time during ventricular tachycardia was -26.2 =
11.6 ms at successful and —25.4 = 11.4 ms at unsuccessful
ablation sites. This difference was not significant {p < 0.13)
(Fig. 1).

For each patient, endocardial activation time at the
successful ablation site was at least as early as the endocar-
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Table 3. Electrophysiologic and Ablation Data in Patients With Idi jic Left Ventri T: i
Successful Pace Clinical Follow-Up
Map
VICL RF EAT —_ VT Location Duration

Pt No. VT Induciion (ms) (no.) {ms) R'S  Notching in LV Septum  Complic  Success {mo) Findings

1 Incessant 540 5 ~40 n 1 MidLV/PS - Yes 12 —

2 54 at RVA on fso 255 10 -40 2 1l MidLV/PS - Yes 8 VT rec/suceess

3 320 VOD on [so 360 9 -40 - -_ MidLV/PS - Yes pAl _

4 350 VOD 430 4 -4 2 9 MidLV/PS - Yes 8 —

5 Spontaneous on [s0 450 3 -4 2 12 MidLV/PS - Yes n —

& 0 VOD ELl] 7 -40 12 1 MidLV/PS Yes Yes 7 VT rec/faited

7 300 VOD 440 3 =30 12 1t MidLVv/ipS — Yes 3 -~

8 310 VOD 340 4 -30 12 H Anteroseptal - Yes 2 -
Mean % 56 -375 ns 10.9 0.1
*5D 8 7 46 0.5 1.0 6.7

Complic = complications; EAT = endocardial activation time from surface QRS complex to i i LV =teft icular; MidLV/PS =

pasteraseptal midway from apex to base; Pt = patient; RF = radiofrequency ablation; Notching = number of electrocardiogram (ECG) teads on the pace map
from the successful ablation site with a perfect configurational match with the clinical ventricular tachycardia; R/S = number of ECG lead- on the pace map from
the successful ablation site with a perfect R/S ratio mateh with the clinical ventricular tachycardia: VT CL = cycle length of induced ventricular tachycardia; 54
at RVA ca [so = three imuli at the right feular apex during i infusion: 320 VOD on Iso = ventricular overdrive pacing at 320 ms during
isopraterenol infusion; VT rec = ventricular tachycardia recurred after discharge from the efecirophysialogy laboratory/result of second ablation session.

dial activation time at ful ablation sites. From a Pace mapping was analyzed with respect to both R/S ratio
practical standpoint, however, many unsuccessful sites had ~ n each lead and fine notching in each lead. A total of 22
early endocardial activation times, and the decision to per- ful and 63 ful pace maps were scored. At
form ablation could not be based on endocardial activation  successful ablation sites, at least 11 of 12 leads had identical
time alone. R/S ratios compared with the 12-lead ECG of clinical ven-

Table 4. Electrophysiologic and Ablation Data in Patients With Right Ventricular Outflow Tract Tachycardia

Suceessful Pace Clinicat Follow-Up
M —_—
VICL RF EAT —_ VT Localion Ablation  Duralion
Pt No. VT Induction {ms) (@ () RS Nowhing inRVOT  Complic  Success (ma) Findings
9 Iso 3% 2 -3 12 12 PS - Yes 10 PVCs x Bh
10 Iso 20 3 - 1?2 10 PS - Yes 9 -
f Is0 30 13 -45 1?2 12 AS RBBB Yes 15 —_
2 Isa s 2t -30 - - PS - Yes 13 -
3 84 at RVA on [so 280 9 — - - - - No 2 VTiprocainamide
(L] Incessant 00 7 -0 - - AS - Yes 36 ~
15 Iso 350 3 -3 1 10 AS -— Yes 3 -
16 Noninducible 3 - - - - - Ne 9 VT/moricizine
17 Incessant 380 2 -40 12 12 AS RBBB Yes 9 —_
18 Iso 560 9 - 12 ] AS - Yes 1 NSVT
19 Isa 280 3 -10 2 12 AS - Yes 9 -
20 Iso 260 10 - 12 12 AS - Yes 1 -
21 Incessant 320 9 - 1 12 AS - Yes 7 PVCs
2 Iso 280 2 -10 12 12 AL at His - Yes 5 VT rec/success
) Iso 260 10 -30 12 12 AS - Yes 5 -
2 Iso 4“0 3 -0 2 2 AS - Yes 5 -
25 Iso 400 ] -20 12 n AS - Yes 3 -
26 Iso 7 - - - - RV perf Na — Pt died
n §3a1 RVQT on Iso 265 5 — 1 it AS - Yes 3 -
28 Incessant 36 3 -2 12 10 AS —_ Yes 1 —_
Mean 325 84 -263 119 110 99
=8D B9 85 2.1 04 X ] 12
AL at His = anterolateral at the level of the His catheter; AS = l; NSVT = i ined icul fia; PS =
posteraseptal; PVCs = lefi bundle i i i RVOT = right ventricular outflow tract: RV perf = right ventricular oulflow

tract ion with hemod! ic collapse; olher abbreviations as in Table 3.
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Figure 1. Endocardial acuvauon times from sites of successful

ycardia ablation with ion times from sites of
unsuccessful catheter ablation. Note the significant overlap between
these groups (p < 0.13).

tricular tachycardia, Pace maps from ful ablati
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sites were significantly better than those from unsuccessful
sites (p = 0.004) (Fig. 2). A representative pace map from a
successful ablation site is shown in Figure 3. This pace map
had a score of 94 (96 maximum).

Surface ECG localization of right ventricular outflow tract
tachycardia. The surface ECG of tachycardia in patients
with right ventricular outflow tract tachycardia was retro-
spectively analyzed in the 17 p with ful radio-

of
ous and a pace map ‘at the successful
ablation site in the posteroseptal region of the left ventricle (Patient
9). Note the very close match of both R/S ratio and fine notching in
all leads.

precordial QRS transition (first precordial lead with R > §)
and lnmb lead conﬁgurauon The anatomic position of the
blation site was determined flu-

frequency ablation to determine whether the surface ECG
could be used to more accurately localize the site of origin of
right ventricular outflow tract tachycardia. Baseline ventric-
ular tachycardia surface electrograms were assessed for

Figure 2. Comparison of pace map scores obtained from sites of
successful tachycardia ablation with those from sites of unsuccess-
ful ablation. The differences were significant {p < 0.004). A perfect
pace map score was 96.

(maximum)se

vace-map *°

score

Sucressful

Unsuccesslul
ablatlon attempts

aplation anempts

from nghl and left anterior oblique views.
Anatomic areas were defined as septal, lateral, anterior or
posterior and either cranial (immediately below the pulmonic
valve} or caudal (level of the His electrogram). The mean
transition lead for cranial sites of ablation was 3.2(n = 9,
SEM % 0.2) and 4.1 (n = 6, SEM = 0.2) for caudal sites of
ablation. This difference was significant (p < 0.01). Analysis
of the limb lead QRS configuration demonstrated that all
successful ablations in the septal side of the right ventricula
outflow tract had a negative QRS complex in lead aVL (16 of
16), whereas successful ablation on the lateral aspact of the
right ventricular outflow tract was associated with a positive
QRS complex in lead aVL (1 of 1). Other limb leads offered
no additional value in localizing the focus.

For left ventricular tachycardias, ECG analysis revealed
either an rSR’ or an RSy’ in lead V, with a mean QRS
duration of 143 = 15 ms and a fiontal plane QRS axis
between 262 and —85. Analysis of limb lead configuration
and transilion of the R wave in the precordial leads did not
offer additional information in localizing the left ventricular
tachycardia focus.

Ablation results (Fig. 4 and 5). Radiofrequency abiation
was successful in 8 (100%) of 8 patients with idiopathic left
ventricular tachycardia at the time of discharge from the
hospital. In six p the ful ablation site was in
the posteroseptal region of the left ventricle (Fig. 5). In one
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Figere 4. Right (A) and let (B) anterior oblique views of the
successful radiofrequency ablation site in the anteroseptal region of
1he right ventricular outflow tract (Patient 11). ROVE = mapping
and ablation catheter; RVA = catheter in the right ventricular apex:
HBE = catheter in the His bundle position.

patient the site of ventricular tachycardia was on the an-
teroseptal aspect of the }:ft ventricle near the apex. Tachy-
cardia in the remaining patient was ablated in the postero-
septal aspect of the left ventricle but was closer to the base
than the apex.

Ablation was successful in 17 (85%) of 20 patients with
right ventricular outflow tract tachycardia. The site of origin
of right ventricular outflow tract tachycardia, on the basis of
successful ablation, was in the anteroseptal region of the
right ventricular outflow tract under the pulmonary vaive in
13 patients (Fig. 4), in the posteroseptal right ventricular
outflow tract under the pulmonary valve in 3 patients and in
the anterolateral right ventricular outflow tract just cephalad
to the His electrogram position in I patient.

COGGINS ET AL.
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Figure 5. Right (A) and left (B) anterior oblique views of the
successful radiofrequency ablation site in the posteroseptal region of
the left ventricle (Patient 2). Abbreviations as in Figure 4.

Complications. Patient 6 who presented with idiopathic
left ventricular tachycardia was noted to have a new murmur
of aortic regurgitation on examination, and transthoracic
echocardiogram confirmed mild aortic regurgitation. The
ablation procedure in this patient was performed initially
using a transseptal approach. After this failed, retrograde
aortic catherization was performed.

Permanent right bundle branch block occurred with ab-
lation at the successful site in two patients with right
ventricular outflow tract tachycardia. This did not occurasa
consequence of catheter trauma, and there was no evidence
for catheter dislodgment on the basis of biplane fluorescopic
imaging during ablation. One patient with idiopathic right
ventricular tachycardia developed cardiac tamponade that
was unrelieved by needle pericardiocentesis. Emergency
thoracotomy stabilized the paiient hemodynamically, but
she failed to recover neurologicatly and died i month fater.
Transthoracic echocardiograms and Doppler studies per-
formed after ablation were t d in the remaini
26 patients.
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Discussion
This study confirms and extends previous reports of
| ablation in p: with idiopathic ventricular

tachycardia. To our knorw'edge, this is this first report of a
significantly large series of patients with left septal vemnc-
ular tachycardia treated by radiofreq i
A long-term cure was achieved in seven of eight

JACC Vol. 23, No. 6
May 1934:1333-41

Klein et al. (16) and Wilber et al. (18). None of the patients

showed fractionat ials or evid for a zone of
slow conduction at the ful ablation site.

Early endocardial activation time was found to be a
necessary but insufficient criterion for ful abl

All successful ablation sites had endocardial activation times
as early as or easlier than other sites in any given patient;

Seventeen of 20 patients with right ventricular outflow
tract tachycardia had long-term arrhythmia cure, as defined
by absence of symptoms with no antiarrhythmic drug ther-
apy. Although there have been afew recenl rcpons describ-
ing series of pati

, many ful ablation sites had equally early
activation times. In addition, the absolute value for endocar-
dial activation time at ful ablation sites was highly
variable, ranging from —10 ms in Patient 19 to —45 ms in
Patient 11. In contrast to the report of Klein et al. (18),

ablation of idiopathic right ventricular tachycardla
(16,17,18}, the current study describes the largest series of
patients with right ventricular outflow tract tachycardia
repurted to date. It is !he ﬁm study to comparc lhe SUCCEsS
of different mapping map-
ping compared with pace mappmg) and pravides an analysis
of the 12-lead ECG of right ventricular outflow tract tachy-
cardia, which may help improve the ability to predict the
location of the tachycardia focus. The report also describes
a patient death that occurred as a complication of the
ablation procedure. An additional point of interest was the
finding that 3 of the 20 paticnts had associated cardiac
disease.

multiple ful ablation sites had endocardial activa-
tion times earlier than successful sites in other patients, We
found endocardial activation time «ost useful as a guide to
the general region of tachycardia origin. Pace mapping must
then be used to identify the site of origin more accurately.
During pace mapping, efforts were concentrated on match-
ing the R/S ratio in all 12 ECG leads. If R/S ratios matched,
fine notching morphclogy tended to follow.

Analysis of sarface ECG tracings. We found that analysis
of the 12-lead surface ECG provided important clues relative
to right ventricular outflow tract tachycardia location. For
example, more caudal locations (that is, close to the His
bundie) in the right ventricular outflow tract were associated
with later precordial R wave transition (leads V, to Vy)

ventricular tach, dia and ing cardiac
discase. Three patients in our series had underlying heart
disease (cardiomyopathy in one, previous myocardial infarc-
tion m one, coronary anery disease in one), but their clinical
and el ! istics were otherwise typi-
cal of pauez-'s with ldlopathic right ventricular tachycardia
(‘6,19) Each of lhese panent presented with frequent

hic ventricular tachy-
cardxa, cach patient had noninducible tachycardla with pro-
grammed stimulation; and each devel p ep-

d with cranial right ventricular outflow tract foci
(that is, near the pulmonic valve), with transition between
leads V; and V,. Similarly, more lateral right ventricular
outflow tract foci usually project positive forces in lead aVL.

Complications. We report the first death resulting from
radiofrequency energy ablation. in the right ventricular out-
flow tract. During the final ablation attempt in this patient,
there was an impedance increase. Energy delivery was
immediately interrupted. No sudden change in ablation

isodes of ventricular tachy during isop
infusion. Endocardial activation time at the ful abla-

heter position was noted on continuous fluoroscopic
imaging during the abllatinn attempt. On withdrawal of the

tion site was similar to that in other patients in our series and
simitar to those reported by Klein et al, (16). There was no
evidence for isolatec mid-diastolic potentials during ventric-
ular tachycardia, and no zone of slow conduction was
observed as is characteristically found in patients with
previous myocardial infarction and microreentrant ventric-
ular tachycardia (20-22). We used the same mapping tech-
niques to localize the site of tachycardia origin in these
patients as was used for all other patients in our series.
These pati h that the p of organic car-
diac dlsease does not necessarily exclude the possnbxhly of
“idiopathic ventricular tack

Endocardial jon and ing techni We
found ne diference in endocardial activation times during
ventricular tachycardia between patients with a right ven-
tricula: outflow tract ongm compared wuh those wnh leﬂ

heter it was i that the tip was adh
to the ventricular wall. With gentle manipulation the catheter
was worked free and removed for cleaning. Coagulum was
present on the catheter tip. Shortly thereafter, the patient’s
hemodynamic status deteriorated, and a large longitudinal
tear in the wall of the right ventricular outflow tract was
found during emergent surgical repair. We believe that this
complication might have been avoided if a thermiztor cath-
eter with feedback control of cath tip temp had
been used. Such catheters are now in clinical trials.

One patient was noted to have mild aortic insufficiency by
examination and Doppler echocardiography after ablation of
a left ventricular tachycardia. The cause of this abnormality
is not known but is presumed to be catheter induced.

Conclusions. Our data d that radioft
catheter ablation can be highly successful in the treatment of
idiopathic left i hycardia and support previ

septal lar origin. dial ion
times at successful sites were S|m|lar 1> those reported by

studies d the remarkable efficacy of ablative
procedures in patients with idiopathic ventricular tachy
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dia arising from the right ventricle. We found that right
ventricular outflow tract may coexist with other forms of
cardiac disease; hence the presence of structural heart
disease should not serve to discourage application of abls-
tive procedures if the clinical and electrophysiologic findings
are typical of idiopathic ventricular tachycardia. We found
that analysis of the 12lead ECG during ventricular tachy-
cardia provided clues as to the tachycardia origin in patients
with right ventricular outflow tract tachycardia. Pace map-
ping was clearly more accurate than endocardial activation

1 ahi

in finding

elim-

sites. Compl

ination of inducible ventricular tachycardia or spentancous
premature ventricular contractions (with configuration iden-
tical to that of ventricular tachycardia), together with perfect

or near-perfect pace maps tended to predict long-term
success.
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