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Radiofrequency Catheter Ablation of Idiopathic
Left Ventricular Tachycardia Guided

by a Purkinje Potential
Hiroshi Nakagawa, MD; Karen J. Beckman, MD; James H. McClelland, MD;

Xunzhang Wang, MD; Mauricio Arruda, MD; Ian Santoro, MD; H. Andrew Hazlitt, MD;
Ismaile Abdalla, MD; Anantjit Singh, MD; Heinz Gossinger, MD; Raed Sweidan, MD;

Kenzo Hirao, MD; Lawrence Widman, MD, PhD; Jan V. Pitha, MD, PhD;
Ralph Lazzara, MD; Warren M. Jackman, MD

Background. Verapamil-sensitive, idiopathic left ventricular tachycardia (ILVT) with right bundle
branch block configuration and left-axis deviation has been suggested to originate from the left posterior
fascicle. The purpose of this study was to determine how fequently potentials generated by the Purkinje
fiber network (P potential) can be recorded preceding ventricular activation, and the role of the P
potential in guiding radiofrequency catheter ablation.
Methods and Results. Eight patients (mean age, 26±10 years) with ILVT (cycle length, 346±59

milliseconds) were studied. Right and left ventricular endocardial mapping during tachycardia identified
earliest ventricular activation at the posteroapical left ventricular septum. In all patients, earliest
ventricular activation during tachycardia was preceded by a distinct potential. This potential also
preceded ventricular activation during sinus rhythm, consistent with activation of a segment of the left
posterior fascicle (P potential). The earliest recorded P potential preceded the QRS during tachycardia by
15 to 42 milliseconds (mean, 27±9 milliseconds). The application of radiofrequency current at 1 to 4 sites
(median, 1) eliminated ILVT in all eight patients. In the seven patients with P potentials recorded at
multiple sites within the posteroapical septum, ablation was successful at the site of the earliest P
potential and unrelated to the timing of ventricular activation. In the remaining patient, ablation was
successful at a site recording a lateP potential fusing with earliest ventricular activation. During follow-up
(1 to 67 months; median, 10.5) ILVT recurred only in the latter patient. Pace mapping during tachycardia
at the successful ablation site in four patients produced a similar QRS with stimulus-QRS interval equal
to P-QRS interval during tachycardia. However, a similar QRS was obtained by pacing at nearby sites that
recorded a later P potential.

Conclusions. These findings support the hypothesis that ILVT originates from the Purkinje network of
the left posterior fascicle. AP potential can be recorded at the posteroapical left ventricular septum during
ILVT, and ablation is successful at the site recording the earliest P potential. Pace mapping with similar
QRS is not specific due to capture of the Purkinje fiber network at a site remote from the origin of the
tachycardia. (Circulation. 1993;88:2607-2617.)
KEY WORDs * ventricular tachycardia * catheter ablation * radiofrequency current

R oadiofrequency catheter ablation has become a
principal form of therapy for supraventricular
tachycardia in patients with Wolff-Parkinson-

White syndrome and atrioventricular nodal reentry.1-8
Catheter ablation of ventricular tachycardia in patients
with structural heart disease, using either DC shocks or
radiofrequency current, has been less effective.9-13 In
contrast, catheter ablation of ventricular tachycardia in
patients without structural heart disease ("idiopathic
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ventricular tachycardia") has been highly successful.14-18
In the majority of reported patients without structural
heart disease, ventricular tachycardia originated from the
right ventricle and exhibited a left bundle branch block
configuration and inferior frontal plane axis. A second
type of idiopathic ventricular tachycardia has been char-
acterized by a distinctive QRS morphology (right bundle
branch block pattern and left-axis deviation), precipita-
tion by catecholamines and exercise, termination by

See p 2978
intravenous verapamil (and occasionally by adenosine),
and may be suppressed by oral verapamil and 3-adren-
ergic-blocking agents.19-34 Early retrograde His bundle
activation, combined with the characteristic QRS con-
figuration, suggests this form of ventricular tachycardia
originates from the Purkinje fiber network of the pos-
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terior fascicle of the left bundle branch.20,2223,25 If so,

earliest ventricular activation during ventricular tachy-
cardia should be preceded by a potential generated by
the Purkinje fiber network (P potential). The purpose of
this study was to determine how frequently P potentials
can be recorded preceding ventricular activation during
this distinctive form of ventricular tachycardia and to
examine the usefulness of P potentials as a guide in
selecting a site for radiofrequency catheter ablation.

Methods
Study Population
The study population consisted of eight consecutive

patients referred for catheter ablation of medically
refractory idiopathic sustained ventricular tachycardia
exhibiting the characteristics described above. There
were six males and two females, ranging in age from 12
to 40 years (mean+SD, 26+10 years). ECGs recorded
during tachycardia exhibited a right bundle branch
block pattern and left-axis deviation. No patient had
apparent structural heart disease. Doppler echocardio-
gram was normal in all patients. One patient (patient 8)
had pulmonary sarcoidosis without evidence of cardiac
involvement by magnetic resonance imaging. In three
patients, the ECG showed transient nonspecific T wave

changes in leads II, III, aVF, and V4-V6 following an
episode of tachycardia.21 A contrast left ventriculogram
and coronary angiogram had been performed in three
patients and were normal.
The eight patients had had from 2 to >20 docu-

mented episodes of sustained tachycardia over a mean
of 7.7±5.5 years (Table 1). Tachycardia produced syn-
cope or presyncope in three patients and palpitations
and weakness or fatigue in five patients. The ventricular
tachycardia was incessant in two patients in the absence
of antiarrhythmic drugs. The tachycardia was precipi-
tated by exertion or excitement in five of the eight
patients and was terminated by the intravenous admin-
istration of verapamil in all five patients tested. Oral
verapamil or diltiazem, alone or combined with 13-ad-
renergic-blocking agents, were partially effective in
suppressing the tachycardia in all eight patients.

Electrophysiological Study Protocol
The study protocol was approved by the institutional

review board. After providing written informed consent,
each patient was studied in the fasting state under heavy
sedation with fentanyl (25 to 100 ,g/h) and midazolam
(1 to 4 mg/h). Oxygen saturation was monitored with a

pulse oximeter. Four or five multielectrode catheters
(2-mm interelectrode distance) were inserted percuta-
neously into the right subclavian, right femoral, and left
femoral veins and advanced under fluoroscopic guid-
ance to the right atrial appendage, His bundle region,
coronary sinus (five patients), right ventricular apex (for
programmed ventricular stimulation and a reference
electrogram), and one catheter was used for right
ventricular mapping. In the first patient (9/87), a non-
deflectable 7F octapolar electrode catheter (2-mm spac-
ing) without a large-tip electrode was used for left
ventricular endocardial mapping and ablation. In pa-
tients 2 through 8, left ventricular endocardial mapping
and ablation were performed using a 7F deflectable

TABLE 1. Characteristics of Patients and
Electrophysiological Findings

Years of No. of
Patient Age, y Sex Symptom Symptom Episodes

1 15 F Presyncope 5 >20

2 37 F Palpitation 15 >20

3 36 M Palpitation 10 15

4 12 M Palpitation 2 6

5 25 M Syncope 10 >20

6 40 M Palpitation 15 >20

7 20 M Palpitation 2 2

8 30 M Syncope 3 15

Mean 26 7.7

±SD 10 5.5

QRS-H indicates the interval between the onset of QRS and
retrograde activation of His bundle during ventricular tachycar-
dia; VA, ventriculoatrial; NA, isoproterenol was not adminis-
trated; HA, block between His bundle and atrium during ventric-
ular tachycardia; VH, block between ventricle and His bundle
during ventricular tachycardia; RV, right ventricle; RA, right
atrium; LV, left ventricle; ES, extrastimuli; and RP, rapid pacing.

interelectrode spacing) with a 4-mm tip electrode. This
catheter was inserted into the right femoral artery and
advanced retrogradely across the aortic valve. Intrave-
nous heparin was administrated in a bolus dose of
10 000 U with an infusion of 1000 U/h.

Bipolar intracardiac electrograms (2-mm spacing)
were recorded using a filter bandwidth of 30 to 500 Hz.
Ventricular tachycardia was induced by programmed
ventricular stimulation, using up to three extrastimuli
and burst pacing at two right ventricular sites. Ventric-
ular tachycardia induction was facilitated by pro-
grammed stimulation of the left ventricular septum in
two patients. In patients in whom sustained ventricular
tachycardia was not induced, isoproterenol was admin-
istrated by continuous infusion in 1 pLg/min increments,
and programmed ventricular stimulation was repeated.
Isoproterenol doses of 1 to 3 Lg/min were usually
adequate, but doses up to 5 gg/min were used in one
patient who had only nonsustained episodes of ventric-
ular tachycardia (patient 3). Right and left ventricular
endocardial mapping was performed during ventricular
tachycardia. The location of mapping electrodes was
identified using biplanar fluoroscopy. Pace mapping
initiated during tachycardia at a cycle length 15 to 30
milliseconds shorter than the tachycardia cycle length
was also performed at potential ablation sites in four
patients.35 Pace mapping was performed using bipolarquadripolar or hexapolar electrode catheter (2-mm
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TABLE 1. Continued

Induced Ventricular Tachycardia

Cycle Length
Sustained/ Isoproterenol VA Site of

Nonsustained Induction Mode Facilitated Induction Baseline, ma lsoproterenol, ma QRS-H, ma Block Block
Sustained Incessant NA 450 10 + HA
Sustained RV-ES + 420 300 20 + HA

RV-RP

Nonsustained RV-ES + 320 215 26 + HA
LV-ES

Sustained RV-RP + 305 280 20 + HA
RA-RP

Sustained RV-ES NA 350 18 + VH
RV-RP

LV-RP
Sustained Incessant NA 310 5 - -
Sustained RV-ES + 275 210 10 + HA
Sustained RV-ES + 340 250 30 + HA

RV-RP

LV-RP

346 251 17

59 39 8

pacing between the distal pair of electrodes (2-mm
spacing) at a stimulus pulse width of 2 milliseconds.
Stimulus intensity was limited to approximately 0.5 to 1
mA greater than required for capture during tachycar-
dia in an effort to selectively capture a component of the
Purkinje fiber network. Twelve ECG leads were exam-
ined during pace mapping in two patients and six leads
in the other two patients.

Catheter Ablation
In patients 2 through 8, radiofrequency current (550

to 750 kHz) was delivered at 45 to 67 V between the
large-tip (4-mm) electrode on the left ventricular map-
ping catheter and two adhesive electrosurgical disper-
sive pads applied to the left posterior chest (Table 2).36
Root-mean-square voltage, current, and impedance
were monitored and recorded with the intracardiac
electrograms during ablation. Radiofrequency current
was applied during ventricular tachycardia for 60 sec-
onds or longer but was terminated immediately in the
event of an increase in impedance or displacement of
the catheter electrode. In the first patient, radiofre-
quency current was delivered at 46 V sequentially to
each of the eight standard electrodes on the octapolar
catheter at a single catheter position (Table 2).

After each application of radiofrequency current,
programmed ventricular stimulation was repeated with
and without the administration of isoproterenol. If
ventricular tachycardia was inducible, another applica-
tion of radiofrequency current was delivered after ad-
ditional mapping. The procedure was terminated when
ventricular tachycardia could not be induced for a
period of at least 30 minutes after ablation, including

programmed stimulation during isoproterenol adminis-
tration at a dose exceeding that required for induction
of tachycardia prior to ablation.

Postablation Management
Patients were monitored for 3 to 6 days after ablation.

A maximal treadmill exercise test and an isoproterenol
infusion test (1, 3, and 5 ,ug/min for 5 minutes at each
dose) were performed prior to discharge. Patients re-
ceived aspirin (325 mg/day) for 6 weeks. The patients
were followed by the investigators or their referring
physicians. A treadmill exercise test and 24-hour Holter
recording were obtained at first follow-up and at ap-
proximately yearly intervals. Electrophysiologic study
was performed 2 months after ablation in patient 1.
Patients 2 through 8 declined follow-up electrophysio-
logical study.

Statistical Analysis
Values are given as mean±SD. The significance of

differences between groups of electrophysiological pa-
rameters was assessed by the Student's t test.

Results
Electrophysiological Study
Monomorphic ventricular tachycardia with the same

right bundle branch block configuration and left-axis
deviation as the patient's spontaneous ventricular tachy-
cardia was induced by programmed ventricular stimula-
tion in six patients and was present incessantly in the
remaining two patients (Table 1). The ventricular tachy-
cardia was sustained in seven patients and nonsustained
in one patient. Isoproterenol was required for sustained
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TABLE 2. Results of Left Ventricular Endocardial Mapping, Pace Mapping, and Catheter Ablation

Radlofrequency Current

Patient Application Voltage, V Current, A Power, W Impedance, (1 Time, s

1 Electrode 1 46 0.17 7.8 270 30
Electrode 2 46 0.17 7.8 270 30
Electrode 3 46 0.17 7.8 270 30

*1 Electrode 4 46 0.17 7.8 270 30
site Electrode 5 46 0.17 7.8 270 30

Electrode 6 46 0.16 7.3 287 30
Electrode 7 46 0.16 7.3 287 30
Electrode 8 46 0.16 7.3 287 30

2 1 55 0.65 36 85 15
2 60 0.74 44 81 12
3 55 0.61 34 90 33

3 1 57 0.68 39 84 6
2 63 0.72 45 88 23
3 54 0.56 30 96 20

4 1 60 0.79 47 76 11
2 48 0.58 28 83 8
3 50 0.59 30 85 8
4 60 0.72 43 83 98

5 1 45 0.51 23 88 10
6 1 60 0.64 38 94 29
7 1 67 0.71 47 94 120
8 1 52 0.54 28 96 120
Mean 2.0 56 0.64 36 87 36
±SD 1.2 6 0.08 7 6 42

P-QRS indicates the interval between the onset of a P potential and the onset of QRS during ventricular tachycardia; V-QRS, the
interval between the onset of the local ventricular potential and the onset of QRS during ventricular tachycardia; Identical QRS (+),
pacing produced an identical QRS configuration to that of the ventricular tachycardia; S-QRS, the interval between the pacing stimulus
and the onset of QRS; VT, ventricular tachycardia; NA, not available; Results (+), a successful ablation; Result (-), an unsuccessful
ablation; mean±SD values in patients 2-8 in whom radiofrequency current was delivered through a large tip electrode.

*Radiofrequency current was delivered sequentially to each of the eight electrodes on an octapolar catheter (2-mm spacing) at one
catheter site in the left ventricle. tP and local ventricular potentials were fused, suggesting Purkinje-myocardial junction site (see Figs
3 and 8A).

tachycardia in three patients (patients 4, 7, and 8) and
facilitated the induction of tachycardia in all five pa-
tients tested (patients 2, 3, 4, 7, and 8). The mean cycle
length of the induced ventricular tachycardia in the
absence of isoproterenol was 346±59 milliseconds. Iso-
proterenol shortened the tachycardia cycle length by 25
to 120 milliseconds (median, 90 milliseconds) in each
patient tested (Table 1). One patient also had sustained
ventricular tachycardia induced by rapid atrial pacing
during isoproterenol infusion. Ventricular tachycardia
was terminated by burst ventricular pacing or catheter
manipulation-induced ventricular extrasystoles in all
eight patients. Nonclinical ventricular tachycardia,
which was electrocardiographically different from the
spontaneous ventricular tachycardia, was not induced in
any patient.
A His bundle potential was recorded during ventricular

tachycardia in all eight patients. The His bundle potential
followed the onset of the QRS complex by 5 to 30
milliseconds (mean, 17±8 milliseconds; Table 1). Ventric-

uloatrial block during the tachycardia was observed in
seven of the eight patients. The site of block was between
the His bundle and atrium in six patients. In one patient,
2:1 block occurred below the His bundle.

Endocardial Mapping
Right and left ventricular endocardial mapping dur-

ing ventricular tachycardia identified earliest ventricular
activation (15 to 20 milliseconds before the onset of the
QRS complex) at the posteroapical left ventricular
septum in all eight patients. In seven of the eight
patients, a high frequency potential with short duration
(P) preceded earliest ventricular activation (Fig 1). This
short, high-frequency potential also preceded ventricu-
lar activation during sinus rhythm, suggesting that the P
potential represents activation of a component of the
left posterior fascicle (Fig 2).37 In seven of the eight
patients, the P potential was recorded distinct from the
local ventricular potential in some areas and fusing with
the local ventricular potential in other areas, suggesting
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TABLE 2. Continued

Pace Mapping

P-QRS, me V-QRS, me Identical ORS S-QRS, ms Result Follow-up, mo VT Recurrence
20 10 + 20 + 67 No

10 8t NA 25 Yes

15 12t NA (1 month)

15 12t NA +

5 Ot NA 17 No

15 lit NA

20 8 NA +

14 7t NA 14 No

20 15t NA

25 18t + 25 -

40 12 + 40 +

30 12 + 30 + 7 No

26 7 + 26 + 3 No

30 12 NA + 3 No

42 10 NA + 1 No

spread through components of the left posterior fascicle
with multiple Purkinje-myocardial junctions. In the re-
maining patient (patient 2), the P potential was only
recorded fusing with the local ventricular potential (Fig
3). P potentials were recorded over a 2- to 3-cm2 area of
the posterior half of the left ventricular septum, one
fourth to one third of the distance from apex to base.

VI
P 4

LV

LV apex

This site, shown radiographically in Fig 4, is basal to the
site of earliest ventricular activation (Fig 1). The earliest
recorded P potential preceded the QRS by only 15 to 42
milliseconds (mean, 27±9 milliseconds) during ventric-
ular tachycardia (Table 2). During sinus rhythm, the P
potential preceded the QRS by 14 to 26 milliseconds
(mean, 20+4 milliseconds; Fig 2). Fractionated diastolic

FIG 1. Relationship between the sites of earliest
ventricular activation and earliest P potential during
ventricular tachycardia in patient 8. The earliest ven-
tricular activation was recorded from the distal pair of
electrodes (LVd) on a quadripolar electrode catheter
(2 mm-5 mm-2 mm interelectrode spacing) posi-
tioned against the inferoapical margin of the left ven-
tricular septum. The proximal pair of electrodes (LVp),
oriented basal to the distal electrodes, recorded the
earliest P potential (42 milliseconds before the onset of
the QRS complex). Note that the earliest P potential
was recorded distant from the site of earliest ventric-
ular activation. The distance between the centers of
the LVp and LVd recording dipoles is 7 mm.

2611
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Sinus Rhythm

11 - _

V1

RAA

HBp

HBd

LV

A A
a~-

H

RB

V

VT

H

RB

ILbv

Sinus Rt

A

HI
,A

potentials, similar to those recorded during ventricular
tachycardia associated with prior myocardial infarction,
were not recorded in any patient.1013,35 Pacing at sites
recording the earliest P potential during ventricular
tachycardia (performed in four patients) produced a

II

Vi

HBp

FIG 2. P potentials recorded during ventricular tachycardia
and sinus rhythm at the successful ablation site in patients 6
(upper panels) and 3 (lower panels). Electrode positions for
patient 6 are shown in Fig 4. During ventricular tachycardia
(left panels), a discrete potential (P) was recorded preceding
ventricular activation from the left ventricular septum (LV).
The left upper panel shows early retrograde conduction to
the His bundle (QRS-H, 5 milliseconds), followed by ante-
grade activation of the proximal right bundle branch (RB).
During sinus rhythm (right panels), recordings from the left
ventricular electrogram at the same site demonstrate a

distinct potential (P), which was recorded after the His
iythm bundle potential (H) and before the onset of the QRS

complex, consistent with activation of a distal component of
the left bundle branch system. A indicates atrial potential; V,

_ / ventricular activation; and VT, ventricular tachycardia.

1 1msaA
1 00 msec

similar QRS configuration to that of the ventricular
tachycardia. However, a similar QRS configuration was
also obtained by pacing at nearby sites that recorded
later P potentials (Fig 5). The interval between the
pacing stimulus and the onset of the QRS was identical

FIG 3. Recordings at the successful ablation site in patient
2. The left ventricular electrodes were positioned at the site
of earliest ventricular activation during ventricular tachycar-
dia. A high frequency potential, probably a P potential, is
recorded fusing with the earliest ventricular potential, sug-
gesting a Purkinje-myocardial junction site.

1,,,,,,,,,1
100 msec

VT

-1
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FIG 4. Radiographs in the right ante-
rior oblique projection (A) and left an-
terior oblique projection (B) showing
the location of the left ventricular cath-
eter (LV) at the ablation site in patient 6.
The large-tip electrode is positioned at
the posterior left ventricular septum,
one third of the distance from apex to
base. The other five catheters were
located near the right atrial appendage
(RAA), His bundle region (HB), coro-
nary sinus (CS), right ventricular apex
(RV-A), and right ventricular posterior
septum (RV-PS), and electrograms are
shown in the upper panels of Fig 2.

to the interval between the P potential and the onset of
the QRS during ventricular tachycardia for each site
(Fig 5 and Table 2).

Catheter Ablation
Radiofrequency current was delivered at sites record-

ing the P potential preceding ventricular activation
during ventricular tachycardia (Fig 6). This terminated
the ventricular tachycardia and prevented its reinduc-
tion by programmed stimulation in the baseline state
and during isoproterenol administration in all eight
patients (Table 2). In five patients, ventricular tachycar-
dia was eliminated by a single application of energy
(patients 5 through 8) or the application at a single
catheter position (patient 1). In the other three patients
(patients 2 through 4), elimination of tachycardia was
required three or four applications of energy. For all

patients except patient 2, ablation was successful at the
site of the earliest recorded P potential, distinct from
the local ventricular potential. In patients 3 and 4 and in
the first two applications of energy in patient 2, radio-
frequency current delivered to sites of fusion between
the P potential and local ventricular potential (presum-
ably representing Purkinje-myocardial junctions) were
unsuccessful (Table 2). For all eight patients, the timing
of ventricular activation before the QRS complex during
ventricular tachycardia was not significantly different
between successful and unsuccessful ablation sites (V-
QRS interval, 10±2 milliseconds versus 10±5 millisec-
onds, respectively; Fig 7 and Table 2). In contrast, the P
potential was recorded significantly earlier at successful
ablation sites than at unsuccessful ablation sites (P-QRS
interval, 27±9 milliseconds versus 14±6 milliseconds;
P<.01; Fig 7), even though the timing of ventricular
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FIG 5. Pace mapping during
tachycardia produced a QRS
complex similar to the tachy-
cardia QRS complex at the
successful ablation site (A and
B) and at a site approximately
1.5 cm distant (C through E), in
patient 5. A, During tachycar-
dia, the earliest P potential pre-
ceded the QRS (P-QRS) by 30
milliseconds. B, Pace mapping
at that site produced a similar
QRS complex with an interval
between the pacing stimulus
and QRS (S-QRS) of 30 milli-
seconds, equal to the P-QRS
interval during tachycardia. C,
AP potential was also recorded
at a site 1.5 cm apical to the site
in A, but the P potential was
recorded later with P-QRS=18
milliseconds. D, Pace mapping
at this site produced a similar
QRS to the tachycardia with
S-QRS interval=18 millisec-
onds, identical to the P-QRS
interval during tachycardia. E,
During sinus rhythm at this site,
a P potential was recorded pre-
ceding ventricular activation,
indicating the P potential re-
sulted from activation of a seg-
ment of the Purkinje system.
Ablation at the panel C record-
ing site was not attempted. Ab-
lation at the panel A recording
site eliminated the tachycardia
with a single application of ra-
diofrequency current (Fig 6). S
indicates pacing stimulus.

activation may have been later (Fig 8). The sites of
successful application of radiofrequency current in all
eight patients were located at the posterior half of the
left ventricular septum, one fourth to one third of the
way from apex to base, as illustrated in Fig 9. The QRS
complex during sinus rhythm was not altered by ablation
in seven of the eight patients. In one patient (patient 6),
the single application of radiofrequency current re-
sulted in a 170 rightward shift in frontal plane axis.

Follow-up
Patients have been followed for 1 to 67 months

(median, 10.5 months) without antiarrhythmic medica-
tions (Table 2). Ventricular tachycardia recurred at 1
month in the single patient (patient 2) in whom radio-
frequency current was delivered to a site recording a
late P potential fusing with the earliest ventricular
potential (Fig 3) as opposed to the remaining seven
patients, where the final application of energy was
delivered to a site recording an earlier P potential
isolated from the local ventricular potential (Figs 1, 2, 5,

and 8). She was treated with verapamil and has had no
further recurrences of ventricular tachycardia in the
subsequent 24 months. Prior to ablation, this patient
had frequent episodes of tachycardia during verapamil
therapy. The remaining seven patients have had no
recurrence of ventricular tachycardia in the absence of
antiarrhythmic medications (Table 2).

Complications
Complications occurred in only a single patient (pa-

tient 2). During left ventricular mapping, the catheter
tip became trapped in a chorda of the mitral leaflet
close to the papillary muscle. Gentle maneuvering of
the catheter for 60 minutes failed to free the catheter. A
transesophageal echocardiogram was obtained and
demonstrated 1+ mitral regurgitation. The catheter was
then gently withdrawn and pulled out a single chorda
with a small piece of the papillary muscle. Examination
of the catheter and tissue showed that the tip of the
catheter was caught in a snare formed by the chorda
that had two closely adjacent attachments to the papil-
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II

V1

HBd

RV 4 4 4 1 A 4 -

0.51 Amp
Current

45 Volts
Voltage

1 sec

FIG 6. Recordings during catheter ablation in patient 5. The bottom two tracings indicate the current and voltage output
from the radiofrequency generator. Radiofrequency current (45 V, 0.51 A, 23 W) was applied to the large-tip electrode on
the ablation catheter that recorded the earliest P potential during ventricular tachycardia (Fig 5A). Tachycardia was
terminated immediately after the onset of the application of energy.

P- QRS interval

V - QRS interval

P = N.S.
msec
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P< 0.01
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a

0
-

a

a

Success Unsuccess
FIG 7. Comparison of electrogram intervals at suc-
cessful and unsuccessful ablation sites. The interval
between the local ventricular potential and the onset of
the QRS complex (V-QRS interval) during ventricular
tachycardia is shown in the left panel, and the interval
between the P potential and the onset of QRS (P-QRS
interval) is shown in the right panel. The timing of P
potential was significantly earlier at successful ablation
sites, but there was no significant difference in the
timing of local ventricular potential between successful
and unsuccessful ablation sites.

lary muscle. Immediately after the removal of the
catheter the transesophageal echocardiogram showed
2+ mitral regurgitation, and the flail end of the torn
chorda, and a left ventriculogram demonstrated 1 to 2+
mitral regurgitation. A Swan-Ganz catheter was in-
serted through one of the right femoral venous sheaths.
The mean pulmonary artery pressure was 18 mm Hg,
and the mean pulmonary artery capillary wedge pres-
sure was 12 mm Hg. The patient described no dyspnea.
At 25 months, the patient has no symptoms resulting
from the mitral regurgitation. A Doppler echocardio-
gram obtained at 21 months after ablation showed mild
mitral regurgitation with left ventricular diastolic di-
mension of 50 mm and left atrial diameter of 38 mm,
which are unchanged from preablation values (51 mm
and 40 mm, respectively).
Transesophageal echocardiography 18 to 48 hours

after ablation in the other seven patients showed no
intracardiac thrombus or pericardial effusion in any
patient. There were no late complications.

Discussion
In this unique form of ventricular tachycardia, which

occurs in patients without structural heart disease, the
presence of early retrograde His bundle activation
combined with a QRS morphology simulating right
bundle branch block and left anterior fascicular block
have suggested the tachycardia originates from the
Purkinje fiber network of the left posterior fasci-
cle.202223,25 A number of observations in this study
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FIG 8. Comparison of electrograms between successful and unsuccessful ablation sites in patient 4. In A (recorded
before the third application of radiofrequency current), the left ventricular electrogram shows a P potential preceding the
QRS by 25 milliseconds that fuses with the local ventricular potential (V). This was the earliest ventricular potential
recorded during mapping and preceded the QRS by 18 milliseconds. Ablation at this site was unsuccessful. In B
(recorded before the forth application of radiofrequency current), the left ventricular electrogram recorded the earliest P
potential (P-QRS, 40 milliseconds). Ablation at this site was successful, even though the timing of the local ventricular
potential was later than in A (V-QRS, 12 milliseconds).

support this hypothesis. Most important, high-frequency
potentials (P potentials) were recorded preceding ear-
liest ventricular activation during tachycardia in all eight
patients studied (Figs 1 through 3, 5, and 8). These
short-duration, high-frequency potentials preceded ven-
tricular activation during sinus rhythm, indicating the
potentials resulted from the activation of a segment of
the left bundle branch system (Fig 2).37 In seven of the
eight patients, P potentials were recorded over a 2- to
3-cm2 area with the P potential isolated from the local
ventricular potential at some sites and fused with an
early ventricular potential at other sites (possibly a
Purkinje-myocardial junction). The earliest P potential
was often located more than 1 cm from the site of
earliest ventricular activation. Whereas ablation at the
site recording the earliest P potential (isolated from the
ventricular potential) was uniformly successful, ablation
at the site of earliest ventricular activation (with P-V
fusion) was either acutely unsuccessful (Fig 8A) or was
associated with the only late recurrence of tachycardia
in the study population (Fig 3 and Table 2). These
observations suggest that the tissue generating the

RAO Projection LAO Projection

FIG 9. Schematic representation of the left ventricle (LV)
as viewed fluoroscopically in the right anterior oblique
(RAO) and left anterior oblique (LAO) projections, show-
ing the sites of successful ablation (circles) in all eight
patients.

tachycardia is confined to the Purkinje system, which is
insulated from the underlying ventricular myocardium.
The ventricular myocardium may be activated as a
bystander, through one or more Purkinje-myocardial
junctions. Propagation of the ventricular impulse from
the Purkinje-myocardial junction to the myocardium
beneath the tissue generating the earliest P potential
may account for the later timing of the local ventricular
potential at the successful ablation site.

Pacing during tachycardia at the site recording the
earliestP potential resulted in a QRS complex similar to
the tachycardia complex, with the interval between the
pacing stimulus and onset of the QRS complex (S-QRS)
identical to the interval between the P potential and
QRS complex during tachycardia (P-QRS). However,
pacing at nearby sites with later P potentials also
produced a similar QRS complex with S-QRS interval
equal to the P-QRS interval during tachycardia at that
site (Fig 5), suggesting the pacing stimuli were capturing
the Purkinje network and then secondarily activating
the ventricle at the same sites at which the ventricle is
activated during tachycardia. Therefore, pace mapping
may have limited value in selecting an ablation site in
these patients and was not used in the last two patients
of this study. This is in contrast to patients with idio-
pathic ventricular tachycardia originating in the right
ventricular outflow tract where pace mapping is usually
required to locate the successful ablation site.14-18
These observations suggest that ablation should be

directed at the site recording the earliest P potential
during tachycardia, since this potential represents acti-
vation of a segment of the Purkinje system which is
relatively close to the tissue generating the tachycardia.
Ideally, ablation should be directed at sites with isolated
P potentials preceding the QRS complex by 30 to 40
milliseconds. Using this approach allowed the last four
patients in this study to undergo successful ablation by a
single application of radiofrequency current.
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