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Aims To examine the initiating mode of Torsade de Pointes (TdP) in patients with
congenital long QT syndrome (LQTS).

Methods and results We evaluated 111 episodes of TdP recorded on the electrocar-
diograms of 24 patients with congenital LQTS, and clarified the initiating mode, the
three consecutive preceding RR intervals defined as C;, C,, and g, the timing of ini-
tiating premature ventricular contraction (PVC) and the cycle length (CL) of TdP.
Three different initiating patterns were observed: (1) a "‘short-long-short’’ sequence
(SL.S) pattern (23 patients, 72 TdP, 65%) defined as one or more short—long cardiac
cycles followed by an initiating short-coupled PYC (C; > C; and Gp), (2) an "“increased
sinus rate’’ (ISR) pattern (8 patients, 28 TdP, 25%) defined as a gradual increase in
sinus rate with or without T-wave alternans (C; 2 €y = Cg), and (3} a "'changed depo-
larization™' (CD) pattern (5 patients, 11 TdP, 10%) defined as a sudden long-coupled
PVC or fusion beat followed by short-coupled PVC. The C, was shorter in ISR than
SLS and CD (mean Cg: 488 vs. 587 and 603 ms, respectively; P < 0.05). Therefore,
the initiating PYC appeared near the T-wave peak of the last beat before onset in
ISR, while it occurred after the T-wave peak in SLS and CB. The CL of TdP was shorter
in 1SR than in SLS (256 vs. 295 ms, P < 0.05).

Conclusions Our data show the existence of three predominant initiating modes of
TdP in patients with congenital LQTS and suggests a differential mechanism of initi-
ation of TdP for each mode.

© 2004 The European Society of Cardiology. Published by Elsevier Ltd. All rights
reserved.
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long QT syndrome (LQTS), which sometimes degenerates
into ventricular fibrillation and results in sudden cardiac
death.?~®

Previous experimental observations suggest several
hypotheses about the mechanism responsible for TdP.
TdP is proposed to arise from premature ventricular con-
traction (PVC) due to triggered activity, especially early
after depolarization (EAD) and to be perpetuated by a re-
entrant mechanism as a result of the increased disper-
sion of repolarization.”®

In the clinic, some reports have described a typical
mode of onset of TdP in patients with acquired LQTS as
a ""short-long-short sequence’’ (SLS), a so-called 'pause
dependent’’ phenomenon, which shows RR interval oscil -
lations. With regard to the initiating mode of TdP in pa-
tients with congenital LQTS, Viskin et al.,’ suggested
that SLS plays a major role in the genesis of TdP. How-
ever, data from the Registry of LQTS shows that SLS oc-
curs as the mode of onset in half of all patients with
congenital |QTS."°

The present study was designed to classify the initiat-
ing mode of TdP, the timing of the initiating PVC, and the
cycle length (CL) of TdP in patients with congenital LQTS
at a single centre.

Methods
Patient characteristics

We reviewed the medical records of consecutive 24 patients af-
fected with congenital LQTS in whom one or more episodes of
TdP were recorded at the National Cardiovascular Center, Suita,
Japan. They were composed of 4 males and 20 females ranging in
age from 1 to 60 years (mean of 28 + 17 years). All patients had a
history of syncope and were diagnosed with congenital LQTS
based on the diagnostic criteria of Schwartz et al (score =4)."

Definition of arrhythmia and analysis parameters

TdP was defined as a polymorphic ventricular tachycardia con-
sisting of more than five consecutive beats during which the
peaks of QRS complexes twisted above and below the isoelectric
line.*? Measurements were taken from Holter electrocardio-
grams, or monitoring electrocardiograms which detected the
onset of TdP. We defined the three consecutive preceding RR
intervals before the onset of TdP as (;, €,, and {g; €; = the sec-
ond preceding RR interval before onset, C, = the first preceding
RR interval before onset, Cp = the coupling interval of the initi-
ating PVC. The CL of TdP was calculated by averaging 10 beats
of TdP. When the TdP did not last more than 10 beats, all of
the beats were averaged. The QT intervals were measured by
the tangential method, and hifurcated T-waves and pathological
U waves were included as part of the measurements of QT
intervals. If the initiating PVC appeared before the peak of the
T-wave s0 that we could not measure the QT intervals, the pre-
vious QT intervals were referred to. The values of the absolute
QT intervals {QTe) and the preceding RR intervals that could be
precisely measured were used for the analysis. The Q-T peak
interval (QTp) was defined as the interval between the QRS on-
set and the peak of the T-wave at the last beat before the onset
of TdP. The corrected QT interval (QTc) was defined as the QT
interval divided by the square root of the preceding RR intervals.

We evaluated the initiating mode of TdP on the basis of the
relationship between the preceding RR intervals {C;, C,, and Cq),
the timing of initiating PYC, and the Cl. of TdP.

Classification of the inijtiation mode of TdP

The initiating mode of TdP was classified into three different
patterns: an SLS pattern, an '"increased sinus rate'’ (ISR) pat-
tern and a ""changed depolarization’® (CD) pattern. The SLS pat-
tern was defined as one or more short—long cardiac cycles
followed by an initiating short-coupled PVC, and the relationship
between the three consecutive preceding RR intervals was
C: > C; and G,. Fig. 1{a) shows that a PVC led to a post-extrasy-
stolic pause (C; =920 ms), which changed the QTU of the follow-
ing beat and culminated in TdP. The preceding RR intervals of
TdP fulfilled the criteria of C; (920 ms) > C; (540 ms) and g
(580 ms). The ISR pattern was defined as a gradual increase in
the sinus rate with or without T-wave alternans, and the rela-
tionship between the preceding RR intervals was C; = €y 2 Co.
Fig. 2(a) illustrates a gradual increase in the sinus rate with T-
wave alternans resulting in TdP. The preceding RR intervals of
TdP fulfilled the criteria for C; (520 ms} = Cy (520 ms) 2 (g
{360 ms}. The CD pattern was defined as a sudden long-coupled
PYC or fusion beat followed by a short-coupled PVC, and the
relationship between the preceding RR intervals was
C, 2 C; > (y. This pattern was different from the SLS pattern,
in that the last beat before the onset of TdP was PVC or a fusion
beat, and resulted in a change of repolarization (QT interval) of
the last beat.' Fig, 3{a) represents a sudden long-coupled PVC
as the last preceding beat of TdP, resulting in marked QT prolon-
gation and subsequent TdP. The preceding RR intervals of TdP
fulfilled the criteria for C; (820 ms) = C, (760 ms) > Cy (560 ms}).

Statistical analysis

We took possible correlations between a patient’s different epi-
sades into account, Therefore, when a patient had more than
two episodes with the same initiation mode, we adopted mean
values of the parameters in all episodes of each mode as a repre-
sentation of each patient, and performed statistical analyses
using these values. Continuous variables were expressed as the

(msec)

Fig. 1 The '‘short-long-short sequence’’ (SLS) pattern as an initiating
mode of Torsade de Pointes (TdP). (a) The menitoring electrocardiogram
shows that TdP is induced by the short-long cardiac cycles followed by an
initiating short-coupled premature ventricular contraction {PVC). The
relationship between the 3 consecutive preceding RR intervals fulfitls the
criteria for €y (920 ms) > C; (540 ms) and Cp (580 ms). (b} The initiating
PVC appears after the T-wave peak of the last beat before the onset of
TdP.
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Fig. 4 Comparison of the values of the subtraction of Q-T peak intervals (QTp) from Cg at the last beat before the onset of Torsade de pointes (TdP) (a)
and the cycle length {CL) of TdP {b) between the short-long-short sequence’* (SLS), *'Increased sinus rate'’ {(I1SR), and "'changed depolarization™ (CD)
patterns. The Cp-QTp values were significantly smaller in the ISR pattern than in the 5LS pattern. The CL of TdP was alsa significantly shorter in the ISR

pattern than in the SLS pattern,

coupled PYC or fusion beats and was only observed in five
patients on p-blockers. We speculate that beta-blocker-
induced sinus bradycardia may produce long-coupled
PVC or fusion beats, leading to TdP in the CD pattern,
and this mechanism may be different from that in the
SLS pattern.

Possible mechanisms of TdP in the three
initiating patterns

Previous experimental observations suggested that the
initiating PVC of TdP is due to triggered activity arising
from phase 2 or phase 3 EADs.'*~'® Clinical observations
using monophasic action potential recordings indicated
phase 3 EADs during the SLS sequence as a mechanism
responsible for initiating PVC of TdP.'"~# Burashnikov
et al., suggested that phase 2 EADs were predominantly
induced during a transient acceleration of the pacing
rate, but that phase 3 EADs developed as the rate of stim-
ulation was slowed.?® The present study showed that the
coupling interval of initiating PVC of TdP was significantly
shorter in the ISR pattern than in the SLS pattern. There-
fore, it is reasonable that the initiating PYC of TdP is re-
lated to phase 2 EADs in the 1SR pattern and phase 3 EADs
in the SLS pattern. On the other hand, experimental stud-
ies employing whole heart?*=2® and arterially perfused
wedge preparations?’~2° presented evidence in support
of the hypothesis that TdP is maintained by a re-entrant
mechanism. El-Sherif and co-workers used tridimensional
analysis of the kinetics of cardiac repolarization and
showed that an increased transmural dispersion of repo-
larization (TDR), due to a more prominent prolongation

of local repolarization in M regions than in epicardial or
endocardial regions, resulted in functional block and slow
conduction. This leads to re-entry in the "'SLS"” initiating
pattern of TdP. #*%5 Shimizu et al., used LQTS models
employing wedges and also showed that the increase in
TDR was mainly due to the prolongation of action poten-
tial duration (APD) of M cells in the initiation of TdP asso-
ciated with the '"SLS’’ pattern.?”'28 They also found that
the large fluctuations of TDR were mainly due to the oscil-
tation of APD in the M regions during T-wave alternans,
which were induced by an abrupt acceleration in rate sim-
ilar to the "ISR’' pattern, and were associated with the
induction of TdP.?® Based on these cbservations, we be-
lieve that TdP is at least maintained by a re-entrant
mechanism resulting from increased TOR of the two initi-
ating modes of the SLS and ISR patterns. On the other
hand, these experimental studies using whole heart®®
and perfused wedge preparations?” also showed that the
initiating PVC due to triggered activity is not always re-
quired for the initiation of TdP. In other words, TdP
may occur as a result of large fluctuations in the transmu-
ral and spatial dispersion of repolarization of the preced-
ing beat, leading to local functional block and circulating
wave fronts inducing the first re-entrant excitation at the
fast pacing rate similar to the **ISR’* initiation pattern.
Costard—Jackle et al., reported that the short-term
change in ventricular activation did not allow for the
accurate adaptation of ventricular APD. It produced a
dispersion of repolarization, leading to TdP.’® Kurita
et al.,"? also reported that a sudden change in the depo-
larization pattern was related to marked QT prolongation
and the induction of TdP in a patient with a pacemaker
implantation. These observations could explain a possi-
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ble mechanism of TdP seen in the CD pattern. The
change in the depolarization pattern of the last beat be-
fore the onset of TdP (i.e., PVC or fusion beat) resulted
in the increased dispersion of repolarization, thus possi-
bly leading to TdP due to a re-entrant mechanism.

Limitations

Our study included two 60-year-old patients, in whom
their arrhythmias might be polymorphic ventricular
arrhythmias rather than TdP. However, we believe that
the episodes of our patients were due to TdP because
these two patients had QT prolongation and prior epi-
sodes of syncope suggesting TdP in their young age. In
addition, all patients showed no structural heart disease
in their echocardiogram and no ischaemic ST changes
during exercise testing.

We adopted mean values of the parameters in all epi-
sodes of each mode as a representation of each patient.
When a patient has episodes in different initiation
modes, the underlying assumption of independence is
violated, However, it is clinically important to report
the fact that the different initiating patterns exist in
the same patient. Therefore, we performed the statisti-
cal analyses using these values.
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Ventricular Tachycardia with Figure Eight Pattern
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NODA, T., ET AL.: Ventricular Tachycardia with Figure Eight Pattern Originating From the Right Ventricle
in A Patient with Cardiac Sarcoidosis. This case report describes VT with figure eight pattern originating
from the right ventricle in a 33-year-old patient with cardiac sarcoidosis. Multiple radiofrequency linear
ablation could abolish the VT, and this patient has been clinically free from symptoms of VT during a

6-month follow-up. (PACE 2004; 27:561-562}

veniricular tachycardia, sarcoidosis, CARTO, ablation

Case Report

A 33-year-old man was referred to the hospital
for recurrent episodes of ventricular tachycardia
(VT). He had a history of admission to another hos-
pital due to swelling of the bilateral hilar lymph
nodes on chest X ray, and sarcoidosis was diag-
nosed by a transbronchial lung biopsy confirm-
ing noncaseating granulomatosis. His standard
12-lead electrocardiogram, during sinus rhythm,
showed no significant changes but only inverted
T waves in leads V; and V,. The cardiac echocar-
diograms revealed the right ventricular (RV) di-
latation and the reduction of the RV wall motion,
but neither hypokinesia of the left ventricle (LV)
nor the thinning of the basal LV wall. His coro-
nary angiogram was normal, and the left ventricu-
logram showed normokinesis. Hematological and
serological examinations were within the normal
limit except for a slightly high serum angiotensin
converting enzyme value (21.9 IU/L) and his gal-
lium scintigraphy indicated no abnormal uptake in
the myocardium. The further examination of the
RV endomyocardial biopsy indicated epithelioid
histiocytes suggesting as a part of noncaseating
granulomatosis but no fatty degeneration. He was
diagnosed cardiac sarcoidosis based on these find-
ings and underwent electrophysiological study
with a three-dimensional electroanatomic map-
ping system (CARTO, Biosense Webster, Johnson
& Johnson, Diamend Bar, CA, USA). During si-
nus rhythm, the RV activation map by CARTO
showed multiple delayed potentials in the antero-
lateral wall of the RV, and the RV bipolar voltage
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map indicated the diffuse area of extremely re-
duced voltage values (bipolar voltage amplitude
<0,5 mV), so called scar area, in the anterolateral
wall of the RV. Programmed electrical stimulation
{(PES) was performed from the RV apical site, and
VT was induced by triple extrastimuli. Manifest
entrainment was confirmed by a series of stim-
uli delivered from this site. This VT was the same
morphology as the clinical VT (left bundle branch
block morphology with a inferior QRS-axis devi-
ation) and was hemodynamically well tolerated
(Fig. 1A). The RV activation map during the VT
represented a figure eight pattern revolving around
the scar area and the pulmonary annulus (PA]
(Fig 1. B-D). This circuit involved a critical isth-
mus between the scar area and the PA. The to-
tal activation time of the VT by CARTO fulfilled
>90% of the VT cycle length. The macroreentrant
VT with figure eight pattern in the RV was sug-
gested, and radiofrequency catheter linear abla-
tion was performed during the VT in the attempt
to transect the critical isthmus between the scar
area and the PA. The first linear lesion was created
in the critical isthmus resulting the interruption
of the VT (Fig. 1E). Then, the second liner lesion,
during sinus rhythm, was created in the anatomic
isthmus between the scar area and the tricuspid
annulus (TA) to avoid a new VT associated with
this isthmus (Fig. 1F). After the completion of the
two linear lesions, scar-PA and scar-TA, PES could
not induce the VT at all.

He has been clinically free from symptoms of
VT during the 6-month follow-up.

Discussion

Sarcoidosis is systemic granulomatous disor-
der including heart. The LV wall-motion abnor-
mality and the thinning of the basal LV wall are
common features of the cardiac sarcoidosis.! How-
ever, a case of cardiac sarcoidosis mimicking RV
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Figure 1, (A) Twelve-lead electrocardiogram during the induced veniricular tachycardia (VT). The induced VT showed
the same morphology of the clinical VT (left bundle branch block morphology with a inferior QRS-axis deviation),
and the cycle length of the VT was 290 ms. (B} The cranial right posterior oblique view of the right ventricular (RV}
activation map during the VT by CARTO. The RV activation map during the VT represented a figure eight pattern.
Note the total activation time of the VT by CARTO fulfilled > 90% of the VT cycle length. Gray areas represent scar
{bipolar voltage amplitude <0.5 mV). {c) The cranial posteroanterior view of the RV activation map during the VT by
CARTQO. The VT revolved around the pulmonary annulus (PA). (D) The cranial right anterior oblique view of the RV
activation map during the VT by CARTO. The VT revolved around the scar area. (E} The location of the first linear
lesion. The first linear lesion created in the critical isthmus between the scar area and the PA was shown in the cranial
right anterior oblique view of the RV activation map. Red dots indicate radiofrequency applications. {F} The location
of the second linear lesion. The second linear lesion created in the anatomic isthmus between the scar area and the
tricuspid annulus during sinus rhythm was shown in the right oblique view of the RV activation map.

dysplasia was recently reported.? Clinical mani- clinical manifestation of cardiac sarcoidosis. The

festations of cardiac sarcoidosis also include ven- electrophysiological study using CARTQ showed

tricular arrhythmias leading to sudden death.? In that the macroreentrant VT with a figure eight pat-

the present case, it was indicated that the RV di- tern in the RV and radiofrequency linear ablation

latation and the reduction of the RV wall motion was performed with CARTO to transect the two

but neither hypokinesia of the LV nor the thin- isthmi, scar-PA and scar-TA, leading to abolish-

ning of the basal LV wall, and the VT was the first ment of VTs.
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