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CASE REPORTS

Monophasic action potentials in a patient with
multiform ventricular tachycardia without QT
prolongation
Tetsuro Emori, Tohru Ohe, Katsuro Shimomura

Abstract
A 41 year old woman had multiform ventricular tachycardia without QT prolongation. Monophasic action potentials
were recorded from the right ventricle
during the attacks of multiform ventricular tachycardia and effective refractory
periods were examined at the same sites.
There was no abnormal hump to suggest
early afterdepolarisation in the monophasic action potentials, but there was
dispersion of the effective refractory
period in the right ventricle (80 ms).
Stimulation from the right ventricular
apex, where the effective refractory period was shortest, reproducibly induced
multiform ventricular tachycardia. Two
weeks after admission, when her condition was stable, multiform ventricular
tachycardia could not be induced and the
dispersion of the effective refractory
period in the right ventricle was 20 ms.

In 1990 she was readmitted after several
episodes of syncope. On this admission, multiform ventricular tachycardia was often
recorded after R on T type ventricular
extrasystoles (fig 1 A and B). The electrocardiograms showed no ST change suggesting
ischaemia and the QT interval was normal
(the QT interval in lead II was 0 36 s and the
QTc interval was 0 44 s) (fig 1 C). The QRS
configuration of the ventricular extrasystole
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Multiform ventricular tachycardia can be
divided into two types according to the presence or absence of QT prolongation.
Multiform ventricular tachycardia with QT
prolongation is usually called torsades de
pointes.' Many investigators have emphasised
the role of a repolarisation abnormality in torsades de pointes.'3 However, the role of a
repolarisation abnormality in multiform ventricular tachycardia without QT prolongation
is unknown.
We report a patient with multiform ventricular tachycardia without QT prolongation.
Monophasic action potentials were recorded
from the right ventricle during the attacks of
multiform ventricular tachycardia but showed
no repolarisation abnormality. There was dispersion of the effective refractory period in
the right ventricle caused by local shortening.
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Case report
A 41 year old woman with a history of several
syncopal attacks was admitted to our hospital
in 1980. The only abnormality detected was
R on T type ventricular extrasystoles. The
cause of the syncopal attacks was not discovered and she was followed up as an outpatient
for 10 years without syncopal attacks.
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Figure 1 Tracings A and B are from monitor leads. (A)
The cardiac rhythm shows bigeminy of ventricular
extrasystoles with short coupling intervals. (B) Nonsustained multiform ventricular tachycardia occurred after
the ventricular extrasystoles. (C) The electrocardiogram on
admission did not indicate QTprolongation (the QT
interval in lead II was 0-36 s and the QTc interval was
0 44 s) or ST changes suggesting ischaemia.

left bundle branch block with left axis
deviation. Blood tests were normal except for
hypokalaemia (3X2 mmol/l). Monophasic
action potentials were recorded to evaluate a
repolarisation abnormality during the attacks
of multiform ventricular tachycardia. Monophasic action potentials were recorded at the
right ventricular apex, the right ventricular
free wall, and the right ventricular septum
during atrial pacing at a cycle length of
500 ms. Effective refractory periods were
examined at the same sites at a basic cycle
length of 500 ms. There was no abnormal
hump in the monophasic action potential to
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Figure 2 Monophasic action potentials obtained from the right ventricle. All recordings
were obtained during atrial pacing at a cycle length of 500 ms. The QT interval in lead
VS was 325 ms on admission and 330 ms in the follow up study 2 weeks after admission.
No abnormal hump indicating early afterdepolarisation was seen in any recording.
However, the monophasic action potential duration and the effective refractory period at
the right ventricular apex were shorter than those of the free wall or the midseptum on
admission and there was dispersion of the effective refractory period in the right ventricle
(80 ms). Two weeks later the dispersion of the effective refractory period had decreased to
20 ms. RV, right ventricular; MAPD monophasic action potential duration at 90% of
the amplitude; ERP, effective refractory period.
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early afterdepolarisation at any site
(fig 2). Figure 2 shows the individual values
of the monophasic action potential duration
(the monophasic action potential duration at
90% of the amplitude was used), the effective
refractory period at each site, and the QT
interval in lead V5. The dispersion of the
effective refractory period (maximum effective refractory period minus minimum effective refractory period) in the right ventricle
was 80 ms. A single paired extrastimulus
from the right ventricular apex reproducibly
induced multiform ventricular tachycardia.
Multiform ventricular tachycardia could not
be induced from the right ventricular free
wall or the right ventricular septum, even by
triple paired extrastimuli. Treatment with
disopyramide infusion and potassium supplementation was started. Multiform ventricular
tachycardia and the ventricular extrasystoles
disappeared two days after admission.
Echocardiography, myocardial scintigraphy,
magnetic resonance imaging, and signal averaged electrocardiograms were normal.
Neither multiform ventricular tachycardia nor
abnormal QT prolongation could be induced
by exercise testing or isoprenaline (isoproterenol) infusion. Electrophysiological study
was repeated two weeks after admission,
when the serum potassium concentration was
normal (4 0 mmol/l). Disopyramide was
stopped for three days before the study.
Multiform ventricular tachycardia was not
induced by stimulation at the right ventricular
apex. The dispersion of the effective refractory period decreased from 80 ms to 20 ms (fig
2). Figure 2 shows the individual values of
the monophasic action potential duration, the
effective refractory period at each site, and
the QT interval in lead V5.
suggest

Discussion
A repolarisation abnormality is regarded as an
important cause of multiform ventricular
tachycardia with QT prolongation. Early
afterdepolarisations are especially important
in the genesis of this arrhythmia.G6
Monophasic action potentials were useful in
the evaluation of a repolarisation abnormality,7 and early afterdepolarisations were
recorded in patients with torsades de pointes
associated with antiarrhythmic drugs,8 bradycardia,9"10 and congenital long QT syndrome." 12 There have been no reports,
however, on monophasic action potentials in
patients with multiform ventricular tachycardia without QT prolongation. In the present
study we were able to record monophasic
action potentials during both the acute phase
and the stable period, but we did not detect
an abnormal hump in the monophasic action
potentials that suggested early afterdepolarisations.

Kuo et al induced dispersion of the
monophasic action potential durations in the
ventricle (they defined "dispersion" as differences in the durations of monophasic action
potentials in different portions of the ventricles) by a combination of general hypother-
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this patient on admission is not certain. Acute
myocardial ischaemia is known to shorten
regional repolarisation,'4 and ischaemic heart
disease is reported to be associated with multiform ventricular tachycardia without QT
prolongation' 1516; but no ST change suggesting ischaemia was found on the electrocardiogram.
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mia and selective coronary artery perfusion
with warm blood in anaesthetised dogs and
they also induced ventricular fibrillation during stimulation at the site with the shortest
monophasic action potential duration.'3 In
this experiment dispersion of repolarisation
was caused by shortening of the monophasic
action potential duration in the selectively
perfused area and its prolongation in the nonperfused area. Ventricular fibrillation was
induced from only the area at which the
monophasic action potential duration was
short. They assumed that when the increase
in dispersion of repolarisation reached a critical level, propagation of extrasystoles originating from the area with a short monophasic
action potential duration encountered a block
in the area with a long monophasic action
potential duration and created conditions
favourable for reentry.
Similarly, multiform ventricular tachycardia could be induced reproducibly in the present patient by stimulation at the right
ventricular apex, where on admission the
monophasic action potential duration and the
effective refractory period were shortest and
when the dispersion of the effective refractory
period in the right ventricle was 80 ms.
However, two weeks after admission, the dispersion of the effective refractory period
decreased to 20 ms and multiform ventricular
tachycardia could not be induced.
Multiform ventricular tachycardia always
followed the same R on T type ventricular
extrasystoles in this patient. These ventricular
extrasystoles showed a left bundle branch
block with left axis deviation and seemed to
originate from the right ventricular apex,
where the monophasic action potential duration and the effective refractory period were
shortest.
In patients with torsades de pointes, the
dispersion of repolarisation is caused by prolongation of action potential durations in
local areas of the ventricle and QT intervals
are prolonged. In our patient, however, dispersion of repolarisation was caused by shortening of the monophasic action potential
duration and the effective refractory period.
The cause of the shortened effective refractory period at the right ventricular apex in

