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An unusual cause of apparent epilepsy: ECG and
EEG findings in a case of Jervell Lange-Neilson
syndrome
P. J. SELBY AND M. V. DRIVER

From the University Department of Neurology and Departments of Clinical Neurophysiology,
Maudsley Hospital and King's College Hospital, London

S U MM ARY A case is presented of apparent epilepsy which proved to be due to recurrent
ventricular tachyarrhythmias (torsade de pointe). The relationship between -the cardiac arrhyth-
mia and changes in the electroencephalograph is recorded and analysed. This is probably an

example of the 'Jervell Lange-Neilson' syndrome of cardiac arrhythmias which may produce
ictal episodes, prolongation of the QTc interval of the ECG, and sensori-neural deafness. The
features of the syndrome, its pathology and treatment, and its relevance to the management of
epilepsy are discussed.

The differential diagnosis between cardiac and
epileptic ictal episodes is a common clinical prob-
lem, and we present here a case of frequent
epileptiform seizures which illustrates the diffi-
culties. It brings to notice a little recognised cause
of apparent epilepsy.

Case report

A 17 year old girl presented with a six week history
of frequent epileptiform fits. She was observed to
lose consciousness suddenly, extend her arms and
legs maintaining tone, and turn her head to the
right. These episodes lasted a few minutes only,
and she recovered spontaneously, often crying.
Lesser episodes with brief loss of consciousness
but no motor features also occurred. She was fre-
quently incontinent during the episodes. Attacks
occurred 10 to 20 times in 24 hours including
nocturnal episodes. Her past history was of a single
unexplained episode of loss of consciousness 18
months earlier, congenitally dislocated hips and
mild 'mental retardation' (IQ 74) noted from the
age of 8 to 9 years. No definite cause had been
found for the latter although it had been attributed
to an unconfirmed anaesthetic accident occurring
at 18 months. There was no relevant family history
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and no parental consanguinity. The initial diag-
nosis was minor motor epilepsy but treatment with
phenytoin, primidone, and sodium valproate had
produced no definite improvement.
On examination at the Maudsley Hospital, she

was small (1.55 m and 45 kg-within the 3rd per-
centile), with normal bodily proportions. Her pulse
was irregular with frequent extrasystoles but car-
diovascular and general examination was other-
wise normal. Neurologically, she showed 'drusen'
of the optic nerve head, moderately severe dysar-
thria, ataxia, and nystagmus, and mild pyramidal
tract signs in the left leg with brisk tendon jerks
and an extensor plantar response. Her left foot
was slightly smaller than the right.

Routine investigations for the cause of epilepsy
and mental retardation were all normal. Anticon-
vulsant blood levels on admission were 3 -mg/l of
phenytoin, 9 mg/l of primidone, and 4 mg/l of
phenobarbitone, all well below established toxic
levels. An ECG taken to investigate the irregular
pulse confirmed frequent ventricular extrasystoles,
often 'R on T', but during an incidental seizure a
ventricular tachyarrhythmia identified as torsade
de pointe (Krikler and Curry, 1976) was seen. A
24 hour continuous electromagnetic tape recording
of the ECG showed frequent runs of torsade cor-
relating with the clinical ictal episodes (Fig. 1).
All known causes of acquired torsade de pointe
were excluded (Krikler and Curry, 1976). The
QTc measurement of her ECG was 0.45 s (upper
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Fig. 1 Torsade de pointe as recorded on a 24-hour electromagnetic tape recording with an example of the
12 lead ECG.

limit of normal 0.425 s) but the 12 lead ECG was
otherwise normal. The cardiac electrophysiological
studies that were performed will be described
elsewhere (Selby et al., 1977).
The EEG was recorded on two occasions before

the possible significance of a cardiac disorder was
recognised. The first showed prominent bilateral
slow wave phenomena during several typical
attacks which suggested that these could be epilep-
tic in nature. The second, during which no attack
occurred, showed some normal alpha rhythm and
large amounts of mixed frequency slower activity,
particularly on the right side. No spikes or com-
plex wave forms were present and there was no
unusual photosensitivity. The third EEG included
the ECG in one channel (Figs. 2, 3, and 4) and
three typical attacks occurred, each related to a
period of prolonged ventricular tachycardia (10-
34 s) and associated with bilateral slow waves in
the EEG. One less prolonged tachycardia (8 s) was
associated with slow EEG waves and some body
movements but no definite attack was noted.
Seven periods of tachycardia (duration 0.8-5.2 s)
were accompanied by neither attack nor EEG slow
waves (Table). On each of the four occasions
when patient movement artefacts and EEG slow
waves appeared, all had a similar latency (4-6 s)
from the onset of the tachycardia, but the slow
waves invariably ended before the movement arte-

facts. The exact relationship in time between
clinical features of the attack and EEG/ECG
changes is not clearly established.
An audiogram showed a mild bilateral high

tone sensory hearing loss, and an EMI scan
showed enlargement of the lateral and third
ventricles.

Anticonvulsants were withdrawn and she was
treated with mexilitine, a new Class I antiarrhyth-
mic drug (Singh and Vaughan-Williams, 1972)
which succeeded in abolishing all her attacks and,
in high doses, in suppressing the recorded arrhyth-
mias. At the time of writing she has remained well
and attack free for 12 months on mexilitine and
later on propranolol in addition. Details of the
treatment regime, electrophysiological response to
mexilitine and drug levels will be reported by
Selby et al. (1977). ECGs recorded in her parents
and sibling were normal.

Discussion

NATURE OF THE ATTACKS
Interictal EEGs in patients with epilepsy may not
show spikes, spikewave, or other phenomena of
clear epileptic significance, and records taken
during some seizures-for example, psychomotor
-may show bilateral slow waves. In these respects
the first two EEGs would not be regarded as out-
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Fig. 2 Bipolar scalp EEG channels 1-15; lead I ECG in channel 16. Several channels,especially 4, 7, 8, 10, and 11, show movement artefacts, and others, especially 7 and 8,muscle artefacts such as occurred apparently at random throughout the recording. Somenormal alpha rhythm is present bilaterally but mixed with slower waves. One highvoltage right posterior temporal-occipital wave appears near the end of this excerpt(channels 2, 8, 9, 15).

14 .

Fig. 3 Electrode pattern as Fig. 2. A 2.2 seconds period of ventricular tachycardia(channel 16) is not associated with abnormal EEG change.
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Fig. 4 Electrode pattern as Fig. 2. A 10 seconds period of ventricular tachycardia is associated with
patient movements (very slow baseline drift) and rhythmic bilateral slow EEG waves. Both are well
developed some six seconds from the start of the tachycardia and continue after it ends.

Table Duration of tachycardia and associated phenomena

Slow wave Movements
Duration of Appearance of Latency of duration ajter latency from Duration of
tachycardia bilateral slow slow waves end of tachycardia start of'tachycardia movements
(seconds) waves (seconds) Clinical 'attack' (seconds) (seconds) (seconds)

1 No No
13 Yes 5 Yes 10 5 65
8 Yes 6 No 2 6 10
0.8 No No
2.2 No No
10 Yes 6 Yes 8 6 26
3.2 No No
0.8 No No
5.2 No No
1.1 No No

34 Yes 6 Yes 10 4 70

side the range encountered in 'true' epilepsy. Men-
tal handicap may be associated with abnormally
slow and asymmetrical EEG activity as seen in the
second record. Patients with gross congenital
cardiac disease not uncommonly show similar
features. The periods of acute cardiac dysfunction
could, perhaps, precipitate true epileptic fits in a
susceptible subject either directly (for example,
through a vago-medullary reticular pathway), or
indirectly (for example, through emotional stress
or cerebral hypoxia from reduced blood flow).
Alternatively, the attacks could be not truly epilep-
tic but rather periods of confused behaviour with
or without loss of consciousness induced by cer-
ebral hypoxia.

It is not possible to determine unequivocally

from any of the EEG recordings which, if any, of
these mechanisms was responsible, but there are
definite strong points in favour of the last. The
third EEG shows that a minimum of 4-6 seconds
of tachycardia was a prerequisite both of the clini-
cal attack and the bilateral very slow EEG activity,
and also that whatever the actual duration of the
tachycardia, provided an attack occurred, the
cerebral dysfunction responsible for the slow
waves came to an end within 8-10 seconds of the
cessation of the tachycardia. The close time rela-
tionship between the onset of the ECG and EEG
phenomena is most likely to be due to an acute
fall in cardiac output with resulting cerebral
hypoxia, and the time for EEG recovery to follow
re-establishment of the cerebral blood flow.

F
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Bilateral EEG slow waves can be induced in
healthy subjects through their breathing low oxy-
gen mixtures, and in healthy children and adoles-
cents by strenuous voluntary hyperventilation,
when the resulting hypocapnia is thought to pro-
duce reflex cerebral vasoconstriction and hypoxia.
EEG slow waves of a similar character may also
be induced by unilateral carotid compression in
patients with cerebrovascular disease, in which
case the latency is 6-8 s. The 'off' effect after
carotid compression may not be clearly apparent,
but where the internal carotid artery has been ex-
plored surgically, ligature induced EEG slow
waves disappear about 5-6 seconds after release of
the ligature.
Timing of these procedures is necessarily in-

exact but, even so, they indicate that the various
EEG features of the attacks in this patient are at
least compatible with a simple hypoxic rather than
an epileptic basis.

NATURE OF THE DISEASE
The association of attacks due to cardiac arrhyth-
mias, prolongation of the QT interval on the ECG
and sensory hearing loss, link this case to the so-
called surdo-cardiac syndrome of Jervell and
Lange-Neilson (1957). They described a family of
four siblings in whom syncope and sudden death
were associated with congenital deaf mutism and
QT prolongation. Later, Romano et al. (1963) and
Ward (1964) described a similar syndrome without
hearing abnormalities. There are now over 200
cases, mainly in the cardiac literature (listed by
Schwartz et al., 1976). This is predominantly a
disease of children, and only some 10% of cases
had their first attack after 10 years of age, al-
though cases in the fourth and fifth decades are
reported. The prognosis is mixed but sudden death
in childhood is common, and survival to adult life
is unusual.
The clinical features of the ictal episodes vary

remarkably (Fraser et al., 1964; Singer et al.,
1974). Minor episodes with chest or abdominal dis-
comfort but no loss of consciousness occur as do
major episodes with syncope and convulsions.
Convulsions may mimic grand mal or focal epi-
lepsy (Singer et al., 1974). Our experience that it
may be clinically impossible to distinguish these
attacks from true epilepsy is supported by the
great frequency with which this was the initial firm
diagnosis made in other described cases. There is
little evidence to help distinguish hypoxic episodes
from precipitated cerebral seizures in other des-
cribed cases, and we are unaware of previous ob-
servations of the relationship between ECG
changes and EEG changes. Optic 'drusen' are not

a described association and the presence of neuro-
logical signs is unusual. When present, they have
been explained as the result of hypoxic damage.
This may be so in our case and this is compatible
with the findings on EMI CAT scan.
The ECG usually shows a prolongation of the

QTo measurement which may be minimal as in the
present case. Inversion of the T wave at rest or on
exercise, and extrasystoles are also common. Early
authors suspected that the syncopes and convul-
sions were due to cardiac arrhythmias and this has
now been amply confirmed. The terminology of
the arrhythmias is confused and both ventricular
tachycardia and ventricular fibrillation are des-
cribed. In our case, and certainly in some of the
other variously labelled cases, the term torsade de
pointe is appropriate. This is a ventricular tachyar-
rhythmia in which the QRS axis of the ECG
fluctuates and which is frequently self-limiting.
The nature and causes of this arrhythmia are re-
viewed by Brochier et al. (1972) and Krikler and
Curry (1976).
The genetics and pathology of the syndrome are

uncertain but considerable information is avail-
able. Sporadic cases occur but several authors
report a clear autosomal dominant pattern for the
syndrome without deafness (Gale et al., 1970;
Chaudron et al., 1976), while some propose a reces-
sive pattern (Fraser et al., 1964). Mathews et al.
(1972) reported a family in which the disorder
occurred with and without deafness, the latter
being inherited separately in a dominant fashion.
Pathological studies are few (Fraser et al., 1964;
James, 1967) and no consistent abnormality is
found. James (1967) found abnormal sinus node
arteries similar to those described by him in Dal-
matian dogs who suffer from deafness and sudden
death. Friedmann et al. (1968) found absence of
the organ of Corti and other degenerative changes
in the middle ear. Lack of balanced sympathetic
drive to the heart is a favoured hypothesis for the
pathogenesis of the QT prolongation (Schwartz et
al., 1976) and is supported by the observations that
(1) propranolol is beneficial; (2) arrhythmias are
often triggered by emotion or exertion; (3) experi-
mental stimulation of the left stellate ganglion or
ablation of the right stellate ganglion in dogs pro-
longs the QT interval (Yanowitz et al., 1966); and
(4) left stellate ganglionectomy may be beneficial
(Moss and McDonald, 1971; Schwartz et al., 1976).
Treatment for this syndrome is still not univers-

ally agreed but it is clear that propranolol is of
benefit (Schwartz et al., 1976) and in our case
mexilitine proved highly effective. Quinidine and
procainamide are probably contraindicated be-
cause of their action to prolong the QT interval.
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Phenytoin (Ratshin et al., 1971; Mathews et al.,
1972), bretylium tosylate (Singer et al., 1974),
digoxin (Chaudron et al., 1976), lignocaine, potas-
sium, and diazepam have all been tried with vari-
able but limited success.

DIAGNOSIS AND RELEVANCE OF THE DISEASE
It would seem important that this disease be con-
sidered in the differential diagnosis of seizures and
syncope in children and adults. The resting EEG
is usually normal and never frankly epileptic, and
the presence of extrasystoles may be suggestive of
this diagnosis, although they are not invariable
and are present in 1% of the normal population.
The diagnosis may be made by accurate measure-
ment of the QT interval corrected for rate (QTo),
although a few cases are reported in which QT
prolongation was only apparent on exercise (Von
Bemuth et al., 1973). Other possible pitfalls are
that the QT interval is decreased by increasing age
and by large doses of phenytoin. QT prolongation
in the ECG of an apparent epileptic does not
confirm this diagnosis because it may result from
many causes, commonly phenothiazines and tri-
cyclic antidepressants (Singer et al., 1974). The
most reliable method for confirming the diagnosis
is the 24 hour electromagnetic ECG tape record-
ing, although even then the possibility that ventri-
cular arrhythmias may result from epileptic fits
should be borne in mind (White et al., 1961).

This condition may be relevant to the not un-
common problem of sudden unexplained death in
young epileptics. Hirsch and Martin (1971) studied
19 such cases in some detail and observed that one
of them was known to have QT interval prolonga-
tion.

It is suggested that this condition be considered
in the differential diagnosis of all idiopathic epi-
lepsies and of any unexplained ictal episode. Atypi-
cal seizures, a normal EEG and extrasystoles may
all be clues but it can only be reliably diagnosed
by ECG recording and measurement of the QTa
at rest and perhaps on exercise. It represents a
potentially fatal and eminently treatable cause of
apparent epilepsy.

The cardiac investigations and therapy, which are
published elsewhere, were performed by Dr David
Jewitt, Consultant Cardiologist, King's College
Hospital, and Dr Michael McComish, Research
Fellow, King's College Hospital. We would like to
thank Professor David Marsden for permission
to describe his patient, for advice throughout the
study, and for reading the manuscript. Many
thanks are due to Mrs Jenny Mudditt who typed
the script.
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