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Arrhythmia in hypertrophic cardiomyopathy
I: Influence on prognosis
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SUMMARY In order to examine the association between arrhythmia and subsequent prognosis, 72-
hour ambulatory electrocardiographic monitoring was performed in 86 unselected patients with
hypertrophic cardiomyopathy. During monitoring 23 patients experienced at least one episode of
supraventricular tachycardia and 24 had ventricular tachycardia (ofwhom 10 had more than three
episodes). The patients were then followed for a mean of 2-6 years (range one to four). Seven
patients died suddenly. Of these, five had exhibited multiform and paired ventricular extrasystoles
and ventricular tachycardia. These arrhythmias were significantly associated with sudden death
whereas supraventricular arrhythmias were not. The patients who died suddenly were older and
had experienced more symptoms than the survivors, and three had a family history ofhypertrophic
cardiomyopathy and sudden death. This experience provides the basis for the assessment of
treatment in patients with hypertrophic cardiomyopathy and serious ventricular arrhythmia.

The high incidence of serious ventricular arrhythmia
in hypertrophic cardiomyopathy is now well recog-
nised.' These arrhythmias are often asymptomatic
and they are not significantly reduced by beta-
adrenergic blocking drugs.2 Those who die usually do
so suddenly,3 and are often young and asympto-
matic.4 The relation ofprevious arrhythmia to sudden
death is, however, uncertain. We have assessed the
influence of arrhythmia on prognosis in 86 patients
with hypertrophic cardiomyopathy who were avail-
able for ambulatory electrocardiographic monitoring
during 1976 and 1977.

Methods

Eighty-six consecutive patients with hypertrophic
cardiomyopathy underwent one to 10 days (mean
three) ofambulatory electrocardiographic monitoring
while on no treatment other than beta-adrenergic
blockers, verapamil, or digoxin. This was performed
using the Oxford Medilog 1 cassette recorder and
recording instrument and a Reynold's high speed
Pathfinder electrocardiographic analyser. All records
were analysed by a technician and reviewed by a
physician. A modification of the grading system of
Ryan et al.5 for ventricular arrhythmia was used:
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grade 1, no more than 30 ventricular extrasystoles in
any hour of monitoring; grade 2, more than 30 ven-
tricular extrasystoles in any hour ofmonitoring; grade
3a, multiform ventricular extrasystoles; grade 3b
uniform and pairs (two consecutive ventricular extra-
systoles); grade 4, multiform and pairs of ventricular
extrasystoles; grade 5, ventricular tachycardia (three
or more ventricular extrasystoles in succession).

Patients

The diagnosis of hypertrophic cardiomyopathy was
based on typical clinical features,6 M-mode echo-
cardiography,7 and left ventricular angiography.8 In
67 patients the diagnosis was established by left ven-
tricular angiography.8 Nineteen patients were
diagnosed non-invasively: four of these patients were
first degree relatives of propositi and had clinical,
electrocardiographic, or echocardiographic features
consistent with hypertrophic cardiomyopathy; the
other 15 patients had the typical clinical and echo-
cardiographic features ofhypertrophic cardiomyopathy
and left ventricular outflow tract gradient.79 Patients
were considered to have a significant left ventricular
outflow tract gradient if the difference measured
under basal conditions or with provocation (amyl
nitrite inhalation or Valsalva manoeuvre) was equal to
or exceeded 20 mmHg. Of the 67 patients who were
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catheterised, 23 (34%) had a resting gradient, 15
(22%) had a gradient upon provocation, and 29 (43%)
had no gradient. Mean left ventricular end-diastolic
pressure was 17-6±7-6 mmHg. Sixteen of the 19
patients who were not catheterised were considered to
have a gradient on the basis of echocardiographic
identification of either mid-systolic closure of the
aortic valve or systolic anterior motion of the anterior
mitral leaflet7 9; these criteria were also used to
confirm the presence or absence ofa gradient in the 17
patients who had not undergone catheterisation
within the three years before the study.

Fifty-one of the patients were male and 35 were
female. The diagnosis was established one to 20 years
(mean five) before the present study at which time the
patients were aged between six and 66 years (mean
39). Seventy-five of the patients were then in sinus
rhythm and 11 were in atrial fibrillation. Symptoms at
the time of diagnosis included: palpitation, 43%; pre-
syncope, 26%; syncope, 18%; chest pain on exertion,
46%; dyspnoea (New York Heart Association class 2),
55%, and dyspnoea (class 3 or 4), 7%. At the time of
monitoring 12 (14%) of the patients were in atrial
fibrillation, 25 (29%) were asymptomatic, 23 (27%)
had presyncope, and nine (10%) had syncope, 28
(33%) had chest pain on exertion, 30 (35%5 had
dyspnoea class 2, and 15 (17%) dyspnoea class 3 or 4.
Their treatment included digoxin in 11 (13%),
diuretics in 16 (19%), beta-adrenergic blocking drugs
in 55 (64%), and verapamil in three (3%) of the
patients; no patient received any additional anti-
arrhythmic therapy during or before monitoring.

Patients who were found to have ventricular tachy-
cardia on the electrocardiographic monitoring were
initially treated with mexiletine, or disopyramide,
either alone or in combination with propranolol.
These drugs were poorly tolerated. A sustained
reduction or abolition of ventricular tachycardia was
achieved in only three of 14 patients. Quinidine
sulphate was given to eight of the patients with
ventricular tachycardia. This was better tolerated,
but was successful in abolishing ventricular tachy-
cardia in only two. The five patients in whom ven-
tricular tachycardia was abolished on mexiletine,
quinidine, or disopyramide are included in the
analysis only up to the date of initiation of their
successful antiarrhythmic treatment.

Statistical analysis

Where appropriate the x2 or Fisher's exact test were
used to assess statistical significance. The two sample
t test was used to test the difference between two
means and the two sample Wilcoxon test was used to
differentiate between the two samples when the data

were not normally distributed. A stepwise discrimin-
ate analysis was also performed to compare the
patients with ventricular tachycardia with the
others; 12 clinical, electrocardiographic, haemo-
dynamic, and echocardiographic features were used
as independent variables.

Results

The prevalence of ventricular arrhythmias is sum-
marised in the Fig. Ventricular arrhythmia (class 2, 3,
4, or 5) was detected in 62% of the patients. Eighteen

Fig. The prevalence ofventricular arrhythmia grades in 86
patients with hypertrophic cardiomyopathy.

of 20 patients with frequent ventricular extrasystoles
(>30/hour) also had higher grade arrhythmia, but
only 35% of the patients with multiform or paired
ventricular extrasystoles had frequent ventricular
extrasystoles. Though supraventricular arrhythmias
were common (Table 1), they were not associated
with poor prognosis.
Table 1 Supraventricular arrhythmias detected during
ambulatory electrocardiographic monitoring in 68 survivors and
six dead patients*

Alive Dead
(68 panents)t (6paients4

No. % No. %

Atrial extrasystoles§
'30/h 56 82 3 50
>30/h 12 18 3 50
Supraventncular tachycardia**
None 47 68 4 66
1 to 3 episodes 14 21 - -
>3 episodes 7 10 2 33

* 12 patients with atrial fibrillation excluded.
t1 to 10, mean 3 days of electrocardiographic monitoring.
t I to 7, mean 3-1 days of electrocardiographic monitoring.
§Maximum count/hour.

**Total number ofepisodes during electrocardiographic monitoring.
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The duration of follow up after monitoring was one
to four years (mean 2 6). Seven patients have died, all
suddenly. The patients who died were older (mean 58
years) than the survivors (mean 44 years) and they had
a higher incidence of family history of hypertrophic
cardiomyopathy and sudden death (43%) than the
survivors (11%) (Table 2). Ventricular tachycardia as
well as the combination of multiform and paired ven-
tricular extrasystoles were associated with sudden
death (p<0 05). They were present in five ofthe seven
patients who died suddenly (Table 3). In addition, the

Table 3 Ventricular arrhythmias detected during ambulatory
electrocardiographic monitoring in 79 survivors and seven dead
patients

Alive Dead
(79 patients)t (7 patients4

No. % No. %

Venticular arrhythmia grade*
1 (s30 VES/h) 63 80 3 43
2 (>30 VES/h) 16 20 4 57
3a (multiform VES) 15 19 0 0
3b (uniform and pairs) 8 10 0 0
4 (multiform and pairs) 19 24 5 71
5 (VT) 19 24 5 71

*Grades not mutually exclusive.
t 1 to 10, mean 3 days of electrocardiographic monitoring.
t 1 to 7, mean 3-1 days of electrocardiographic monitoring.
VES, ventricular extrasystoles; VT, ventricular tachycardia.

patients who died had significantly higher maximum
ventricular extrasystolic counts (whether on an hourly
or a daily basis) than the survivors (p<0 05) (Table 4).
Ofthe five patients who had ventricular tachycardia

and died suddenly, three (cases 1, 5, and 7) were
haemodynamically severe with class 2-3 functional
limitation and raised left ventricular end-diastolic
pressure. Two (cases 3 and 6) had no functional
limitation: case 3 had a positive family history of
hypertrophic cardiomyopathy and sudden death and
case 6 had palpitation associated with syncopal
episodes (Table 2). Left ventricular end-diastolic
pressure was raised in the patients who died (mean
22 mmHg) but not significantly more so than in the
survivors (mean 17 mmHg). Three of six patients who
died had a gradient at rest or on provocation and case 7
who was not catheterised had echocardiographic
features (systolic anterior motion of the mitral valve
and mid-systolic closure ofthe aortic valve) associated
with left ventricular outflow tract gradient.7 9 A simi-
lar percentage (63%) of the survivors also had a
gradient at rest or after provocation. The patients who
died had thicker ventricular septa than the survivors,
but the difference was not significant (p=0 059). Not
only did five (71%) of the patients who died have

ventricular tachycardia but so did 19 (24%) of the
survivors. Tables 5 and 6 present the other ventricular
and supraventricular arrhythmias detected in patients

Table 5 Ventricular arrhythmia detected during ambulatory
electrocardiographic monitoring in patients with and without
ventricular tachycardia

62 patients without 24 patients with
ventricular tachycardia* ventricular tachycardiat

No. % No. %

Ventricular extrasystoles
1 (' 30/h) 54 87 12 50
2 (>30/h) 8 13 12 50
3a (multiform) 14 23 1 4
3b (uniform pairs) 8 13 0 0
4 (multiform and pairs) 5 8 19 79

* 1 to 10, mean 3 days of electrocardiographic monitoring.
t I to 7, mean 2-9 days of electrocardiographic monitoring.

with and without ventricular tachycardia. Frequent
ventricular extrasystoles (grade 2) (p<0 001) and
multiform and paired ventricular extrasystoles (grade
4) (p<0 0001) were associated with ventricular tachy-
cardia, whereas supraventricular arrhythmias were
not.

Discriminate analysis disclosed that ventricular
tachycardia was best predicted by the combination of
syncope, left ventricular end-diastolic pressure
greater than or equal to 20 mmHg, voltage criteria of
left ventricular hypertrophy on the electrocardio-
gram,10 ventricular septal thickness of 20 mm or
more, and systolic anterior motion of the mitral valve
on the echocardiogram. Twelve of 18 patients with
ventricular tachycardia (false negative 33%) and 26 of
32 without ventricular tachycardia (false positive
19%) were correctly identified by the analysis.

Table 6 Supraventricular arrhythmias detected during
ambulatory electrocardiographic monitoring in patients with
and without ventricular tachycardia*

53 patients without 21 patients with
ventricular tachycardiat ventricular tachycardiat

No. % No. %

Atial extrasystoles§
s30/h 45 85 14 67
>30/h 8 15 7 33
Supravenicular

tachycardia**
None 39 74 12 57
1 to 3 episodes 8 15 6 29
>3 episodes 6 11 3 14

* 12 patients in atrial fibrillation are excluded.
t 1 to 10, mean 3-1 days of electrocardiographic monitoring; 9 patients with
atrial fibrillation excluded.

t 1 to 7, mean 2-8 days of electrocardiographic monitoring; 3 patients with
atrial fibrillation excluded.

§Maximum count/hour.
**Total number of episodes during electrocardiographic monitoring.
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Discussion

Our results confirm previous observations that ar-
rhythmia is common in hypertrophic cardiomyopathy.
They also disclose that in hypertrophic cardio-
myopathy ventricular tachycardia is associated with
sudden death, whereas supraventricular arrhythmias
are not. Twenty-four patients (28%) had ventricular
tachycardia, including five of seven of the patients
(7 1%) who died suddenly. Three of those patients
who died suddenly had at least three episodes of
ventricular tachycardia: two had severe functional
limitation with raised filling pressures and grossly
thickened ventricular septa; the other patient was

functionally asymptomatic but had a bad family history
-both her father and a sister had died suddenly from
hypertrophic cardiomyopathy. A positive family
history of hypertrophic cardiomyopathy and sudden
death has been associated with sudden death4 11 and
was present in two of seven of the patients who died
suddenly.

In our series of 254 patients with hypertrophic
cardiomyopathy 32 patients died suddenly; they were
young at the time of death (seven to 67 years, (mean
37)) and were often asymptomatic.4 The seven
patients who died in the present study were, however,
older (mean 58 years) and four ofthe seven had severe

functional limitation. Patients who die suddenly from
hypertrophic cardiomyopathy are not a homogeneous
group. They include children"1 12 and the elderly;
patients who are asymptomatic and severely limited;4
those who have massive septal hypertrophy and
minimal hypertrophyll 13 and those with and without
left ventricular outflow tract gradients and abnormal
filling pressures.4 In this study serious ventricular
arrhythmia was associated with sudden death.
Though a causal relation of arrhythmia and sudden
death will be difficult to establish, the treatment of
serious ventricular arrhythmia in hypertrophic car-

diomyopathy should be explored.
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