
Prognostic value of non-sustained ventricular
tachycardia and the potential role of amiodarone
treatment in hypertrophic cardiomyopathy:
assessment in an unselected non-referral based
patient population

F Cecchi, I Olivotto, A Montereggi, G Squillatini, A Dolara, B J Maron

Abstract
Background—Amiodarone has been re-
ported to reduce the likelihood of sudden
death in patients with hypertrophic car-
diomyopathy (HCM). However, data re-
garding the clinical course in HCM have
traditionally come from selected referral
populations biased toward assessment of
high risk patients.
Aims—To evaluate antiarrhythmic treat-
ment for sudden death in an HCM
population not subject to tertiary referral
bias, closely resembling the true disease
state present in the community.
Methods—Cardiovascular mortality was
assessed in relation to the occurrence of
non-sustained ventricular tachycardia
(NSVT) on 24 or 48 hour ambulatory Hol-
ter recording, a finding previously re-
garded as a marker for sudden death,
particularly when the arrhythmia was fre-
quent, repetitive or prolonged. 167 con-
secutive patients were analysed by
multiple Holter ECG recordings (mean
(SD) 157 (129) hours) and followed for a
mean of 10 (5) years. Only patients with
multiple repetitive NSVT were treated
with amiodarone, and in relatively low
doses (220 (44) mg/day).
Results—Nine HCM related deaths oc-
curred: 8 were the consequence of conges-
tive heart failure, but only 1 was sudden
and unexpected. Three groups of patients
were segregated based on their NSVT pro-
file: group 1 (n = 39), multiple (> 2 runs)
and repetitive bursts (on > 2 Holters) of
NSVT, or prolonged runs of ventricular
tachycardia, included 4 deaths due to
heart failure; group 2 (n = 38), isolated
infrequent bursts of NSVT, included 1
sudden death; group 3 (n = 90), without
NSVT, included 4 heart failure deaths.
Kaplan-Meier survival analysis showed no
significant diVerences in survival between
the three groups throughout follow up.
Conclusions—In an unselected patient
population with HCM, isolated, non-
repetitive bursts of NSVT were not associ-
ated with adverse prognosis and so this
arrhythmia does not appear to justify
chronic antiarrhythmic treatment. Amio-
darone, administered in relatively low
doses, did not carry an independent and
additive risk for cardiac mortality. Amio-
darone may have contributed to the

absence of sudden cardiac death in pa-
tients believed to be at higher risk because
of multiple repetitive NSVT.
(Heart 1998;79:331–336)
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Stratification of risk and treatment to prevent
sudden cardiac death in patients with hyper-
trophic cardiomyopathy (HCM) has generated
considerable investigation and controversy.1–17

Previous studies from tertiary referral centres
have reported an association between non-
sustained ventricular tachycardia (NSVT) and
sudden cardiac death in patients with HCM, in
whom the detection of isolated NSVT had low
positive but high negative predictive value for
sudden death.8–21 However, it is possible that
NSVT may not bear the same prognostic
significance in unselected patient groups that
more closely resemble the true HCM disease
state.22–27 In addition, in one investigation, the
likelihood for sudden death was reduced in
patients with HCM and NSVT to whom rela-
tively low dose amiodarone was administered.21

Other investigators have questioned the safety
of amiodarone treatment in HCM.28

Nevertheless, based on the initial enthusiasm
for amiodarone as treatment for patients with
HCM and NSVT perceived at increased for
sudden death, we applied the principles of risk
stratification and treatment of McKenna and
colleagues20 21 29 30 to our patients with this dis-
ease. The present study was done to assess our
clinical experience in a large non-referral based
HCM population, with regard to the safety and
the potential benefits of long term amiodarone
treatment for risk reduction.

Methods
PATIENT SELECTION

Between 1980 and 1992, 202 consecutive
patients diagnosed with HCM at Cardiologia
di S Luca, Ospedale di Careggi in Florence,
Italy were evaluated clinically on more than
two occasions and followed for more than one
year.23 Of the 202 patients, 12 refused Holter
recording and were excluded from analysis; we
chose to exclude 23 further patients because
they had been treated with amiodarone for
atrial fibrillation rather than NSVT. The
remaining 167 patients constitute the final
study group. Patients were followed for 1 to 30
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years (mean (SD) 10 (5)) from the time of ini-
tial HCM diagnosis, and were evaluated longi-
tudinally in a standard fashion at about yearly
intervals with clinical examination, 12 lead
ECG, cross sectional echocardiogram, tread-
mill exercise test, and ambulatory Holter
monitoring. Diagnostic and management
strategies were generally consistent during the
follow up period, with one investigator assum-
ing primary responsibility for each patient. The
diagnosis of HCM was based on echocardio-
graphic identification of a hypertrophied and
non-dilated left ventricle in the absence of
other cardiac or systemic disease capable of
producing the magnitude of left ventricular
hypertrophy present in that patient.1 31

HOLTER ECG MONITORING

Continuous Holter recordings were obtained
using commercially available portable equip-
ment (Avionics, Irvine, California, USA) with
two leads (V1 and V5). Patients were in-
structed to complete a diary and activate the
event marker should they have symptoms. Each
of the 167 patients had routine 24 or 48 hour
ambulatory Holter ECG (range, 1–18 times).
Additional recordings were obtained as dic-
tated by clinical events (such as increasing
symptoms or occurrence of syncope or angina)
or by the presence of NSVT (which itself
dictated subsequent Holter ECGs within the
ensuing month), as well as to evaluate the sup-
pression of arrhythmias by amiodarone. The
mean (SD) elapsed Holter recording time in
our study patients was 157 (129) hours. NSVT
was defined as self terminating bursts of > 3
consecutive extrasystoles with a heart rate
> 120 beats/min.21 Isolated infrequent NSVT
was defined as one burst only of NSVT over a
24 hour period on one or more Holter record-
ings; multiple repetitive NSVT was defined as
two or more bursts on one or more Holters.

ECHOCARDIOGRAPHY

Echocardiographic studies were performed
with Toshiba 65A and 270 instruments, using
2.5 and 3.75 MHz transducers. Extent and
distribution of left ventricular hypertrophy was
assessed as described previously.31 32 Magni-
tude of left ventricular outflow tract gradient
under basal conditions was estimated with
continuous wave Doppler.33

STATISTICAL ANALYSIS

Data were expressed as mean (SD). Statistical
analyses were performed using unpaired Stu-
dent’s t test for the comparison of normally
distributed data. Fisher’s exact test or ÷2 test
were used where appropriate to compare non-
continuous variables expressed as proportions.
Survival and event-free curves were calculated
using Kaplan-Meier estimates.34

Results
DEMOGRAPHIC, CLINICAL, AND
ECHOCARDIOGRAPHIC CHARACTERISATION

Ages of the 167 study patients at the time of
initial evaluation were 14–74 years (mean 41
(16)); 116 patients (69%) were men. At most
recent evaluation, 74 patients were asympto-

matic, 60 had experienced mild symptoms
(New York Heart Association (NYHA) class
II), and 33 had severe symptoms (NYHA class
III-IV); six of the last 33 patients appeared to
have morphological and functional evidence of
the end stage phase of HCM.35

Echocardiography showed maximal left ven-
tricular thicknesses of 13–41 mm (mean 23
(5)). Patterns and distribution of left ventricu-
lar wall thickening involved substantial por-
tions of both ventricular septum and free wall
in 102 patients (61%), anterior and posterior
septum alone in 25 patients (15%), anterior
septum only in 23 patients (14%), and portions
of left ventricle other than anterior septum in
17 patients (10%).31 Left ventricular end
diastolic cavity dimension was 35–60 mm
(mean 43 (6)), left atrium was 32–52 mm
(mean 41 (8)), and percentage fractional
shortening was 20–61% (mean 39 (8)). Basal
left ventricular outflow tract obstruction
(> 30 mm Hg) was documented by continu-
ous wave Doppler33 in 33 patients (20%).

IDENTIFICATION OF NON-SUSTAINED
VENTRICULAR TACHYCARDIA

Of the 167 study patients, 90 (54%) did not
have ventricular tachycardia on Holter moni-
toring. The remaining 77 patients (46%) had
> 1 bursts of NSVT on > 1 Holter recording
(fig 1). Of these 77 patients, 38 had isolated
infrequent NSVT and 39 had multiple repeti-
tive NSVT, or prolonged runs of ventricular
tachycardia (identified in two patients with self
terminated periods of 25 and 36 seconds) (fig
1, table 1).
The number of runs of NSVT ranged from 1

to 29 during a single Holter ECG recording
period at ventricular rates of 120 to 175 beats/
min. For the group with isolated infrequent
NSVT, in 35 patients (92%) runs did not
exceed five consecutive beats (mean 3 (2)). For
the group with multiple repetitive NSVT, the
number of beats comprising the longest run in
each patient ranged from 3 to 72 (mean 9
(15)), with most of these being brief (3–5
beats).

MEDICAL TREATMENT

In the 39 patients with multiple repetitive runs
of NSVT (or long runs of ventricular tachycar-
dia) on Holter ECG, amiodarone was given as

Figure 1 Flow diagram showing the three groups
identified among the 202 HCM patients based on
ambulatory Holter ECG findings. AF, atrial fibrillation;
SVT supraventricular tachycardia;NSVT, non-sustained
ventricular tachycardia.
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proposed by McKenna et al.21 36 37 Briefly, we
used a loading dose of 600 mg/day for the first
week, followed by 200–400 mg/day for the fol-
lowing four weeks. A maintenance dose of
150–400 mg/day was then adjusted to maintain
a QTc interval of 460–480 ms.38 Mean (SD)
maintenance dose was 220 (44) mg/day. The
39 patients took amiodarone for > 75% of the
period of follow up after the demonstration of
multiple repetitive NSVT on Holter monitor-
ing; duration of treatment ranged from eight
months to seven years (mean 4 (2) years). Ten
of the 39 patients stopped amiodarone treat-
ment at the end of the follow up period because
of relatively mild and reversible side eVects
(such as alterations of thyroid function and
amiodarone induced bradycardia).
By design, the 38 patients with isolated

infrequent NSVT on Holter monitoring did
not automatically receive antiarrhythmic treat-
ment; however, six of these patients had
clinically indicated drug treatment for atrial
fibrillation or other supraventricular arrhyth-
mias with propafenone and quinidine.
The 90 patients without NSVT on Holter

ECG did not receive specific antiarrhythmic
treatment. Of the 167 study patients, 122
received other standard cardioactive drugs,
primarily for the treatment of congestive symp-

toms, including â blockers (63 patients),
calcium channel blockers (59 patients), or diu-
retics (30 patients) administered in a virtually
continuous fashion and in standard dosages.23

CLINICAL OUTCOME

Of the 167 study patients, nine (8%) died of
cardiovascular causes related to HCM during
the follow up period (table 2). Of these, eight
had progressive severe heart failure and
functional limitation that led directly to their
death, including four patients with features of
the end stage phase of HCM (table 2).35 The
remaining patient, who was mildly sympto-
matic, died suddenly and unexpectedly at 47
years of age. The nine patients who died were
distributed among the three patient groups—
four deaths from heart failure among the 39
patients with multiple repetitive NSVT; one
sudden death in the 38 patients with isolated
infrequent bursts of NSVT; four deaths from
heart failure among the 90 patients without
NSVT (table 1). Of note, both patients with
prolonged runs of ventricular tachycardia have
survived to date.
Kaplan-Meier analysis showed no significant

diVerence in survival (from the time of diagno-
sis) between the three groups of patients (fig 2).
When survival was assessed specifically for the

Table 1 Demographic, clinical, and morphological data of 167 patients with hypertrophic cardiomyopathy divided on the basis of non-sustained
ventricular tachycardia on ambulatory Holter ECG

NYHA functional class Treatment
Follow up
(years)

Cardiovascular
deaths

Group
(n)

Age at
Dx
(years) Initial

Most
recent

I-II
(initial)

I-II
(final)

LA
(mm)

LV
max
(mm)

LVOT
(>30) AF Syncope

â
blockers

Ca
channel
blockers Diuretics

After
Dx

After
NSVT All SD CHF

1 (39) 49
(14)*

1.9
(0.8)*

2.3
(0.8)‡§

32
(82%)

25
(64%)

46
(8)*

25
(5)‡

15
(38%)‡§

18
(46%)‡§

10
(26%)†

24
(61%)

18
(46%)

11
(28%)‡

11
(5)

6.1
(2.8)

4
(13%)

0 4

2 (38) 39
(17)

1.4
(0.7)

1.8
(0.8)

34
(90%)

27
(71%)

41
(8)

23
(5)

5
(13%)

9
(24%)

3 (8%) 22
(56%)

17
(44%)

9
(23%)

11
(6)

6.0
(2.6)

1
(3%)

1 0

3 (90) 40
(16)

1.6
(0.6)

1.7
(0.7)

88
(98%)†

82
(91%)*

39
(7)

22
(5)

13
(14%)

10
(11%)

9
(10%)

31
(34%)†

32
(36%)

10
(11%)

9 (5) – 4
(4%)

0 4

Total
(167)

41
(16)

1.6
(0.7)

1.8
(0.8)

154
(92%)†

134
(80%)*

41
(8)

23
(5)

33
(20%)

37
(22%)

22
(13%)

77
(46%)

67
(40%)

30
(18%)

10
(5)

6.1
(2.7)

9
(5%)

1 8

Group 1, multiple repetitive NSVT; Group 2, isolated NSVT; Group 3, no NSVT.
*p < 0.01 v the other 2 subgroups; †p < 0.05 v the other 2 subgroups; ‡p < 0.01 v without NSVT; §p < 0.05 v isolated NSVT.
NYHA, New York Heart Association functional class; LA, left atrium; LV max, maximum left ventricular thickness; LVOT, left ventricular outflow tract gradient
(> 30 mm Hg; estimated with continuous wave Doppler echocardiography33); AF, atrial fibrillation; CHF, congestive heart failure; Dx, diagnosis; SD, sudden (car-
diac) death.

Table 2 Demographic, clinical, and morphological data of the nine patients with hypertrophic cardiomyopathy related death

NYHA class

Patient Sex NSVT

Age at
Dx
(years)

Age at
death
(years)

Follow
up
(years)

NSVT
to
death
(years)

Family
history Initial

Most
recent

LVWT
max
(mm)

LA
(mm)

LVED
(mm)

FS
(%)

Basal
LVOTG
(mm Hg)

PAP
(mm Hg)
S/D AF

End
stage
HCM*

Cause of
death

1 M None 40 53 12.7 – HCM+
SD

II IV 30 52 41 29 32 55/25 C + CHF

2 F None 59 72 13.1 – HCM+
SD

IV III 30 40 43 25 100 42/14 C + CHF/
stroke

3 M None 60 73 12.8 – 0 II III 28 53 48 41 0 – 0 0 CHF
4 F None 66 75 8.8 – HCM IV IV 30 70 26 61 0 75/40 C 0 CHF
5 F Iso 25 48 23.2 15.2 0 II II 26 53 40 24 100 52/12 P 0 SD
6 M MR 30 31 1.0 1.0 0 III III 24 49 41 39 60 60/34 0 0 CHF
7 M MR 20 48 28.0 26.5 HCM+

SD
I IV 23 43 45 38 0 – C + CHF

8 M MR 59 62 3.8 3.8 0 II III 26 50 44 32 0 – C + CHF/
stroke

9 F MR 70 73 2.8 2.8 0 II III 28 47 27 22 100 – 0 0 CHF

–, data not available; +, present; 0, absent; *, defined as severe progressive heart failure associated with left ventricular wall thinning (with or without asynergy),
relative cavity enlargement, decreased ejection fraction or any combination of these.
AF, atrial fibrillation; C, chronic; CHF, congestive heart failure; Dx, diagnosis; Hx, history; Iso, Isolated; LA, left atrium; LVWT, left ventricular wall thickness; LVED,
left ventricular end diastolic dimension; LVOTG, left ventricular outflow tract pressure gradient estimated with continuous wave Doppler echocardiography33; MR,
multiple repetitive; P, paroxysmal; PAP (S/D), pulmonary arterial pressure (systolic/diastolic); SD, sudden death; FS, fractional shortening.
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period of time following initial detection of
NSVT there was no diVerence in cardiovas-
cular mortality between patients with isolated
infrequent NSVT and multiple repetitive
NSVT (p = 0.2) (fig 3).

CLINICAL DEMOGRAPHICS OF PATIENT GROUPS

Table 1 summarises the clinical and demo-
graphic findings in the three patient groups.
Compared with the two other groups, the 39
patients with multiple repetitive bursts of
NSVT were older and showed greater func-
tional impairment and left atrial dimension, as
well as more frequent occurrence of basal out-
flow tract obstruction, syncope, and new
episodes of atrial fibrillation. The 90 patients
without NSVT and the 38 patients with
isolated infrequent NSVT were similar with
respect to these clinical and morphological
variables.

Discussion
Sudden and unexpected death is the most
devastating feature of the natural history of
HCM, but the stratification of risk in patients
with this disease has proved challenging.1–17

Indeed, most patients who experience sudden
cardiac death are asymptomatic (or mildly
symptomatic), and cardiovascular collapse may
be the first clinical manifestation of
disease.6 11 13 14 17 As it is apparent that only a
small proportion of patients within the broad
disease spectrum of HCM are at increased risk
for sudden death, there has been considerable
interest in the identification of such groups, so
that treatment strategies can be selectively
implemented.14–17

The presence of short bursts of NSVT on
ambulatory Holter ECG has previously been
suggested as a risk factor for sudden death in
adult patients with HCM, based primarily on
screening studies using highly selected patients
from tertiary referral centres.18–20 In this regard,
McKenna and colleagues21 proposed the ad-
ministration of amiodarone in relatively low
doses to prevent sudden death in patients with
HCM and NSVT. In a non-randomised study

design, these investigators showed improved
survival in patients with ventricular tachycardia
treated with amiodarone compared to a
matched control group of patients with this
disease who received treatment with class I
antiarrhythmic agents, primarily quinidine and
â blockers.21 More recently, other investigators
have suggested that the significance of NSVT
as a marker for sudden cardiac death may not
be the same in HCM populations relatively free
from selection bias,22 compared to tertiary
referral populations comprised largely of pa-
tients selected because they had already been
judged to be at increased risk.22–27 For example,
in 151 HCM patients from a cohort evaluated
at both referral and non-referral Italian institu-
tions, Spirito and colleagues22 reported brief
and infrequent bursts of NSVT to be associ-
ated with low cardiac mortality in asympto-
matic (or mildly symptomatic) patients, and
suggested that such ventricular arrhythmias
themselves probably should not be an indica-
tion for antiarrhythmic treatment.
In the present study, we chose to address this

important question further in an unselected
population of HCM patients from the Tuscany
region of central Italy, judged to be
representative of the overall disease spectrum
and having a clinical follow up of up to 30
years.23 We divided our study patients into
three groups based on the findings of ambula-
tory Holter ECGs obtained in a clinical context
periodically during follow up: group 1, patients
with multiple repetitive NSVT; group 2,
patients with isolated infrequent bursts of
NSVT; and group 3, patients without NSVT.
Our patients with multiple repetitive NSVT
were judged to be at potentially higher risk of
sudden death and over the past 10 years have
been consistently treated with amiodarone in
relatively low doses (150–400 mg/day), accord-
ing to the recommendations of McKenna and
associates.21 36 37 Conversely, such preventive
antiarrhythmic treatment with amiodarone was
not given to the patients with isolated infre-
quent bursts of NSVT. Of note, during the fol-
low up period, there were no significant diVer-
ences in total HCM related mortality between
the three groups of patients divided on the
basis of the presence or frequency of NSVT.
Thus, we believe that it is reasonable to

Figure 2 Kaplan-Meier estimates of cumulative survival during the period of follow up
from the time of initial diagnosis of HCM in the three patient groups. There was no
significant diVerence in survival between the three groups independent of whether a pooled
or pairwise analysis was performed (cumulative p value was 0.4; for all pairwise
comparisons, p was > 0.1).
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conclude that bursts of NSVT, when isolated
and brief, are not an unfavourable long term
prognostic feature in patients with HCM.22

Consequently, it is probably not necessary (nor
prudent) to administer long term amiodarone
treatment based solely on the finding of
isolated infrequent bursts of NSVT on Holter
ECG.
One of our 38 patients with isolated

infrequent NSVT died suddenly and unexpect-
edly at age 48; however, this occurred 10 years
after the first (and only) detection of NSVT.
There were no sudden and unexpected deaths
among the 39 patients with multiple repetitive
NSVT (all of whom received amiodarone),
although four of these patients died because of
HCM related progressive heart failure.
We cannot be absolutely certain to what

extent the absence of sudden cardiac death in
our patients with multiple repetitive NSVT can
be attributed solely to the administration of
amiodarone. First, this study was based on the
clinical perception that repetitive NSVT con-
fers greater risk than isolated bursts of NSVT
in patients with HCM; this view is based on
reasonable inferences previously proposed for
HCM22 39 as well as for coronary artery
disease,40 but as yet is unproved. Moreover, the
relatively low event rate for sudden catastro-
phes in unselected HCM populations such as
ours has been emphasised previously,22–27 and
this fact alone could account in large part for
our findings. We favour the view that amiodar-
one treatment itself may have played a role in
determining the favourable clinical outcome
and preventing sudden unexpected cardiac
death in the present study population. Indeed,
apart from the potential role of amiodarone in
suppressing ventricular tachyarrhythmias41 42

and possibly reducing the risk for sudden death
in HCM,21 it is also conceivable that it exerted
a similar beneficial eVect on atrial fibrillation,
known to be an important predictor of cardio-
vascular mortality in HCM.1 2 20 23

It has previously been suggested that amio-
darone administration is associated with in-
creased mortality from sudden death in HCM
patients treated for severe and refractory
congestive symptoms.28 However, we found lit-
tle evidence that amiodarone adversely affected
the long term prognosis of our patients in such
a fashion. Indeed, in the patient subset with
multiple repetitive NSVT (all of whom re-
ceived amiodarone), excess cardiovascular
mortality was not evident, even though the
patients receiving that drug were significantly
older and generally had more severe disease.
One possible explanation for such conflicting
views regarding the safety of amiodarone in
HCM may lie with diVerences in drug dosage.
In the present study, as well as that of
McKenna et al,21 directed largely towards
treatment of asymptomatic (or mildly sympto-
matic) patients judged to be at increased risk of
sudden death due to NSVT on Holter ECG,
the daily maintenance dose of amiodarone was
about 200 mg/day.21 In contrast, investigators
describing increased mortality associated with
amiodarone used particularly high loading (up
to 1600 mg/day) and maintenance (400 mg/

day) doses, almost twice that administered in
the present study.28

Our clinical study emanated from the desire
to apply the principles for prevention of sudden
death with amiodarone, first proposed by
McKenna et al in 1985,21 to a community based
and unselected patient population with HCM.
Because of the initial enthusiasm surrounding
the introduction of amiodarone for the drug
treatment of patients with HCM perceived to
be at increased risk for sudden death because of
NSVT,18–21 we harboured strong ethical con-
cerns about subjecting such patients to a
randomised placebo controlled study design.
Therefore, because the present data were
assembled in a non-randomised fashion we
cannot definitely conclude whether amiodar-
one was eYcacious in reducing HCM related
mortality.We nevertheless believe that our data
are of value in assessing the role of amiodarone
in the management of risk for sudden death in
patients with HCM. The present cohort was
particularly suitable for assessing amiodarone
in this regard, given the fact that our patients
were not subjected to tertiary centre referral
bias and represent a population more closely
resembling the true overall disease spectrum of
HCM in the community to which the practis-
ing clinician is exposed.
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