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Background Non-sustained ventricular tachycardia (NSVT) during ambulatory electrocardiographic monitoring (typically occur-
ring at rest or during sleep) is associated with an increased risk of sudden cardiac death in patients with hypertrophic
cardiomyopathy. The prevalence and prognostic significance of ventricular arrhythmias during exercise is unknown.

Methods
and results

This was a cohort study, with prospective data collection. We studied 1380 patients, referred to a cardiomyopathy clinic
in London, UK [mean age 42 years (SD 15); 62% male; mean follow-up 54 (SD 49) months]. Patients underwent two-
dimensional and Doppler echocardiography, upright exercise testing, and Holter monitoring. Twenty-seven patients
[mean age 40 (SD 14) years (18–64); 22 (81.5%) male] had NSVT (24) or ventricular fibrillation (VF) (3) during exer-
cise. During exercise, 13 (54.2%) had more than one run of NSVT (maximum 5) with a mean heart rate of 221 (SD 48)
b.p.m. Patients with exercise NSVT/VF had more severe hypertrophy (22.6 vs. 19.5 mm, P ¼ 0.009) and larger left atria
(47.3 vs. 43.7 mm, P ¼ 0.03). Male gender was significantly associated with exercise NSVT/VF [22 (81.5%) vs. 832
(61.5%), P ¼ 0.03]. Eight (29.6%) of the exercise NSVT/VF patients died or had a cardiac event (SD/ICD discharge/
transplant) compared with 150 (11.1%) patients without exercise NSVT/VF, P ¼ 0.008. Patients with NSVT/VF had a
3.73-fold increase in risk of SD/ICD discharge (HR 95% CI: 1.61–8.63, P ¼ 0.002). Exercise NSVT alone was associated
with a 2.82-fold increased risk (HR 95% CI: 1.02–7.75, P ¼ 0.049). In multivariable analysis with other risk markers,
exercise NSVT/VF (but not NSVT alone) was independently associated with an increased risk of SD/ICD [HR 3.14
(95% CI: 1.29–7.61, P ¼ 0.01)].

Conclusion Ventricular arrhythmia during symptom limited exercise is rare in patients with hypertrophic cardiomyopathy, but is
associated with an increased risk of sudden cardiac death.
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Introduction
Non-sustained ventricular tachycardia (NSVT) during ambulatory
ECG monitoring occurs in �25% of patients with hypertrophic
cardiomyopathy (HCM).1– 4 While it is usually asymptomatic, typi-
cally occurring during periods of heightened vagal tone, numerous
studies have shown that its presence is associated with an
increased risk of sudden cardiac death, particularly in young
adults and children with the disease.1 – 5 Only one study has

reported on the prevalence of ventricular tachycardia during exer-
cise, but this was unable to determine its prognostic significance.6

The primary aims of this study were to determine the frequency of
exercise-induced ventricular arrhythmia in a large referral popu-
lation and its relation to the risk of sudden cardiac death. Second-
ary aims were to compare the clinical characteristics of patients
with and without exercise-induced ventricular arrhythmia, to
determine the relation between exercise-induced ventricular
arrhythmia and conventional sudden death risk factors, and to
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determine the association between exercise-induced ventricular
arrhythmia and all-cause mortality.

Methods

Study population
One thousand seven hundred and forty-two patients [40 (SD 18) years
old, 1030 (59%) male] with HCM were assessed at St. George’s Hos-
pital and The Heart Hospital, London, UK between 1988 and 2004.
Hypertrophic cardiomyopathy was defined by the presence of unex-
plained left-ventricular hypertrophy more than two standard devi-
ations from normal age and size corrected values,7 or by the
presence of unexplained electrocardiographic and echocardiographic
abnormalities in relatives of patients with unequivocal disease.8 Patients
with other disorders known to cause left-ventricular hypertrophy
were excluded from the study. For the purposes of this study, patients
were selected from the cohort of 1742 patients using the following cri-
teria: (i) age more than 15 and , 75 years; (ii) successful completion of
symptom limited upright exercise testing on a treadmill or bicycle erg-
ometer. This was a cohort study, with prospective data collection. The
study complied with the Declaration of Helsinki.

Clinical assessment
A detailed family pedigree and clinical history were obtained from all
patients. Chest pain was classified as exertional or atypical if it occurred
at rest or lasted more than 30 min in the absence of myocardial infarc-
tion. Dyspnoeawas coded according to the New York Heart Association
classification. A history of syncope and palpitation was recorded.

Echocardiography
Two-dimensional and M-mode echocardiography were performed
using standard methods.9– 11 Left-ventricular end-diastolic (LVEDd)
and end-systolic (LVESd) dimensions were recorded from M-mode
images obtained in the parasternal window at the level of the mitral
leaflet tips. End-diastolic left-ventricular wall thickness was recorded
in the anterior and posterior septum and in the lateral and posterior
left-ventricular wall using short-axis two-dimensional images at the
level of the mitral valve and papillary muscles. Anterior and posterior
wall thickness at the apex was measured in the two chamber and
short-axis apical views. Left-ventricular outflow tract velocities were
measured from the apical five and three chamber views using continu-
ous wave Doppler and left-ventricular outflow tract gradient (LVOTG)
was calculated using the modified Bernouilli equation.

Ambulatory electrocardiography
Two or three channel ambulatory ECG monitoring (24–48 h) was
performed while patients performed routine daily activities (Marquette
Electronics, Milwaukee, WI, USA). Non-sustained ventricular tachycar-
dia was defined as three or more consecutive ventricular beats at a
rate of �120 b.p.m., lasting for ,30 s.3

Exercise testing
Patients were exercised to exhaustion or the development of symp-
toms on a treadmill using the Bruce or modified Bruce protocols
(1988–94), or on an upright bicycle ergometer (Sensormedics ergo-
metrics 800S) using an incremental ramp protocol (1994 onwards).
Arterial blood pressure was measured by auscultation of the brachial
artery during deflation of a mercury sphygmomanometer at rest,
every minute during exercise and for the first 5 min of recovery.
Blood pressure response during exercise was considered abnormal

when the systolic blood pressure failed to increase by more than
25 mmHg from baseline, or when there was a decrease of 10 mmHg
or more in systolic blood pressure during exercise.12,13

Continuous 12-lead ECG monitoring (Marquette Max 1, Marquette
Electronics, Milwaukee, WI, USA), and heart rate measurements
were performed throughout exercise. Exercise-induced ventricular
tachycardia was defined as the presence of three or more consecutive
ventricular beats at a rate of �120 b.p.m.

Sudden death risk factors in hypertrophic
cardiomyopathy
Family history of sudden unexpected death under 40 years of age,
unexplained syncope, severe hypertrophy (maximum left ventricular
thickness �30 mm), severe left-ventricular outflow tract gradient
(.90 mmHg), abnormal blood pressure response to exercise (in
patients under 40 years of age), NSVT on Holter were coded as risk
factors for sudden death.1,12–17

Survival analysis
Survival data were collected between July 1997 and September
2004 at routine clinic visits and by direct communication with
patients and their physicians or general practitioners. For the pur-
poses of the survival analysis, follow-up started with the date of the
first exercise test with a documented episode of exercise ventricu-
lar arrhythmia or from the first evaluation at our institution in
patients that did not develop exercise ventricular arrhythmia.
First evaluation included complete cardiac examination, ECG,
echocardiogram, Holter, and cardiopulmonary exercise test.
‘Lost to follow-up’ was defined as no clinical review for �1.5 years.

The following end-points were used in the survival analysis:

(1) Sudden cardiac death: Witnessed sudden cardiac death within
1 h of new symptoms. Nocturnal deaths with no antecedent
history of worsening symptoms were also coded as sudden.

(2) Aborted sudden cardiac death: successfully resuscitated from
sustained ventricular tachycardia or ventricular fibrillation
(VF) (including appropriate shock from an internal cardiover-
ter defibrillator).

(3) Progressive heart failure: Death preceded by signs and or
symptoms of heart failure of more than 1h duration, and/or
cardiogenic shock.

(4) Orthotopic heart transplantation.
(5) Other cardiovascular death: Stroke, pulmonary or systemic

embolism, myocardial infarction.
(6) Non-cardiovascular death: Death secondary to non-

cardiovascular events or of unknown cause.

Primary outcome (sudden cardiac death) was considered when
(1) and (2) occurred. Secondary outcome was coded when all
cause mortality or transplant occurred (1–6).

Statistical analysis
Clinically relevant variables and results from echocardiography,
Holter, and exercise test were stored prospectively in a dedicated
database. Details on exercise ventricular arrhythmias (morphology,
rate, etc.) were reviewed retrospectively. Variables related to
sudden death risk factors were defined a priori and follow-up
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information was collected prospectively for survival analysis.
Further analyses were explanatory.

Continuous variables are presented as mean (SD) and qualitative
variables are expressed as count (%). Two-tailed Student t-test,
x2 test, or Fisher exact test was used when appropriate to
compare group data. Kaplan–Meier method was used for survival
curves and for calculations of 5 year survival estimations. The
magnitude of risk was calculated using the Cox regression model
with 95% confidence intervals defined as +1.96�standard
error. Variables associated with the defined outcomes (P � 0.1)
were included in the multivariable analysis. All P-values were two-
sided. SPSS for PC statistical program (version 11.0) was used for
the analysis.

Results
One thousand three hundred and eighty patients [mean age 42 (SD
15), male 854 (61.9%)] fulfilled the selection criteria for the study
(Table 1). One hundred and ten (8.0%) patients were lost to
follow-up; 42 (3.1%) patients were evaluated only once within
the last year of the study period. Twenty-seven patients had ven-
tricular arrhythmia during exercise [40 (SD 14) years (18–64),
22 (81.5%) males]. Ventricular fibrillation occurred during exercise
in three (0.2%) patients (female aged 29, and 2 males aged 33 and
64). No patient developed sustained ventricular tachycardia during
exercise test. Twenty-four [mean age 40 (SD 14) years (18–60),
20 (83.3%) male] patients had NSVT during exercise. In all cases
this was asymptomatic. Original ECG recordings were available
for review in 19 cases. Thirteen patients (54.2%) had more than
one run of NSVT (maximum five episodes). Runs varied from
3 beats up to 15 beats, with a mean heart rate of 221 (SD 48)
b.p.m. Five of these 24 patients (20.8%) with exercise NSVT had
�2 mm ST depression during exercise (one with normal angio-
gram and four aged under 40 years of age) (Table 2).

The clinical and echocardiographic characteristics of patients with
exercise ventricular arrhythmias are summarized in Table 1. Com-
pared with patients without exercise ventricular arrhythmias, patients
with exercise NSVT/VF had more severe hypertrophy and larger left
atria. Male gender was significantly associated with exercise NSVT/VF
[22 (81.5%) vs. 832 (61.5%), P ¼ 0.03]. A greater proportion of
patients with exercise NSVT/VF had NSVT during ambulatory ECG
monitoring [11 (40.7%) vs. 232 (17.1%), P ¼ 0.002].

Exercise-induced ventricular arrhythmias
and survival from sudden death
Three patients with exercise-induced NSVT died suddenly and one
patient had a syncopal sustained ventricular tachycardia requiring
resuscitation. Two of the three patients with VF during exercise
(female aged 29 and a male aged 33 years old) that were
managed medically in accordance with standard practice in 1994
died suddenly at 11 and 150 months following the exercise test.
The third (64 year old male) received an implantable cardioverter
defibrillator (ICD) and had no appropriate shocks after 66 months
of follow-up (Table 2).

When exercise NSVT and VF were considered together,
patients with ventricular arrhythmias had a 3.73-fold increase in

risk of SD/ICD discharge compared with patients with no ventricu-
lar arrhythmias during exercise (HR 95% CI: 1.61–8.63, P ¼ 0.002).
Exercise NSVT alone was associated with a 2.82-fold (HR 95% CI:
1.02–7.75, P ¼ 0.049) increased risk of sudden death or resusci-
tated ventricular arrhythmia.

Five year survival from sudden death or ICD discharge was sig-
nificantly lower in patients with exercise NSVT/VF [(81.6% (95%
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Table 1 Baseline characteristics of the study
population in relation to the presence of ventricular
arrhythmia during exercise

Exercise
NSVT/VF

No exercise
NSVT/VF

P-value

n 27 (2.0) 1353 (98.0)

Male/Female 22/5 832/521 0.03

Age (years) 40 (14) 42 (15) 0.6

Follow-up
(months)

68 (45) 53 (49) 0.1

Prior VF 0 (0.0) 27 (2.0) —

AF 5 (18.5) 119 (8.8) 0.08a

Chest pain 10 (37.0) 363 (26.8) 0.3

NYHA

I 19 (70.4) 875 (64.7) 0.5

II 8 (29.6) 440 (32.5) 0.7

III– IV 0 (0) 38 (2.8) 0.9a

FHSCD 9 (33.3) 391 (28.9) 0.5

Palpitations 5 (18.5) 324 (23.9) 0.5

Syncope 3 (11.1) 191 (14.1) 0.8

ABPR 6 (22.2) 292 (21.6) 0.9

ABPR (,40 years
of age)

4 (14.8) 175 (12.9) 0.8a

Peak VO2 (%) 70.1 (20.9) 74.7 (24.1) 0.4

Holter NSVT 11 (40.7) 232 (17.1) 0.002

MLVWT (mm) 22.6 (6.0) 19.5 (6.2) 0.009

LVOTO 9 (33.3) 357 (26.4) 0.4

Pattern

ASH 21 (77.8) 839 (62.0) 0.1

Concentric 6 (22.2) 351 (25.9) 0.6

Apical 0 (0) 84 (6.2) 0.4a

Other 0 (0) 79 (5.8) 0.5a

LVED (mm) 42.3 (6.6) 44.2 (6.3) 0.1

LVES (mm) 23.3 (6.3) 25.6 (6.3) 0.07

FS (%) 45.3 (9.7) 42.6 (9.2) 0.1

LA (mm) 47.3 (8.4) 43.7 (8.4) 0.03

VF, ventricular fibrillation; AF, atrial fibrillation; chest pain, exertional chest pain;
NYHA, New York Heart Association dyspnoea class; FHHCM, family history of
hypertrophic cardiomyopathy; FHSCD, family history of sudden cardiac death;
ABPR, abnormal blood pressure response during upright exercise; Peak VO2 (%),
percentage of predicted peak VO2 during exercise; NSVT, non-sustained
ventricular tachycardia; MLVWT, maximal lest ventricular wall thickness (mm);
ASH, asymmetrical septal hypertrophy; LVED, left-ventricular end-diastolic
diameter (mm); LVES, left-ventricular end-systolic diameter (mm); FS, fractional
shortening (%); LA, left atrial diameter (mm); LVOTO, left-ventricular outflow
tract gradient (�30 mmHg); ICD, implantable cardioverter defibrillator.
aFisher exact test.
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CI: 64.6–98.5) vs. 94.4% (95% CI: 92.7–96.1), P ¼ 0.002)]
(Figure 1). Five year survival from sudden death or ICD discharge
was also significantly lower in patients with exercise NSVT alone
[(83.3% (95% CI: 65.3–100) vs. 94.4% (95% CI: 92.7–96.1), P ¼
0.049)], (Figure 1).

Relation of exercise non-sustained
ventricular tachycardia/ventricular
fibrillation to other risk factors
for sudden death
One patient (33.3%) with exercise VF had NSVT on Holter, one
(33.3%) had an abnormal blood pressure response during exercise,
and another had family history of sudden cardiac death. Two
patients (66.6%) had severe left-ventricular outflow tract obstruc-
tion (92 and 100 mmHg) and one (33.3%) had severe hypertrophy
(30 mm) (Table 3).

Exercise NSVT/VF was associated with a 3.03-fold increase in risk
of SD/ICD discharge (HR 95% CI: 1.30–7.08, P ¼ 0.01) after adjust-
ing for the number of other described sudden death markers. In this
model, the hazard ratio for every increase in the number of risk
factors was 1.71 (HR 95% CI: 1.37–2.14, P , 0.0001). In multi-
variable analysis, including the predefined risk factors (Table 4),
exercise NSVT/VF was independently associated with an increased
risk of SD/ICD [HR 3.14 (95% CI: 1.29–7.61, P ¼ 0.01)].

Nine (37.5%) patients with exercise NSVT had two or more risk
factors compared with 269 (19.9%) patients without exercise
NSVT, P ¼ 0.049. When the number of risk factors was taken as
a continuous variable, there was no significant difference in patients
with and without exercise NSVT [mean number of risk factors 1.17
(SD 0.24) vs. 0.88 (SD 0.02), respectively; P ¼ 0.2)]. Hazard ratio
for SD/ICD for exercise NSVT alone (i.e. excluding the three
patients with exercise induced VF) in the presence of other risk
factors was 2.33 (95% CI: 0.84–6.47, P ¼ 0.103).
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Table 2 Electrocardiographic characteristics of patients with exercise-induced ventricular arrhythmias

Age Sex Number
of runs

Beats
longest

Max
HR

VT morphology Sym Stage of
exercisea

ABPR Medication ST depression Angiogram

18 F 1 5 250 RBBB SOB Rec N Amio Y NP

20 M 1 3 150 RBBB SOB Rec Y N Y NP

20b M 1 3 166 Polym None 2 N N N NP

22 M 1 3 NA NA SOB 3 Y N NA NP

25 M 4 5 250 LBBB Palp 3 Y Amio N NP

29c F 1 3 250 Polym SOB Rec N N N NP

30c M 5 10 230 RBBB Presyn 4 N BB N Normal

32 M 4 7 270 Polym None 4 N N Y NP

34 M 2 6 150 LBBB SOB 2þrec Sotalol N Normal

36 M 1 NA NA NA None 4 N N N NP

37 M 1 9 200 RBBB None Rec N BB Y NP

39c M 2 3 230 RBBB None 3 N N Y Normal

43 F 5 4 250 RBBB SOB 2 N N N NP

43 M 4 4 272 Polym Presyn 4 N N N Normal

43 M 4 13 300 LBBBþPolym None 4þrec N N N Normal

47 M 1 11 180 LBBB None Rec N N N NP

49 M 1 4 190 Polym None Rec N Amio N Normal

50 F 2 5 250 RBBB SOB 2þrec N Amio N NP

54 M 4 4 188 LBBB SOB 3 Y BBþamio N Normal

56 M 2 3 150 Polym None 2 N BB N Normal

59 M 1 3 NA NA None 4 N Diso N Normal

59 M 1 NA NA NA None 1 N NA Normal

60 M NA NA NA NA None 2 N N NA Normal

60 M 2 15 280 Polym None 4 N N N NP

29c F VF 4 Y BB Y Normal

33c M VF 4 N Fleca N NP

64 M VF 3 Y BB NA NP

NA, original ECG recordings not available; HR, maximal heart rate of ventricular tachycardia; NSVT, non-sustained ventricular tachycardia; VT, ventricular tachycardia; VF,
ventricular fibrillation; LBBB, left bundle branch block; RBBB, right bundle branch block; Polym, polymorphic; sym, symptoms leading to stop the test or end exercise; SOB, short of
breath; palp, palpitations; rec, recovery; ABPR, abnormal blood pressure response; amio, amiodarone; BB, beta-blocker; fleca, flecainide; diso, disopyramide; NP, not performed.
aEach stage represents a 3 min interval.
bSyncopal sustained VT that required cardioversion.
cSudden death
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Exercise ventricular arrhythmias
and all-cause survival
Coded events in the exercise NSVT/VF group were five SD, one
sustained syncopal VT, one heart transplantation, and one non-
cardiac related death. Eight (29.6%) of the 27 patients with
exercise NSVT/VF patients died, were transplanted, had an ICD
discharge, or experienced syncopal sustained VT compared with
150 (11.1%) patients without exercise NSVT/VF, P ¼ 0.008.

There was a significant association between exercise NSVT/VF and
the composite of all-cause death, aborted SD, and cardiac transplan-
tation [2.18-fold increase (HR 95% CI: 1.07–4.45, P ¼ 0.03)]. When
modelled with exercise NSVT alone, there was no difference in risk
of the composite end-point [HR 1.86 (95% CI: 0.82–4.22, P ¼ 0.13)].

Five year survival from any death, ICD shock, resuscitated ven-
tricular arrhythmia, and transplantation was lower in patients with
[81.6% (95% CI: 64.6–98.5) vs. without exercise NSVT/VF 89.3%
(95% CI: 87.0–91.6), P ¼ 0.03]. When exercise NSVT alone was
analysed, 5 year survival from all-cause combined event was
similar in patients with and without exercise NSVT [83.3% (95%
CI: 65.3–100) vs. 89.3% (95% CI: 87.0–91.6), P ¼ 0.14].

Discussion
This study shows that while ventricular arrhythmias during exercise
are rare in HCM, they are associated with an increased risk of
sudden cardiac death. These findings emphasize the importance
of exercise testing in risk stratification in patients with HCM and

suggest that exercise-induced NSVT should be taken into
account when assessing the need for an ICD.

While sudden death rates in HCM populations are remarkably
low, the fact that sudden death frequently occurs without
warning in young and often asymptomatic people provides a
powerful stimulus to pre-emptively identify individuals at high
risk.18 –19 Numerous clinical features are associated with an
increased risk of sudden cardiac death, but with the exception of
prior cardiac arrest, most associations are relatively weak with
low predictive power.1,3,13 –17 This limitation is partly overcome
by considering the ‘global risk burden’ in individual patients using
a small number of easily assessed clinical features. This approach
(enshrined in consensus guidelines) identifies the majority of
patients that are at very low risk of sudden death and the much
smaller number of patients at very high risk.20 Patients with only
a single risk factor continue to pose a dilemma and are, for the
present, managed empirically.

Non-sustained ventricular tachycardia during ambulatory moni-
toring is common in patients with HCM. Its prevalence is age-
dependent, with a very low frequency in children and adolescents,
rising to 25% or more in patients over the age of 40 years.3

A number of studies have suggested that there is a circadian vari-
ation in the frequency of NSVT with a mid-morning peak in one
study.21 The biological basis for the circadian pattern is
unknown, but the timing of most events suggests an influence of
vagal tone. Numerous studies have indicated that NSVT during
Holter monitoring is associated with a 2–2.5-fold increase in
sudden death risk.2– 4 There is very little evidence that the

Figure 1 Cumulative survival free from sudden death, appropriate implantable cardioverter defibrillator discharge, and resuscitated ventri-
cular arrhythmia in patients with and without exercise ventricular arrhythmia.
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duration, frequency, or rate of runs influence prognostic signifi-
cance, but the relative risk of sudden death is much higher in
younger patients.3

In this study, patients with exercise-induced ventricular arrhyth-
mias had significantly more hypertrophy, but in contrast with pre-
vious reports, severe LVH was not associated with SCD in the
multivariable analysis, probably reflecting the influence of more
powerful clinical markers not included in previous models. This
finding should be examined in future studies with larger popu-
lations of patients.

We are aware of only one other study that has examined the
frequency of ventricular tachycardia during exercise in patients
with HCM.6 In a cohort of 86 patients, haemodynamically stable
ventricular tachycardia was observed in 1.2%, a very similar pro-
portion to that seen in this study. However, the small size of the
cohort meant that no conclusions could be drawn on the prognos-
tic significance of exercise-induced NSVT. In this study, the pres-
ence of VF or exercise-induced NSVT was associated with a

3.73-fold increase in the risk of sudden cardiac death or haemody-
namically compromising sustained ventricular tachycardia during
follow-up. When modelled with other risk factors, a history of
exercise-induced NSVF/VT was associated with a 3.14-fold
increase in SD/ICD risk (Table 4). Non-sustained ventricular tachy-
cardia alone was associated with an additive risk in univariable
analysis, but did not reach statistical significance in the multivariable
analysis, probably reflecting the small size of the cohort with exer-
cise induced NSVT.

There are many potential mechanisms for NSVT in HCM,
including abnormal automaticity, early after-depolarizations, and
micro- and macro-reentry caused by myocyte disarray, fibrosis,
and disruption of gap junctions. In addition, many patients have evi-
dence for myocardial ischaemia and abnormal autonomic function
that may trigger or modulate the susceptibility to ventricular
arrhythmia. The fact that exercise-induced ventricular tachycardia
is so rare suggests that the increased adrenergic tone during exer-
cise in HCM optimizes myocyte-to-myocyte coupling and reduces
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Table 3 Risk stratification of the 27 patients with exercise-induced ventricular arrhythmia (24 NSVT13 VF)

Age Sex MaxLVH Gradient NSVTHolter Syncope FHSCD ABPR Num of RF

18 F 29 19 Y Y N N 2

20 M 34 7 Y N Y Y 4

20a M 25 21 N N N N 0

22 M 33 41 N N Y Y 3

25 M 26 9 Y N N Y 2

29b F 24 50 Y Y N N 2

30b M 24 31 N N N N 0

32 M 18 9 Y N Y N 2

34 M 12 4 NA N N NA 0

36 M 20 6 N N Y N 1

37 M 20 100 NA N N N 1

39b M 12 49 Y N N N 1

43 F 16 12 N N N N 0

43 M 21 36 Y N N N 1

43 M 13 3 Y N Y N 2

47 M 19 5 Y Y N N 2

49 M 17 21 N N N N 0

50 F 24 6 N N Y N 1

54 M 25 3 N N N Y 0

56 M 28 18 N N N N 0

59 M 22 13 N N N N 0

59 M 22 9 N N Y NA 1

60 M 32 6 Y N Y N 3

60 M 22 58 N N N N 0

29b F 21 100 N N N Y 2

33b M 22 19 N N Y N 1

64 M 30 92 Y N N Y 3

NSVT, non-sustained ventricular tachycardia; VF, ventricular fibrillation; ABPR, abnormal blood pressure response; FHSCD, family history of sudden cardiac death. Num of RS,
number of risk factors; NA, not available.
Maximal LVH �30 mm and severe gradient (�90 mmHg) were taken as risk factors for number of risk factors calculations. ABPR was considered as a risk factor only in patients
under 40 years of age.
aSyncopal sustained VT that required cardioversion.
bSudden death.
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the dispersion of repolarization that promotes the initiation of ven-
tricular tachycardia and fibrillation. Whatever the mechanism, the
findings in this study suggests that exercise VT may be a novel
marker for sudden death risk in HCM that should be considered
in the overall risk profile.

Limitations
Patients who were unable to exercise or who did not successfully
complete the symptom limited upright exercise testing were
excluded from the study. Thus, selection of participants could be
biased towards the less symptomatic or a lower risk profile group.

Status at the end of the study could not be assessed in 8.0% of
patients, but none of the 27 patients with exercise-induced ventri-
cular arrhythmia were lost to follow-up. We did not systematically
conduct an evaluation of the national registry of deaths for techni-
cal (lack of NHS number) and financial reasons.

The calculated statistical power of the study for the value of
exercise-induced ventricular arrhythmia as marker for sudden
death was 85.5% (a: 10%).

Conclusions
This study confirms the importance of exercise testing in the
assessment of patients with HCM and suggests that ventricular
arrhythmias during exercise may be a novel marker of sudden
death risk.

Conflict of interest: none declared.
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Table 4 Predictors of sudden death, appropriate
implantable cardioverter defibrillator discharge, and
resuscitated ventricular arrhythmia (multivariable
analysis, Cox regression model)

HR 95% CI P-value

Exercise NSVT/VF 3.14 1.29–7.61 0.01

Holter NSVT 2.57 1.55–4.26 0.0001

Severe LVOTO 2.41 1.08–5.53 0.03

Syncope 2.08 1.21–3.56 0.008

FHSCD 1.79 1.09–2.94 0.02

ABPR 1.43 0.86–2.36 0.2

Severe LVH 0.90 0.42–1.93 0.8

NSVT, non-sustained ventricular tachycardia; VF, ventricular fibrillation; Severe
LVH, maximal left ventricular hypertrophy of �30 mm; Severe LVOTO, left
ventricular outflow tract obstruction of �90 mmHg; ABPR, abnormal blood
pressure response (in patients under 40 years of age); FHSCD, family history of
sudden cardiac death.
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