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The exercise heart rate (HR) profile and its relation to cardiac function and arrhythmias
were investigated in patients with hypertrophic cardiomyopathy (HC). Chronotropic
response (CR) and heart rate recovery (HRR) were computed during and after treadmill
exercise testing in 273 patients with HC and 95 age-matched healthy controls. Patients with
HC had higher prevalence of chronotropic incompetence and lower HRR1e5min compared
with controls. Exercise capacity, diastolic function (assessed by E/e’) and left atrial volume
index were associated with HRR1min and CR in HC. Septal myectomy was associated with
reduction in chronotropic incompetence but did not affect HRR1min. In conclusion,
impaired CR and HRR1min are associated with advanced disease and do not appear to be
independent clinical markers indicating high-risk status in HC. Improving CR by titrating
doses of negative chronotropic agents, myectomy, and atrial pacing may be useful to
increase exercise capacity in patients with HC. � 2015 Elsevier Inc. All rights reserved.
(Am J Cardiol 2015;115:1144e1150)

Hypertrophic cardiomyopathy (HC) is the most common
genetic cardiovascular disorder, with a prevalence of
approximately 1:500 in the general population1 and the most
frequent cause of sudden cardiac death (SCD) in young
patients. Hypertrophy, myocyte disarray, electrical remod-
eling, and fibrosis provide a substrate for reentrant
arrhythmias, whereas alterations in autonomic function can
serve as triggers for malignant ventricular arrhythmias.2 In
this study, we used the exercise stress test to gather infor-
mation on the state of the autonomic nervous system and its
responsiveness in patients with HC. We measured the peak
heart rate (HR) response during exercise to assess sympa-
thetic drive to the heart and postsynaptic responsiveness of
b-adrenergic receptors in the sinoatrial node3 and post-
exercise heart rate recovery (HRR) at 1 minute to non-
invasively quantify parasympathetic function.4 Blunted
chronotropic response (CR) and HRR have been demon-
strated to predict mortality in patients with coronary artery
disease.5 However, it is not known whether CR and HRR

are markers of risk (mortality and ventricular arrhythmias)
in HC. In this study, we assessed CR and HRR (HR profile)
during and after a treadmill exercise test and examined
the relation between the HR profile, cardiac function, and
arrhythmias in 273 patients with a clinical diagnosis of HC.

Methods

This study was approved by the Institutional Review
Board at Johns Hopkins. Written informed consent was
obtained in all patients. Consecutive, unrelated, adult patients
(n¼ 273; 190 men; mean age, 50� 15 years) who were seen
in the Johns Hopkins HC clinic from 2006 to 2011 were
retrospectively studied if they fulfilled the standard diagnostic
criteria for HC,6 namely left ventricular hypertrophy in the
absence of other causes, such as hypertension and/or valvular
disease. Patients were excluded if they were atrially paced,
pacemaker dependent, or had known pulmonary disease.
Mean patient follow-up was 37 months. Clinical information,
including baseline demographic characteristics, clinical
status, and cardiac magnetic resonance (CMR), echocardio-
graphic, and positron emission tomography (PET) results7

were abstracted from the medical record of each subject.
The control group consisted of 95 age-matched healthy sub-
jects (56 men; mean age 49 � 17 years) without evidence of
any manifest metabolic or clinical cardiovascular disease.

The clinical information recorded at the initial presenta-
tion included age, gender, symptoms, functional capacity
according to the New York Heart Association (NYHA)
classification, and risk factors for SCD. Based on previous
studies, 5 clinical features were defined as risk factors for
SCD in HC: (1) family history of �1 HC-related SCD, (2)
�1 episode of unexplained recent syncope, (3) massive LV
hypertrophy (thickness �30 mm), (4) nonsustained or
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sustained ventricular tachycardia (VT) on ambulatory 24-
hour (Holter monitor) electrocardiography, and (5) hypo-
tensive response to exercise.8

Implantable cardioverter defibrillator (ICD) discharges
and VT events were recorded by reviewing Holter and
exercise electrocardiographic tracings, ICD interrogation
reports, and clinic visit notes. Sustained VT was considered
as VT with a rate >100 beats/min and duration >30 seconds
or VT that resulted in an ICD discharge. Appropriate ICD
discharges were all confirmed by an electrophysiologist and
resulted from ventricular tachyarrhythmias, not arrhythmias,
such as atrial flutter or fibrillation associated with a rapid
ventricular response or device/lead malfunction.

Symptom-limited exercise was performed on a treadmill
according to the standard or modified Bruce’s protocol. The
most common reasons for termination of exercise were
dyspnea and fatigue. A physician unaware of the baseline
echocardiographic results was present during all studies to
encourage maximal exertion. Exercise tolerance was defined
by the achieved, estimated metabolic equivalent (MET).9

Peak HR (HRpeak) was defined as the HR at the end of
the exercise test, whereas baseline HR (HRbaseline) was the
HR measured with the patient supine before the exercise
test. HRR was measured as the difference between peak HR
and HR at 1 to 5 minutes after exercise, in the supine
position with no cool-down period at the end of exercise.
Because there are no established criteria for HRR in HC, the
lowest quartile in this HC cohort (�20 beats/min) was used
to define abnormal HRR at first minute after exercise, an
approach that has been used previously.10

Chronotropic response (CR) was assessed by calculating
the percentage of HR reserve used: (peak HR � baseline
HR)/(220 � age � baseline HR) � 100%.11,12Chronotropic
incompetence (CI) was defined as a low proportion of HR
reserve used: a cut-off value of <80%5,11,13 was used in
patients not receiving b blockers and <62% in patients
receiving b-blocker therapy.14

A normal BP response was defined as an increase of at
least 20 mm Hg in systolic BP during exercise, with a
gradual decrease during recovery.15 Impaired BP responses
were defined as either (1) an initial increase in systolic BP
with a subsequent decrease of >20 mm Hg compared with
the BP value at peak exercise or a continuous decrease in
systolic BP throughout the exercise test of >20 mm Hg
compared with BP at rest (termed hypotensive responses) or
(2) an increase of <20 mm Hg in systolic BP from resting
state to peak exercise (termed a flat response).

A standard clinical scanning protocol was implemented in
all subjects using a GE Vivid 7 ultrasound machine (GE Ul-
trasound, Milwaukee, Wisconsin) equipped with a multifre-
quency phased-array transducer. Complete 2-dimensional and
Doppler echocardiograms were analyzed offline by a single
observer who was blinded to patient factors. All echocardio-
graphic parameters were averaged over 3 cardiac cycles or 3
measurements. Peak left ventricular outflow tract gradients
weremeasured at rest and after exercise in all patients with HC.

A subset (n ¼ 205) of patients with HC underwent
CMR before and after administration of 0.2 mmol/kg of
Gadopentate Dimeglumine (Magnevist; Shering, Germany),
using a 1.5-T clinical scanner (Siemens Avanto, Erlangen,
Germany) and a phased-array receiver coil placed on the
chest. A semi-automated threshold technique using 6 SDs
more than the mean signal intensity of the normal nulled
myocardiumwas used to assess delayed enhancement (DE).16

A subset (n ¼ 51) of patients with HC underwent
perfusion PET imaging using 13-NH3 to assess for induc-
ible ischemia. PET was performed using a GE Discovery
VCT PET/CT System (Waukesha, Wisconsin). Coronary
vasodilation was achieved by administration of Dipyr-
idamole (0.56 mg/kg) or Regadenoson (0.4 mg). For
myocardial blood flow (MBF) quantification, volumetric
sampling of the myocardial tracer activity was performed by
manual definition of the long heart axis, followed by soft-
ware computation and displayed as a static polar map.
Subsequently, the static polar mapedefined segments were
reapplied to dynamic imaging series to create quantitative
polar maps and, thus, myocardial time-activity curves. A
small region of interest was positioned in the LV cavity to
obtain the arterial input function. Using these data, MBF
was calculated by fitting the arterial input function and
myocardial time-activity curves from the dynamic polar

Table 1
Heart rate recovery, chronotropic response and blood pressure response to
exercise in hypertrophic cardiomyopathy patients and controls

Variables HC (n¼273) Controls (n¼95) p-value

HRR1min(bpm) 29�9 34�6 0.004*
HRR2min (bpm) 46�12 58�7 <0.0001*
HRR3min(bpm) 54�13 70�8 <0.0001*
HRR4min (bpm) 58�13 76�8 <0.0001*
HRR5min (bpm) 59�12 80�8 <0.0001*
Percentage of CI 0.52 0.15 <0.001†

Percentage with ABPR 0.097 0.07 <0.001

HRR ¼ Peak HR-HR at 1-5minutes post-exercise.
ABPR ¼ abnormal blood pressure response; bpm ¼ beats per minute;

CI ¼ chronotropic incompetence; HC ¼ hypertrophic cardiomyopathy;
HRR ¼ heart rate recovery.
* U Mann Whitney Test.
† Chi-square test.

Figure 1. Linear regression between HRR1min and peak HR during exercise:
HRR1min is positively correlated with peak HR. HRR1min ¼ heart rate at
1 minute after exercise.
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