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EDITORIAL COMMENT

Are We Approaching Chronotropy
(In)competently?*
Brett D. Atwater, MD, Daniel J. Friedman, MD

A

n

is

patients with HF have been mixed. Despite this, rate-

essential for increasing cardiac output (CO)

appropriate

chronotropic

response

responsive pacing is frequently used in patients with

in order to meet the body’s metabolic needs

HF

and

apparent

chronotropic

incompetence,

during exertion. The relationship between heart rate

commonly with an upper sensor rate between 120

(HR) and CO is mediated by stroke volume (SV)

and 130 beats/min, as is commonly programmed

and

for

summarized

by

the

well-known

equation:

CO ¼ HR  SV. In the setting of chronotropic incom-

immediate

usability

by

implantable

device

manufacturers.

petence, the HR response to exercise is impaired

SEE PAGE 105

and so too is CO, resulting in symptoms of exertional
intolerance. Quantitatively, chronotropic incompe-

In this issue of JACC: Heart Failure, Gierula et al.

tence has been deﬁned as the inability to reach a per-

(3) test the provocative hypothesis that a tailored

centage (often 80% or 85%) of the age-predicted

approach to rate-response programming based upon

maximum HR, which is usually deﬁned by the

detailed understanding of the relationship between

Astrand formula (220  age). (1) Although it is used

an individual’s HR and contractility can improve ex-

extensively throughout medicine and exercise physi-

ercise tolerance. The authors hypothesized that it

ology, the Astrand formula has not been rigorously

may be possible to deﬁne a “critical” HR at which the

derived or validated, and several prior studies have

normally positive force-frequency relationship (rela-

shown considerable error in estimation of maximal

tionship between HR and contractility) becomes

HR (2). Application of the Astrand formula for diag-

negative and that by limiting rate-responsive pacing

nosis of chronotropic incompetence among patients

to this “critical HR,” exercise capacity could be

with heart failure (HF) is predicated on the question-

improved. The authors performed their study in 2

able assumption that the optimal HR response to ex-

phases. First, the authors measured the force-

ercise does not vary based on the presence or

frequency relationship in patients (cardiac resynch-

absence of cardiovascular diseases.

ronization therapy [CRT] patients and non-CRT,

The development of rate-responsive pacing algo-

control patients without HF) by using a standard-

rithms, which augment HR in response to an increase

ized pacing protocol with serial echocardiography.

in physical activity, provides important symptomatic

Contractility was inferred based on the ratio of non-

beneﬁts in patients with chronotropic incompetence

invasively measured systolic blood pressure divided

and normal ventricular function. The effects among

by left ventricular (LV) end-systolic volume. Next, the
authors performed a randomized crossover study in a

*Editorials published in JACC: Heart Failure reﬂect the views of the
authors and do not necessarily represent the views of JACC: Heart Failure
or the American College of Cardiology.
From the Electrophysiology Section, Division of Cardiology, Duke Uni-

subset of the HF patients from the ﬁrst phase to
assess whether exercise tolerance differed when CRT
devices were programmed to conventional rateresponse

parameters

versus

a

“tailored”

mode

versity Hospital System, Durham, North Carolina. Dr. Atwater has

where the maximum sensor rate did not exceed the

received research grants from Boston Scientiﬁc and Abbott; is a consul-

“critical” HR at which the force-frequency relation-

tant for Abbott; serves on the advisory boards of Medtronic and Biotronic;

ship became negative.

and is on the speakers bureau of Medtronic. Dr. Friedman has reported
that he has no relationships relevant to the contents of this paper to
disclose.

ISSN 2213-1779/$36.00

In the ﬁrst phase of the study, the authors
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Gierula et al. (3) should be congratulated on an
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