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Listening to Heart Rate for Myocardial Ischemic Site

Tatsuya Kawasakia, d, Akihiro Azumab, Toshiro Kuribayashic, Hiroki Sugiharaa

Abstract

We describe a 63-year-old woman with severe stenosis in the right 
coronary artery. During the recovery phase of exercise testing, the 
monitor sound of heart rate changed rhythmically in a delicate 
fashion. Heart rate variability analysis revealed the association of 
the rhythm fluctuation with transient vagal enhancement. This phe-
nomenon is known as Bezold-Jarisch reflex, which has been ex-
plained by the preferential distribution of cardiac receptors along 
afferent vagal pathways in the inferior wall of the left ventricle. Af-
ter coronary angioplasty, the examiner could not notice the fluctua-
tion of heart rate during the recovery phase of a restudy of exercise 
testing. Listening to heart rate fluctuation during exercise testing, 
although it may be rare, possibly helps examiners to estimate the 
site of ischemia to be in the inferior myocardium.
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Introduction

ST-segment depression during exercise testing is a simple 
and useful noninvasive indicator of myocardial ischemia in 
coronary heart disease, but it cannot provide reliable infor-
mation as to the site of myocardial ischemia [1]. We pres-
ent a patient with angina pectoris, in whom listening to the 

monitor sound of heart rate during exercise testing helped 
examiners to estimate the site of ischemia.

 
Case Report

A 63-year-old woman was referred to our hospital because 
of chest discomfort on exertion. Her symptoms had begun 3 
months before and worsened gradually, often occurred dur-
ing jogging early in the morning, and resolved within a few 
minutes after the cessation of exercise. She had hyperten-
sion, well controlled with Ca-antagonist and diuretics. She 
was a lifelong non-smoker and had no other coronary risk 
factors, e.g., diabetes mellitus or dyslipidemia.

On admission, blood pressure and heart rate were nor-
mal. Physical examinations, electrocardiogram, chest radio-
graph, and echocardiogram were unremarkable. She under-
went an exercise testing using a supine bicycle ergometer 
after all medications were withdrawn. The exercise workload 
began with 25 watts and was increased by 25 watts every 2 
minutes. At the stage of 75 watts she complained of chest 
discomfort along with ST-segment depression of 0.15 mV in 
leads V5 and V6, blood pressure of 210/94 mmHg, and heart 
rate of 117 beats per minute. The exercise was finished after 
1 minute cool-down period maintained at exercise grade of 
30 watts. After the peak workload was achieved, heart rate 
decreased gradually and her symptoms disappeared soon. 
The examiner noticed during the recovery phase that the 
monitor sound of heart rate was not regular but changed 
rhythmically in a delicate fashion; heart rate slowed down 
slightly and restored in a few seconds. The rhythm fluctua-
tion, persisting several minutes, was not an expression of an 
established arrhythmia visually on the electrocardiographic 
monitor. Coronary angiograms showed severe stenosis in the 
middle portion of right coronary artery. After coronary an-
gioplasty by means of coronary stent implantation, she had 
been free from chest symptoms. Half a year later, she under-
went coronary angiogram, showing neither in-stent resteno-
sis nor de novo lesion. During a restudy of exercise testing 
under the same condition, she attained the stage of 75 watts 
without any chest symptoms or ST-segment depression. Un-
like exercise testing 6 months before, the examiner could not 
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notice the fluctuation of heart rate during the recovery phase.
To examine the influence of autonomic nerve activity 

on the heart rate fluctuation, RR intervals were sampled at a 
frequency of 500 Hz and heart rate variability was analyzed 
using the archived data during exercise testing before and 
after coronary intervention. High frequency component (HF, 
0.15-0.40 Hz) and the coefficient of HF component variance 
(CCVHF), which is the square root of HF divided by the mean 
RR interval, were used in the estimation of vagal modulation 
from short-duration recordings [2, 3]. In the present case, 
HF and CCVHF before angioplasty reached the minimum 
already 2 minutes before the peak exercise and peak heart 
rate, and increased thereafter (Fig. 1, arrow heads), indicat-
ing transient vagal enhancement during the recovery phase. 
This unique response after exercise was not recognized after 
angioplasty.

Discussion
  
Acute inferior myocardial infarction often provokes transient 
bradycardia and hypotension. This phenomenon is known as 
Bezold-Jarisch reflex, which has been explained by the pref-
erential distribution of cardiac receptors along afferent vagal 
pathways in the inferior wall of the left ventricle [4]. We pre-
viously reported that the vagal modulation as assessed by HF 
and CCVHF was enhanced through exercise-induced myocar-
dial ischemia of the inferoposterior myocardium [5]. Thus, 
in the present case, the combination of vagal enhancement 
provoked by exercise-induced inferior ischemia and sustain-

ment of sympathetic activation after exercise possibly led to 
audibly perceptible heart rate fluctuation without bradycar-
dia or hypotension.

Miller et al. [6] reported that 7 patients with significant 
narrowing of the right coronary artery displayed sinus decel-
eration defined as ≥ 5 beats/min during exercise (possibly 
leading to the rhythm fluctuation as with our case) in ap-
proximately 40,000 consecutive exercise tests. Considering 
that far more numerous patients with right coronary lesions 
must have been included in the study by Miller et al. [6], the 
prevalence of sinus deceleration or the rhythm fluctuation 
during exercise testing may be very low even in patients with 
right coronary lesions. The present case indicates that care-
ful listening to heart rate fluctuation during exercise testing 
may provide additional information, i.e., the site of ischemia, 
although the fluctuation may not have a high sensitivity for 
myocardial ischemia of the inferoposterior myocardium.
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Figure 1. High frequency (HF) and coefficient of high frequency component variance (CCVHF), 
indexes of vagal activity, transiently increased during the recovery phase before angioplasty (arrow 
heads), with the unique increment being unclear after angioplasty.
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