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ABSTRACT

Objectives: Angina is a symptom of coronary artery disease (CAD). Modulation of cardiac autonomic tone
as assessed by heart rate (HR) variability (HRV) is found reduced in patients with CAD; myocardial ischemia,
myocardial infarction and some other cardiovascular diseases. Reduced HRV has been found associated with
sudden cardiac death in these CAD patients. Several patients present with anginal symptoms clinically in absence
of CAD or other diseases. The status of HRV is not much clear in these patients. Thus, we aimed to assess HRV
in patients with angina with and without myocardial ischemia and compare it with HRV of healthy subjects of
similar age groups and follow-up patients for 1 year for cardiac/health events.

Materials and Methods: The study included 61 consecutive male patients clinically presenting with angina and 30
healthy subjects. Based on Thallium-201 myocardial perfusion Single-photon emission computerized tomography
(SPECT) imaging, patients were divided into two groups; patients with myocardial perfusion defects (MPD),
(n = 33, age 54.91 + 7.43 years) and patients with no MPD (NMPD), NMPD (n = 28, age 53.04 + 8.50 years).
Short-term HRV was assessed in all patients and subjects in resting supine position following standard protocol.
All MPD and 25 NMPD patients could be followed up for 1 year for cardiac/health events.

Results: Surprisingly, the NMPD patients showed significantly reduced HRV, Standard deviation of the N-N
intervals, The square root of the mean squared differences of successive N-N intervals, Percentage of the number
of interval differences of successive N-N intervals greater than >50 ms divided by total number of R-R intervals,
low frequency (LF) power, High Frequency (HF) power and total power as compared to both MPD patients and
healthy subjects. (Total power [NMPD vs. MPD]: 610.1 [379.9-1072.8] vs. 1508.0 [748.4-2339.4] millisecond
squares (ms?), P = 0.001), healthy subjects (Total power: 1414.6 [1104.6-2141.5] ms? P = 0.001). The markers of
sympathetic tone; LF (normalised unit) and LF/HF ratio were higher in NMPD patients as compared to MPD
patients resulting in an altered sympathovagal balance. During a 1-year follow-up, sudden death was seen in one
MPD patient (3.1%) and two NMPD patients (8%).

Conclusion: The NMPD patients showed significantly reduced HRV as compared to both MPD patients and
Healthy subjects with an altered sympathovagal balance. Sudden death was also seen in NMPD patients as MPD
patients.
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INTRODUCTION

Angina is a symptom of coronary artery disease (CAD). It is a type of chest pain radiating to
the left arm, basically developed due to reduced oxygen supply to the cardiac tissue. Modulation
of cardiac autonomic tone as assessed by heart rate (HR) variability (HRV) is found reduced in
patients with ischaemic heart diseases (IHD).[*!
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The HRV is a non-invasive tool to assess beat-to-beat
variations in the HR that is, the beat-to-beat variations in the
R-R intervals. The beat-to-beat variations in HR are due to
continuous changes in the sympathetic and parasympathetic
outflow to the heart.”! Therefore, HRV has become a reliable
tool for the assessment of modulation of cardiac autonomic
tone. The HRV was also found reduced in patients with
uncomplicated CAD, particularly, vagal tone was found to be
reduced.” Furthermore, a decrease in HRV, in patients with
myocardial infarction (MI) was found to be associated with an
increase in cardiovascular-related morbidity and mortality.*>7!

Patients with IHD experience chest pain due to stimulation of
cardiac spinal afferents by chemical adenosine and bradykinin
released during ischaemia.’® The pain may also occur in the
shoulder, arm, neck, jaw or back. A set of investigations are
performed to diagnose IHD cases following American College
of Cardiology (ACC)/American Heart Association (AHA)
practice guidelines,” which include blood investigations, 12-
lead Electrocardiogram (ECG), treadmill test, thallium-201
myocardial perfusion SPECT imaging (T1-201 MPI) and
coronary angiography. The coronary angiography allows
visualisation of the site and extent of occlusion. It is an invasive
procedure. While the T1-201 MPI is a non-invasive procedure.
It is recommended as an investigation in patients with angina
for the detection of myocardial ischemia.*'” The T1-201 MPI
demonstrated a high degree of accuracy in determination of
presence, location and extent of [HD.!""' The T1-201 MPI was
also found to be sensitive for the detection of microvascular
angina in patients with transient ST-segment elevation in
treadmill tests and normal coronary angiography scans,*'" a
reduced HRV was reported in these patients of microvascular
angina.''®! Most of the published research showed that patients
clinically presenting with angina whether they had myocardial
ischaemia, MI or microvascular angina showed reduced HRV
that is, reduced modulation of cardiac autonomic tone.

There are several patients who clinically present with symptoms
like angina; however, on extensive investigations, they do not
have any objective evidence of myocardial ischaemia or other
known diseases. The status of HRV was not known in these
patients with angina with no cardiac and other diseases. We found
markedly reduced HRV and sudden death in a patient presenting
with anginal symptoms in absence of cardiovascular and other
diseases.!'” Thus, we aimed to assess short-term (HRV) in patients
with angina with and without myocardial perfusion defects (MPD)
and compared it with HRV of healthy subjects, and followed-up on
all patients for 1 year for cardiac or other health-related problems.

MATERIALS AND METHODS
Participants

The study included 61 consecutive male patients presenting
with angina, age 52.3 + 7.9 years. All patients were referred

from the department of cardiology of the institute after
appropriate clinical and laboratory investigations. Patients
with newly diagnosed or recurrent recent angina (<2 months)
were included in the study. They were on conventional
therapy (Ecospirin, statins, nitrates, beta-blockers and
calcium channel blockers).

Patients with unstable angina, MI (<3.5 years), cardiac
failure, bundle branch block, cardiomyopathy, frequent
ventricular ectopics or other arrhythmias, uncontrolled
hypertension, diabetes mellitus, chronic kidney diseases,
chronic respiratory diseases, thyroid dysfunction and
patients taking drugs other than conventional cardiac drugs,
smokers and alcoholics were excluded from the study.

Thirty healthy subjects with no systemic diseases, non-
smokers and non-alcoholics served as controls. They had
normal ECG and normal cardiovascular autonomic functions
as assessed by Ewings’ battery of tests.!'®!

The Ethics Committee of the institute approved the study
and written informed consent was taken from all participants
before their participation.

Study protocol

Short-term HRV of all patients was assessed in Autonomic
Function Lab, Department of Physiology of the institute
between 9:00 and 11:00 AM in a quiet room at room
temperature 25 + 1°C. Treatment of the patients was withheld
before the test (-blockers for 72 h, calcium channel blockers
and other drugs for 24 h). Patients avoided tea and coffee
for 24 h before the tests. A standardised proforma was used
to record the history of patients, demographic profile and
presence of any additional signs and symptoms.

All patients underwent stress-redistribution T1-201 MPI in
Nuclear cardiology Lab, Department of Nuclear Medicine of
the institute after assessment of HRV on the same day for the
assessment of myocardial perfusion. It was performed using
standard protocol of stress-redistribution T1-201 MPL!*20]
All patients underwent an exercise protocol on treadmill.
Images were acquired within 10-15-min post-exercise stress
using standard acquisition protocol of T1-201 MPI. Similar
protocol was used for acquiring redistribution images 3-4 h
after the exercise.

Patients were divided into two groups based on the results
of the TI-201 MPI; patients with perfusion defects (MPD,
n = 33) and patients with no perfusion defects (no MPD
[NMPD], n = 28).

All patients were followed up for 1 year for any cardiac or
other health problems. The patients maintained a diary
during the follow-up period for the episode of chest pain,
breathlessness, palpitations, tightness or heaviness in the
chest or any other health problem.
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Signal acquisition and processing for HRV

The ECG signals were acquired simultaneously
using  Nevrokard = Multichannel —Data  Acquisition
Software (ADC-8, Slovenia) at sampling rate of 500 Hz for
5 min in supine position after 15 min of supine rest. The
acquired signals of ECG were checked for presence of artefacts
and corrected following standard protocol. Recordings were
discarded if a large number of artefacts were present.

Signal analysis for HRV

The processed ECG signals were analysed using time-domain
and frequency-domain methods for HRV measures.
Parameters computed in time-domain methods were Standard
deviation of the N-N intervals (SDNN), The square root of
the mean squared differences of successive N-N intervals
(rMSSD), The proportion derived by dividing the number of
interval differences of successive N-N intervals greater than
50 ms by the total number of N-N intervals (pNN50) and
Coefhicient of variance of the R-R intervals (CoV).

In frequency-domain method, spectral powers of different
frequency components in HR were analysed using Fast
Fourier Transform algorithm. A Hanning window was
used and the power spectrum was subsequently plotted for
frequency bands very low frequency (VLF) (0.001-0.04 Hz);
low frequency (LF) (0.04-0.15 Hz); high frequency (HF)
(0.15-0.4 Hz) and for entire band total power (0.001-0.4 Hz).
The power was calculated as absolute power in millisecond
squares and normalised units (nu). Since VLF value is not
appropriate for the short-term analysis of HRV, it was not
considered for the present study.

Ejection fraction (EF) and other parameters of patients

EF was calculated from the post-stress gated images in T1-201
MPIL. The left ventricle was also assessed for the regional wall
motion abnormalities (if any). The total exercise duration
was noted for each patient and the rate pressure product
(RPP) was calculated at the maximum exercise during the
treadmill stress. The ST segment changes were evaluated
from ECG recorded during exercise. Post-stress EF >65%
was considered normal.

Statistical analysis

The general characteristics among three groups were
compared using one-way analysis of variance followed by
Bonferroni tests and data are expressed as mean + SD. The
normally distributed HRV parameters were compared using
analysis of covariance after adjustment for age, systolic blood
pressure (SBP) and HR and are expressed as adjusted mean
(95% Confidence Interval). The non-normally distributed
HRV parameters were compared using Kruskal-Wallis test
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followed by multiple comparisons and data are expressed
as median (inter-quartile range). P < 0.05 was considered
statistically significant. The data were analysed using Stata 9.1
(Texas, USA).

RESULTS

Baseline characteristics of MPD, NMPD, and healthy
subjects

All patients and healthy subjects were comparable in terms
of their height, weight, body mass index, diastolic blood
pressure and respiratory rate [Table 1]. Both groups of
patients had significantly higher SBP than healthy subjects.
The MPD patients had higher age range and NMPD patients
had higher HR than healthy subjects. However, all the
parameters were comparable between MPD and NMPD
patients [Table 1]. Comparison of parameters of HRV among
MPD and NMPD patients and healthy subjects was done
after adjustment for age, HR and SBP.

The HRV parameters of MPD, NMPD and healthy subjects

The time-domain parameters of HRV (CoV, SDNN, rMSSD
and pNN50) and the frequency-domain parameters of HRV
(spectral powers of LE, HF and total power) were significantly
lower in NMPD patients as compared to both MPD patients
and healthy subjects. The LFnu and LF/HF ratio was
significantly higher and HFnu was significantly lower in
NMPD patients than MPD patients, whereas, LFnu, HFnu
and LF/HF ratio were comparable between NMPD patients
and healthy subjects. All the time-domain and frequency-
domain parameters of HRV were comparable between MPD
patients and healthy subjects [Table 2].

EF and other parameters of the patients

The MPD patients had significantly lower EF (55.1 + 12.8 vs.
68.8+2.1,P=0.001) and RPP (22251.3 + 3153.1 vs. 24828.6 +
3919.7, P = 0.006) than NMPD patients. In 33 MPD patients,
19 (58%) patients had EF <65%, and 23 (70%) patients had
regional wall motion abnormalities, whereas in NMPD
patients none of the patients had EF <65% and none of the
patients had regional wall motion abnormalities. The exercise
durations between MPD patients and NMPD patients were
comparable (6.38 + 1.83 vs. 6.49 + 2.21, P = 0.839). In MPD
patients, 7 (21%) patients had ST segments depression
>2 mm, whereas none of the NMPD patients had ST
segments depression or elevation.

Events in MPD and NMPD patients during 1-year
follow-up period

Thirty-two patients in MPD group and 25 patients in NMPD
group were followed-up for 1 year. One (3.1 %) patient in
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Table 1: General characteristics of MPD and NMPD patients and healthy subjects.

Angina patients MPD versus MPD versus NMPD versus

P — MPD (n=33) NMPD (n=28) Healthy subjects NMPD patients  Healthy subjects  healthy subjects
(mean+SD) (mean+SD) (n=30) (mean*SD) P, P, Py

Age (years) 54.9+7.4 53.0+8.5 48.8+6.8 NS 0.010 NS

Height (cm) 167.4+5.6 165.4+6.8 165.6+6.3 NS NS NS

Weight (kg) 68.9+8.4 66.9+12.4 66.4+8.2 NS NS NS

Body mass index 24.6+2.6 24.4+4.0 24.2+2.5 NS NS NS

(kg/m?)

Systolic blood 123.0£12.6 127.1£17.2 113.2+10.6 NS 0.024 0.001

pressure (mmHg)

Diastolic blood 79.416.4 79.6+8.7 77.2+5.8 NS NS NS

pressure (mmHg)

Heart rate (bpm) 68.7+10.0 73.7+12.2 64.7+5.6 NS NS 0.002

Respiratory rate 17.0£2.9 17.3+4.2 17.0£3.8 NS NS NS

(breath/min)

No significant difference

MPD: Myocardial perfusion defects, NMPD: No myocardial perfusion defects, SD: Standard deviation. P<0.05 was considered as statistical significance, NS:

systolic blood pressure.

Table 2: Comparison of parameters of HRV among MPD and NMPD patients and healthy subjects after adjustment for age, heart rate and

Angina patients MPD versus MPD NMPD
Parameters of HRV MPD (n=33) NMPD (n=28) Healthy subjects NMPD NAELSLS Versus
mean (95% CI) mean (95% CI) (n=30) mean (95% CI) P atients P, healthy healthy
subjects P, subjects Ps
Time domain parameters
CoV (%) 4.4 (4.0-4.8) 3.4 (2.9-3.9) 4.6 (4.2-4.1) 0.001 NS 0.001
SDNN (ms) 39.0 (35.3-42.6) 29.4 (25.3-33.6) 40.0 (36.0-44.1) 0.001 NS 0.001
rMSSD (ms) 30.6 (27.0-34.2) 20.2 (16.1-24.3) 29.3 (25.37-33.3) 0.001 NS 0.004
*PNN50 (%) 3.7 (1.4-9.7) 0.3 (0-1.9) 5.4 (1.4-7.4) 0.001 NS 0.001
Frequency domain parameters
*LF power (ms?) 375.1 (262.4-508.8)  158.4 (79.1-296.5)  454.0 (317.7-681.4) 0.006 NS 0.004
*HF power (ms?) 293.9 (163.7-665.0)  138.0 (77.1-207.4)  287.8 (217.5-594.6) 0.001 NS 0.014
*Total power (ms?) 1508.0 (748.4-2339.4) 610.1 (379.9-1072.8) 1414.6 (1104.6-2141.5) 0.001 NS 0.001
HF (nu) 46.6 (41.0-52.2) 38.5(32.2-44.9) 37.8 (31.6-44.0) 0.013 NS NS
LF (nu) 46.3 (40.7-52.0) 55.3 (48.9-61.8) 53.7 (47.5-60.0) 0.037 NS NS
*LF/HF ratio 0.9 (0.5-1.4) 1.9 (0.9-2.8) 1.5 (0.9-2.6) 0.015 NS NS

HRV: Heart rate variability, CoV: Coeflicient of variance, SDNN: Standard deviation of the R-R intervals, rMSSD: The square root of the mean squared
differences of successive R-R intervals, pPNN50: Percentage of the number of interval differences of successive R-R intervals >50 ms divided by total number
of R-R intervals, LF: Low frequency, HF: High frequency, nu: normalized unit, MPD: Myocardial perfusion defects, NMPD: No myocardial perfusion
defects, ms* Millisecond squares, CI: Confidence interval. P<0.05 was considered as statistical significance, NS: No significant difference. *Compared using
Kruskal-Wallis test followed by multiple comparisons and data are expressed in median (inter-quartile range)

MPD group and 2 (8 %) patients in NMPD group died during
the follow-up period (statistically no significant differences).
The MPD patient who died was of 62-years-old, had an EF
of 58% with fixed perfusion defects in the entire inferior wall
extending up to distal inferoapical region, and he suffered
from viral fever before the death. The two NMPD patients
who died were 40 and 43-years-old, post-stress EFs were 69%
and 68%, respectively, RPP was higher in both the patients.
Both the patients had no wall motion abnormality, no ST
changes, and no signs of neurological or other diseases. No
obvious symptoms other than restlessness and nervousness

Indian Journal of Physiology and Pharmacology « Volume 67 « Issue 1 « January-March 2023 |

were reported in both the patients before 4-5 h of death.
Both patients died after mid night.

DISCUSSION

The study assessed the modulation of cardiac autonomic tone
using HRV in patients clinically presenting with angina with
MPD and with NMPD and compared them with the HRV
of healthy subjects. The major findings of the study were
(1) The HRV of MPD patients and healthy subjects were
comparable, (2) The NMPD patients had reduced overall
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HRYV as compared to both MPD patients and healthy subjects
and (3) Sudden death within 1 year was seen in both MPD
(3.1%) and NMPD (8%) patients.

In the present study, both time-domain and frequency-
domain parameters of HRV of MPD patients were
comparable to healthy subjects. Similar results were reported
in a study by Adamopoulos et al.,? in which HRV of
patients with CAD was comparable to healthy subjects.
However, Wennerblom ef al.l?! reported a reduction in vagal
tone in patients with CAD as compared to healthy controls.
The differences in results may be due to differences in the
study population and other factors. In this study, females
and smokers were also included and 24-h Holter recording
was performed for HRV, while in the present study only male
patients with no other diseases and no history of smoking or
alcohol intake were included in the study. Short-term HRV
for 5 min was recorded under laboratory conditions. These
factors may have affected the results.

In contrast, in the present study, the NMPD patients
showed reduced HRV parameters (rMSSD, pNN50 and HF
powers) as compared to both MPD patients and healthy
subjects. The rMSSD, pNN50 and HF power are considered
the markers of parasympathetic tone.”! Thus, the results
revealed the decreased parasympathetic tone in NMPD
patients. Similarly, NMPD patients showed reduced other
HRV parameters (CoV, SDNN, LF power and total power) as
compared to both MPD patients and healthy subjects. These
CoV, SDNN and total power are considered the markers of
modulation of overall cardiac autonomic tone and the LF
power is considered the marker of both sympathetic and
parasympathetic tone. Thus, these results revealed decrease
in modulation of overall cardiac autonomic tone in NMPD
patients.

The HFnu, a marker of parasympathetic tone, was lower in
NMPD patients whereas, LFnu and LF/HF ratio, which are
markers of sympathetic tone and sympathovagal balance,
respectively,® was found to be higher in NMPD patients as
compared to MPD patients, whereas the NMPD patients and
healthy subjects had comparable HFnu, LFnu and LE/HF ratio.

These results revealed that as compared to MPD patients
NMPD patients had not only reduced modulation of
overall cardiac autonomic tone and parasympathetic tone,
but the sympathovagal balance was also shifted towards
sympathetic predominance as has been shown in patients
after acute ML About 8% of NMPD patients had sudden
death during 1-year follow-up in absence of any specific
abnormality. Steg et al.? found about 9.1% of patients
clinically presenting with anginal symptoms had no evidence
of ischemia. The risk of cardiovascular-related deaths or non-
fatal MI occurred greater in those patients than in patients
with ischemia alone. It may be due to reduced HRV. The
reduced HRV is associated with sudden death.®! Recently,

we reported severe cardiac dysautonomia and sudden death
in a patient presenting with anginal symptoms in absence of
cardiovascular and other diseases.!'”!

The burning question is why these NMPD patients experience
angina in absence of myocardial ischaemia and other known
systemic diseases and they have risk of sudden death. It may
be due to decrease in HRV. Possibly, coronary blood flow and
other cardiovascular functions are not adequate to meet the
demand of the body during exertion/stress due to reduced
modulation of autonomic tone. Thus, lactic acid and other
metabolites accumulate in the myocardium, which stimulates
cardiac sympathetic afferent fibres that is, nociceptive fibres
in the heart and patients develop angina in absence of CAD.
In addition to this, stimulation of cardiac afferents reflex tries
to enhance sympathetic activation causing increased HR and
cardiac contractility. However, modulation of overall cardiac
autonomic tone is already reduced in these patients. Thus,
possibly it is not compensated appropriately and ultimately
cardiac tissues become fatigued and function abnormally
towards the ventricular fibrillation and sudden death.
The above proposed mechanisms are supported by some
experimental studies.

In animal experiments lactic acid and other metabolites,
stimulated cardiac sympathetic c-fibre afferents to a
greater extent.*?! In another study, in sham rats, acute
cardiac sympathetic afferent reflex activation by epicardial
application of bradykinin increased HR and myocardial
contractility.?

In human study, Fallen et al® studied cardiac energy
metabolism in response to stress in three groups of patients
with aortic stenosis. (1) Patients with aortic stenosis without
angina or CAD showed normal increase in coronary flow,
decreased myocardial oxygen extraction and no myocardial
lactate production in majority of patients (85%), which
suggested that energy supply was adequate to the demand; (2)
Patients with aortic stenosis with angina but no CAD showed
insignificant increase in coronary flow, increased myocardial
oxygen extraction in about 60% of patients and abnormal
glycolysis in all patients, which suggested that compensatory
mechanisms were not adequate and (3) In aortic stenosis
with angina and CAD, coronary flow increased normally,
myocardial oxygen extraction decreased normally, but
abnormal lactate metabolism occurred in most patients. That
suggested adequate overall coronary reserve but evidence of
regional ischemia. In case of cardiac ischaemia, sympathetic
activation is pro-arrhythmic for ventricular fibrillations
leading to sudden death.””

Further studies are needed for the exploration of other
underlying mechanisms to explain the development of
anginal symptoms in patients presenting with angina with
NMPD s and other known diseases. It will also help the
management of such patients.
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CONCLUSION

In the present study, MPD patients showed comparable
cardiac autonomic tone to healthy subjects. In contrast, the
NMPD patients showed reduced parasympathetic and overall
cardiac autonomic tone as compared to both MPD patients
and healthy subjects and altered sympathovagal balance in
comparison to MPD patients. Surprisingly, sudden death
was seen in NMPD patients similar to in MPD patients.
A comprehensive study is required to identify the key factors
leading to the autonomic neural derangement and sudden
death in NMPD group of patients and their management.
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