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EVALUATION OF SYSTOLIC TIME INTERVALS W}_&S_W CARDIAC AUTONOMIC
FUNCTION AMONG MALE ISCHEMIC HEART DISEASE PATIENTS ABSTRACT Background and Objectives: Ejection fraction
measurements are used to examine the systolic mmmmmmu). Due to the ease of measurement,
systolic time intervals (STI) are ideally suitable for studying LV performance. Heart rate variability (HRV) riation i
heart rate from beat to beat and is a crucial method for examining Mm_gf_ﬂmy&gﬂgm_nmﬁﬁsgm of the
heart. Ischemic heart disease (IHD) patients are frequently thought to be in a sympathetically predominant state.
Percutaneous coronary intervention (PCI) for the management of myocardial ischemia may help to regain autonomic balance.
Hence, this study was planned to gauge STI and HRV measures, after PCIL in patients with IHD. Materials and Methods: A
total of 229 male IHD patients listed for coronary angiography were enrolled. Among them, 197 male IHD patients (aged
54.09 * 11.75 years) were included in this study. Out of the included 145 patients went through PCI. In accordance, to
calculate the STI [pre-ejection | period (PEP), Left ventricular €j jection time (LVET), and the total electro- mechanical systole
(QS2)] 2D and pulsed-Doppler echocardiogram recording was done. In addition, fifteen minutes of ECG recording was
completed to measure HRYV indices [root mean square deviation of N-N intervals (SDNN),_root-mean-square variations of
consecutive N-N m&cﬂalﬂﬂﬂsiﬂ).]_anﬂ_mMYM[MQQ&MYJLELPM&MQM&QMYJHD_

power (TP)], subsequently, mentioned HRV indices were procured. Pre- and post-PCI measurements were done for each
parameter. Results: On admission, PEP and PEP/LVET ratios were higher when compared to 24h post-PCI. LVET increased in
24h post-PCI and sustained at 6 months when compared to the values obtained on admission. Besides, QS2 increased at 24h
post-PCI and decreased at 3-month which did not reach baseline even after 6 months of follow-up. In addition, admission
SDNN, rMSSD, TP, LF, HF, and HFnu values were higher when compared to 24h post-PCI with the LFnu and LF/HF ratios being
lesser. Further, when compared to 24h post-PCI HRV values, there was a rise in SDNN, rMSSD, LF power, HF power, and HFnu
with a fall in LFnu and LF/HF ratios at 3- and 6-month post-PCI which did not reach admission values even after 6-months
following revascularisation. Further, Major adverse cardiac events (death and re-acute myocardial infarction) occurred in 12
out of 197 IHD patients, during @ follow-up of six months. On correlation analysis, measures of STI correlated well with HRV.
Further on regression analysis, these modifications in neurocardiac regulation measurements were connected with risk
variables and medicines. Conclusion: Present study could efficiently evaluate STI and HRV. Findings suggest that patients
with IHD who underwent PCI infer altered cardiac autonomic balance with this surgical procedure. Yet there was a gradual
reversal of sympathetic dominance and restoration of parasympathetic tone on follow-up. The present study still has
limitations regarding HRV's subsequent sensitivity and specificity. Particularly, it has a modest specificity (61% to 73%) and a
higher sensitivity (43% to 86%). Hence, this method might have impending applications in the management of IHD.
Additionally, these measures possibly are potentially used as prognostic tools in future studies. INTRODUCTION Coronary
artery disease (CAD) is a major health crisis that affects nearly half the middle-aged people and accounts for approximately
to one-third of all deaths. (Prabhakaran D et al. 2016) The leading causes of cardiovascular disease (CvD) mortality inIndia
are ischemic heart disease (IHD) and cerebrovascular accidents, which account for more than 80% of all CVD deaths. Heart
failure may not develop as quickly if the right therapy is started early. (Reddy S et al. 2010) The term CAD Is also called as
coronary heart disease. Ischemic heart disease results because of the reduced blood flow to the cardiac muscle due to
atherosclerosis in the coronaries. (Lewis RP et al. 1970, Takase B et al. 1992, Weissler AM et al. 1968) Coronary artery
disease comprises of angina pectoris, crescendo angina, heart attack, and sudden cardiac death. (Weissler AM et al. 1977)
S_VME_Ti_rng_lmgmli (STI) measurement is a well-known non-invasive technique for the quantitative assessment of left
ventricular (LV) functioning (Hassan S, Turner P 1983) in health and disease; remains important for clinical use (Lewis RP et
al. 1970) and forms no burden to the subjects. (Takase B et al. 1992) Intervals in the cardiac cycle can be defined with the 2
concurrent mgmm,m carotid artery pulse tracing, electrocardiogram. (Lewis RP et al. 1970,
Takase B et al. 1992, Weissler AM et al, 1968, Weissler AM et al, 1977) Sometimes, methodological issues with recording
phonocardiograms or indirect carotid pulses preclude the identification of STIs. Currently, most diagnostic facilities offer a
non-invasive and safe aortic valve echocard STI is measured using the current approach, which also
employs 2D echocardiography and pulsed-Doppler imaging to appraise the left ventricular systolic performance. “Heart rate
variability (HRV) is the beat-to-beat difference in heart rate and it occurs as a result of the active influence of the
sympathetic and parasympathetic nerve fibers on the Sinoatrial node”. (Kuzemczak M et al. 2016, Compostella L et al. 2017)
It is a crucial non-invasive instrument for researching the activity of the involuntary nervous system in the heart.11 Higher
heart rate variability indicates good compliance with environmental and physiological requirements while lower heart rate
variability shows the probable occurrence of cardiovascular threat.11 “Additionally, the vast majority of investigations
revealed that the relationship between HRV and mortality was higher when parameters were assessed within the first two
weeks following a MI, and few time-domain indices still had predictive significance six months after the end of the study
period. A drop in HRV has been found to be a potent and independent predictor of death following ST-segment elevation
acute myocardial infarction (STEMI). The predictive significance of HRV indices evaluated 24h after percutaneous coronary
intervention (PCI), however, is less well understood. Hence, to assess the sensitivity, specificity, and predictive value of the
HRV evaluated 24h post-PCI in predicting the occurrence of major adverse cardiac events (MACE) in patients with acute
coronary syndrome (ACS) was the goal of this study in light of the foregoing.” (Pernaje Seetharam S et al. 2022) Further, we
investigated patients’ quality of life mgw(wmmmy_gmnm. (Ware J, Sherbourne cD
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ABSTRACT
Background and Objectives: Evaluation of Left ventricular (LV) systolic function is based
on ejection fraction assessment. Due to the ease of measurement, systolic time intervals (STI)
are ideally suitable for studying LV performance. Heart rate variability (HRV) is the variation
in heart rate from beat-to-beat and is a crucial non-invasive method for examining the
function of the autonomic nerve system of the heart. Ischemic heart disease (IHD) patients
are frequently thought to be in a sympathetically predominant state. Percutaneous coronary
intervention (PCI) for the treatment of myocardial ischemia may help to regain autonomic
balance. Hence, this study aimed to evaluate STI and HRV measures, after successful

revascularisation by PCI among IHD patients.

Materials and Methods: A total of 229 consecutive male IHD patients with acute coronary
syndrome planned for coronary angiography were recruited. Among them, 197 patients (aged
54.09 + 11.75 years) were included in this study. Out of the included 145 patients underwent
PCI. In accordance, to calculate the systolic time intervals [pre-ejection period (PEP), and LV

ejection time (LVET), and total electro-mechanical systole (QS;)] 2D and pulsed-Doppler

echocardiography was performed. In addition, fifteen minutes of ECG recording was done to

measure short-term HRV indices and time- [root mean square deviation of N-N intervals
(SDNN), root-mean-square of consecutive N-N intervals variations' (rMSSD)] and
frequency-domain [low-frequency (LF) power, high-frequency (HF) power and total power
(TP)] HRV indices were evaluated. Pre- and post-PCI measurements were taken for each
measurement. Further, the Short Form-12 health survey questionnaire has been used to

examine patients' quality of life (QoL) post-PCI.




Results: On admission, PEP and PEP/LVET ratios were higher when compared to 24h post-
PCI. LVET increased in 24h post-PCl and sustained at 6 months when compared to the
values obtained on admission. Besides, QS; increased at 24h post-PCl and decreased at 3-
month which did not reach baseline even after 6 months of follow-up. In addition, admission
SDNN, rMSSD, TP, LF, HF, and HFnu values were higher when compared to 24h post-PClI
with the LFnu and LF/HF being lesser. Further, when compared to 24h post-PCI HRV
values, there was an increase in SDNN, rMSSD, LF, HF, and HFnu with a decrease in LFnu
and LF/HF at 3- and 6-month post-PCI which did not reach baseline even after 6-months
following revascularisation. Further, major adverse cardiac events (death and re-acute MI)
occurred in 12 (6.1%) out of 197 IHD patients, during a follow-up of six months. When
compared to the SF-12 mental component score, which over time appears to improve without
achieving statistical significance, physical component score was found to have significantly

improved. We discovered a substantial positive connection between left ventricular ejection

fraction and QoL among ACS patients who had not experienced a MACE. Also, on

correlation analysis, measures of STI correlated well with HRV. Further on regression
analysis, these modifications in neurocardiac regulation measurements were connected with

risk variables and medicines.

Conclusion: Present study could efficiently evaluate STI and HRV. Findings suggest that
patients with IHD who underwent PCI infer altered cardiac autonomic balance with this
surgical procedure. Yet there was a gradual reversal of sympathetic dominance and
restoration of parasympathetic tone on follow-up. The present study still has limitations
regarding HRV's subsequent sensitivity and specificity. Particularly, it has a modest
specificity (61% to 73%) and a higher sensitivity (43% to 86%). Hence, this method might
have impending applications in the management of IHD. Additionally, these measures

possibly are potentially used as prognostic tools in future studies.
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INTRODUCTION

Coronary artery disease (CAD) is a major health crisis that affects nearly half the middle-
aged people and accounts for approximately one-third of all deaths. (Prabhakaran D et al.
2016) Ischemic heart disease (IHD) and stroke are the predominant causes and are
responsible for more than 80% of cardiovascular disease (CVD) deaths in India. Initiation of
appropriate therapy at early stages may delay the development of heart failure. (Reddy S et

al. 2010)

The term CAD is also called coronary heart disease (CHD) or IHD. Ischemic heart disease
includes the reduction of blood flow to the cardiac muscle due to atherosclerosis in the
coronary arteries. (Lewis RP et al. 1970, Takase B et al. 1992, Weissler AM et al. 1968)
Coronary artery disease comprises stable angina, unstable angina, myocardial infarction, and

sudden cardiac death. (Weissler AM et al. 1977)

Systolic Time Intervals (STI) measurement is a well-known non-invasive technique for the
quantitative assessment of left ventricular (LV) functioning (Hassan S, Turner P 1983) in
health and disease; remains important for clinical use (Lewis RP et al. 1970) and forms no
burden to the subjects. (Takase B et al. 1992) Intervals in the cardiac cycle can be defined
with the concurrent recording of the heart sounds, the carotid artery pulse tracing, and the
electrocardiogram. (Lewis RP et al. 1970, Takase B et al. 1992, Weissler AM et al. 1968,
Weissler AM et al. 1977) Methodological difficulties in recording phonocardiogram or
indirect carotid pulse at times prevent determination of the STIs. Aortic valve
echocardiogram represents a non-invasive and harmless technique, currently available in
most diagnostic centers. The current method uses electrocardiography, 2D-echocardiography,
and Pulsed-Doppler imaging, to measure STI and hence, to assess LV systolic function.

(Reant P et al. 2010)
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Heart rate variability (HRV) is the beat-to-beat difference in heart rate and it occurs as a
result of the active influence of the sympathetic and parasympathetic nerve fibers on the
Sinoatrial node. (Kuzemczak M et al. 2016, Compostella L et al. 2017) It is a vital non-
invasive tool to study cardiac autonomic nervous system activity."* Higher HRV indicates
good compliance with environmental and physiological requirements while lower HRV

shows the probable occurrence of cardiovascular threat.'

“Controversies exist regarding HRV measures to assess cardiac autonomic function.
Alternatively, pre-ejection period a component of STI may help in assessing cardiac
sympathetic activity to accompany the cardiac parasympathetic activity of HRV (HF-HRV).”
(Michael S et al. 2017) In this regard, we hypothesized that monitoring of systolic time
intervals and heart rate variability may be a helpful non-invasive, cost-effective approach to
explore cardiac autonomic function among ischemic heart disease patients with acute

coronary syndrome before and after successful percutaneous coronary intervention.

The autonomic behavior of males and females are different (Korobka IE et al. 2017) and can
be influenced by different phases of the menstrual cycle. Hence in this study, we have

planned to recruit only male subjects.

Further, we investigated patients’ quality of life using the Short Form-12 (SF-12) health
survey questionnaire. (Ware J, Sherbourne CD 1992, Melville MR et al. 2003, Failde I et
al. 2009) “The SF-12 questionnaire consists of eight health concepts representing physical
functioning; role-limitations due to physical health problems, bodily pain, general health,
energy/fatigue, social functioning, role-limitations due to emotional problems, and mental
health. The 12 questions in this instrument assess health-related quality of life (HRQoL) in

the past four weeks, producing two different 0-100 scores namely physical component (PCS)
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and mental component (MCS) scores. The results of the SF-12 with a higher score indicate a

better quality of life.” (Ware J, Sherbourne CD 1992)

“The vast majority of investigations revealed that the relationship between HRV and
mortality was higher when parameters were assessed within the first two weeks following an
MI, and few time-domain indices still had predictive significance six months after the end of
the study period. A drop in HRV has been found to be a potent and independent predictor of
death following ST-segment elevation acute myocardial infarction (STEMI). The predictive
significance of HRV indices evaluated 24h after percutaneous coronary intervention (PCI),
however, is less well understood. Hence, to assess the sensitivity, specificity, and predictive
value of the HRV evaluated 24h post-PCI in predicting the occurrence of major adverse
cardiac events (MACE) in patients with acute coronary syndrome (ACS) was the goal of this

study in light of the foregoing.” (Pernaje Seetharam S et al. 2022)
CORONARY CIRCULATION
Two major arteries arise from the root of the aorta just above the aortic valve.*®

a. Right Coronary Artery: Provides blood to the right atrium, right ventricle, SA, AV

nodes, and sometimes part of posterior LV.*?

b. Left Coronary Artery: Branches into left anterior descending and circumflex arteries.

Supplies LA, LV, septum.®

In 50% of individuals, the right coronary artery has a greater flow (right dominance); the left
coronary has a greater flow in 20% (left dominance), and the flow is equal in 30% (Co-
dominance). The coronary sinus and anterior cardiac veins, which drain into the right atrium,
return the majority of venous blood to the heart. In addition, the arteriosinusoidal vessels,

thebesian veins; and a few arterioluminal vessels drain directly into the cardiac chambers.*?
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Fig 2 a-b. Coronary arteries and their principal branches.?® OM: obtuse marginal; PDA:
posterior descending artery; RCA: right coronary artery.

CARDIAC CYCLE

The cardiac cycle refers to the sequence of events that occur from the start of one heartbeat
to the start of the next. The cardiac cycle consists of diastole, a time of rest during which the

heart fills with blood, followed by systole, a period of contraction.*

Ejection fraction® is the percentage of the end-diastolic volume that is ejected, which is

normally around 60%.
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Fig 3. Cardiac Cycle®

AUTONOMIC NERVOUS SYSTEM

The cardiovascular system is under the control of the autonomic nervous system (ANS).
Short-term control of heart rate and blood pressure in everyday situations is done by the
ANS. Heart rate is under the control of two branches of the autonomic nervous system: the
parasympathetic and sympathetic nervous systems. Parasympathetic (vagal) modulation
releases the hormone acetylcholine to decrease the heart rate and cardiac contractility,
whereas, the activity of the sympathetic branch releases the hormone - epinephrine and

norepinephrine to accelerate the heart rate and regulates peripheral vasoconstriction.*

Balanced cardiac ANS function is based on strong parasympathetic and efficient sympathetic
modulation of the heart. Effective ANS modulation has been linked with reduced risk of

cardiovascular complications.®
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PATHOPHYSIOLOGY OF MYOCARDIAL INFARCTION

A heart attack results when an artery to the heart muscle becomes completely blocked and the
heart muscles fed by that artery die. When the blood supply to a portion of the myocardium is
cut off, the myocardium undergoes dramatic changes that result in irreversible changes and

the death of muscle cells.*

Atherosclerosis with
blood clot

Spasm

Fig 5. Coronary artery disease
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Signs and symptoms
Symptoms: Chest pain (angina), weakness, lightheadedness/fainting, nausea, a cold clammy

skin, pain or discomfort in the arms or shoulders, and dyspnea.”

Risk factors associated with ischemic heart disease
Physical inactivity, (Lee IM et al. 2012) history of (H/O) cigarette smoking or current

29,58

smoker: 1/5/10 cigarettes/day. H/O alcohol consumption or current alcoholic: >5 units

(One unit equals 10 ml or 8 g of pure alcohol, which is around the amount of alcohol the

average adult can process in an hour) of alcohol daily sustained for 3 months duration.>*

Modifiable risk Factors associated with IHD

Elevated blood pressure of 140/90 mmHg or higher, Hypercholesterolemia and elevated
triglycerides with high LDL cholesterol over 100 mg/dL and low HDL cholesterol under 40
mg/dL, Hyperglycemia with HbAlc >7.0, Being overweight (BMI: 25-29 kg/m?) or being

obese (BMI >30 kg/m?), Uncontrolled stress or anger, and Unhealthy Diet.*

Non-modifiable risk factors associated with IHD

Coronary artery disease’ is more likely to occur especially after 65 years of age. Men have a
greater risk of heart attack than women and men have heart attacks earlier in life than women.
However, beginning at age 70, the risk is equal for men and women with the family H/O
CHD or other atherosclerotic vascular diseases at an early age (Men <55 years). Further risk
of developing heart disease is higher if one has a parent with H/O heart disease, especially if

they were diagnosed before age of 50.
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DIAGNOSIS
Myocardial infarction® is defined by elevated cardiac biomarkers (Troponin | or CK-MB)

with a rising or falling tendency and at least one of the following:

Ischemic symptoms, electrocardiogram changes such as ST-segment changes, new bundle
branch block or pathologic Q waves, and changes in heart wall motion (presence of regional
wall motion abnormality) on imaging.

Types

An acute coronary syndrome is usually diagnosed in the emergency room, when ECGs may
be conducted in order to identify "evolving alterations” (indicating continued damage to the
cardiac muscle). The ECG is extremely helpful in diagnosing and finding infarctions.*® If
ECG shows elevation of the "ST segment”, which in the setting of intense typical angina is
strongly suggestive of acute myocardial infarction and is referred to as a STEMI (ST-
elevation MI). This is treated as an emergency with both immediate coronary angiography
and percutaneous coronary intervention (angioplasty with or without stent placement) or
thrombolysis, depending on what is available. In case of a lack of ST-segment elevation,
heart damage is identified by the presence of cardiac markers. Then the chest discomfort is
attributed to a "non-ST elevation MI" (NSTEMI) if there is a sign of damage (infarction).
When there is no sign of damage, the term "Unstable angina™ is used. This process usually
warrants hospital admission and close monitoring in a coronary care unit for probable

complications, such as cardiac arrhythmias.

Cardiac biomarkers and their importance
Different biomarkers are used to define the presence of cardiac muscle damage. Troponins,
measured through blood tests, are thought to be the best because they are more sensitive and

specific than other tests at detecting damage to the heart muscle.
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Other tests, such as CK-MB or myoglobin, are not advised. For acute myocardial injury, CK-
MB is not as specific as troponins, and they could be elevated with previous cardiac surgery,
inflammation, or electrical cardioversion; it increases within 4 to 8 hours and comes back to

normal within 2 to 3 days.
Troponin-I

Troponin-1 is a class of cardiac and skeletal muscle proteins. It is a useful marker in the
laboratory diagnosis of a heart attack. The paralog which is expressed in human cardiac
muscle is Cardiac troponin | (cTnl), TNNI3. The reference range of troponin in healthy
persons is very low or undetectable. When troponin levels exceed the reference range, it
indicates that your cardiac muscle cells are injured and are leaking troponin into the
bloodstream. According to the American Board of Internal Medicine, the reference ranges for
the troponin test are expressed in nanograms per milliliter (ng/mL). Hence the reference
range of Troponin | is 0 - 0.04 ng/mL. Within three to twelve hours following a heart attack,
troponin levels often significantly rise and peak around 24 hours later. They will continue to

rise for several days as well.”

CK-MB or myoglobin
The CK-MB test also referred to as the CPK-MB test (creatine phosphokinase-MB), is a
cardiac marker used to help detect acute myocardial infarction, myocardial ischemia, or

myocarditis.’

Electrocardiography

Electrocardiography is the graphical recording of the heart's electrical activity. The three
main components of an ECG are: The P wave, which represents atrial depolarization; the
QRS complex, which represents ventricular depolarization; and the T wave, which denotes

repolarization of the ventricles. Ischemia or NSTEMIs could manifest as ST-segment

Page 11



depression or T wave inversions. The earliest sign of STEMIs is hyperacute T waves, peaked
T waves owing to local hyperkalemia in myocardial ischemia. This then progresses over a
period of minutes indicated by the elevations of the ST-segment by at least 1 mm. Over a
period of hours, a pathologic Q wave possibly will appear and the inversion of T wave will be
there. Over a period of days, the resolution of ST-elevation will happen. Pathologic Q waves
usually remain forever. The location of ST-elevation in a STEMI can be used to pinpoint the
coronary artery that has been blocked. The anterior wall of the heart is supplied by the left
anterior descending artery, and therefore roots ST-elevations in anterior leads (V1 and V2).
The left circumflex artery supplies the lateral part of the heart and hence causes ST-elevations
in lateral leads (I, aVL, and V6). The inferior aspect of the heart is supplied by the right

coronary artery, and consequently causes ST-elevations in inferior leads (I1, 111, and aVF).®

Transthoracic Echocardiography

The transthoracic echocardiogram uses ultrasound to create a still or moving image of the
heart's interior structures. In this instance, several images of the heart are obtained by placing
the probe (or ultrasonic transducer) on the subject's chest. It serves as a non-invasive way to
evaluate a patient's heart's overall health, including the condition of their heart valves and the
strength of their heart muscle contraction (an indicator of the ejection fraction). The pictures

are recorded after being shown in real-time on a monitor.°

Blood flow can be improved by placing a stent within the vessel to expand the lumen, using
intracoronary balloon angioplasty to stretch the vessel open, and bypassing the diseased

vessel with a vascular graft (coronary artery bypass grafting).
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Fig 6. Rotational burr, Balloon angioplasty and stent placement
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. Monitoring of systolic time intervals (STI) and heart rate variability (HRV)*® © may
be a valuable, non-invasive, and cost-effective approach to investigating cardiac
autonomic function among ischemic heart disease (IHD) patients with acute coronary

syndrome.

. Correlation between STI and HRV to evaluate cardiac autonomic function among

IHD patients’ needed attention.

. Initiation of appropriate therapy at the early stages of IHD may delay the development

of heart failure. (Reddy S et al. 2010)

. There was a need to understand the effects of IHD on health-related quality of life

(Bahall M, Khan K 2018) among post-PCI patients.
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Prabhakaran D et al. 2016 reported that cardiovascular illness has now become the
leading cause of death in India. The Global Burden of Disease study guess of the age-
standardized cardiovascular disease death rate of 272 per 100,000 people in India is more
than the global average of 235 per 100,000 people. Some aspects of the cardiovascular
defect outbreak in India are notable elements of concern, including its accelerated
upsurge, the early age of disease inception in the population, and the elevated case fatality

rate.

Reant P et al. 2010 studied the usefulness of STI measurement by the pulsed-Doppler
echocardiography among 134 heart failure (HF) patients and 43 control subjects to
evaluate LV systolic function based on ejection fraction assessment. Furthermore, with
increasingly changed LVEF, PEP was significantly prolonged, whereas LVET
significantly decreased, resulting in a significantly prolonged PEP/LVET. In patients with
HF, a correlation between PEP/LVET and LVEF was found (r = 0.55). Based on ROC
curve analyses, the area under the curve was found to be 0.91 for PEP/LVET >0.43,
which allowed authors to detect LVEF <35% with a sensitivity of 87% and a specificity
of 84%. In addition, the authors observed that this method has a potential role in the

management of HF patients.

Failde et al. 2009 studied health-related QoL (HRQL) in 186 patients with ischemic
cardiopathy, using the SF-36 and SF-12. The mean scores observed were alike in the two
guestionnaires. High levels of agreement were found, and the corresponding regression
model explained 93 and 87 percent of the variability in the PCS-36 and MCS-36,

respectively. The SF-12 was equally competent in identifying the differences between
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AMI and angina when compared to SF-36. Therefore, the use of SF-12 provides the same

facts to be obtained as from the SF-36, with less exertion for the patient and the doctor.

Michael et al. 2017 reported cardiac parasympathetic activity could be investigated using
HRV and cardiac sympathetic activity might be investigated using STI. Hence,
simultaneous monitoring of HRV and STI could be a valuable non-invasive approach to

investigate autonomic stress reactivity with regard to exercise stressors.

Wiley CR et al. 2021 analyzed data from 158 healthy participants (aged 19.09+1.84
years). Cardiac autonomic balance (CAB) and Cardiac autonomic regulation (CAR)
values were calculated using both HF and the rMSSD of HRV, along with PEP and
LVET of STI. Analysis showed that correlations were significantly weaker between CAB
and CAR calculated using LVET for both HF (p <0.001) and rMSSD (p <0.001) than
with PEP. Authors suggested that future research should consider calculating CAB and
CAR using chronotropic measures for both parasympathetic (HF-HRV) and sympathetic
activity (LVET of STI), which could provide more precise and independent measures of
cardiac autonomic activity compared to a mixture of inotropic (i.e., PEP) and

chronotropic (i.e., HF-HRV) measures.

A cross-sectional study by Bahall et al. 2018 included 534 patients with the first AMI.
Enrolled patients belonged to 2 to 10 weeks, 5 to 22 months, and more than 22 months to
4 years post-AMI periods. Quality of Life (QOL) of patient’s post-AMI was evaluated
using the Quality of Life after Myocardial Infarction questionnaire. Overall QOL was
better over time in the Emotional, Physical, and Social domains. Lower QOL was
observed in patients with IHD in the Physical domain only; among women, in NSTEMI
patients, and diabetes patients in all domains; in patients with hypertension and renal

disease only in the Physical and Social domains. Alcohol consumption was associated
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with better QOL while self-reported stress and lack of exercise were related to lower
QOL. With aging, QOL in the Physical domain was found to be declined.

Hypercholesterolemia and smoking showed no association with QOL.

Pivatelli et al. 2012 found that parasympathetic activity was decreased in CAD patients,
and various HRV indices, including HF in relative units, rMSSD, and the number of
adjacent N-N intervals that differed by greater than 50 milliseconds, might be used to

predict prognosis in chronic stable angina patients.

Sharma R et al. 2012 measured the STI namely QS;, LVET, PEP, and LVET/PEP by the
simultaneous recording of an electrocardiogram, carotid artery pulse and
phonocardiogram among 58 young healthy male volunteers (aged 18-45 years). In
addition, authors assessed their sympathetic functions by hand grip dynamometer test and
cold pressor test while parasympathetic functions were assessed with the help of a 30:15
ratio and Valsalva ratios. STI's were corrected for heart rate to find out the correlation
between STIs and autonomic functions. No significant correlation between different STIs

and autonomic functions was observed.

Coviello I et al. 2013 assessed the prognostic value of HRV in STEMI patients treated by
PTCA and optimal medical therapy. One hundred and eighty-two consecutive patients
with a first STEMI (59.1+8.11 years; 82.4% men) treated by primary PTCA were
considered. HRV was assessed by 24-hour Holter ECG recordings before discharge, 1,
and 6 months after discharge. The primary endpoint was the occurrence of Major adverse
cardiac events (MACE), defined as death or re-AMI. At a follow-up of 42+23 months,
MACE occurred in 14 patients (7.6%; 3 deaths and 11 re-AMIs). HRV parameters before
discharge were significantly lower in patients with MACE, with SDNN, very LF, and LF

amplitude being the most predictive variables.
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Abrootan S et al. 2015 included 64 patients with chronic stable angina, consisting of 27
males and 37 women, with an average age of 56.8+9.1 years. Only the difference between
pre- and post-revascularization SDNN was found to be statistically significant (p =

0.013).

Venkatesh D et al. 2018 concluded that sympathetic predominance with lowered
parasympathetic activity observed in CAD patients puts them at a higher risk of adverse
cardiac events. An attempt needs to be made to incorporate improvement of HRV as a

modality of treatment of CAD.

A prospective observational study by Sorensen et al. 2018 included African-Americans
(n=1980) of the Atherosclerosis Risk in Communities (ARIC). Subjects underwent
echocardiography and LVET was measured using pulsed-wave Doppler. A short LVET
was associated with younger age, in case of men, an increase in diastolic blood pressure,
and the prevalence of diabetes, tachycardia, and elevated blood sugar levels. During a
median follow-up of 17.6 years, 384 of them had an incidence of HF, 158 had a
myocardial infarction, and 587 of them died. In univariate analysis, a lower LVET was
significantly associated with increased risk of all events (p <0.05 for all). Nevertheless,
after multivariable adjustment for confounding variables, LVET persisted as an
independent interpreter only of incident HF [hazard ratio 1.07, p = 0.010 per 10 ms
decrease]. In addition, LVET provided incremental prognostic information on the risk of

future HF and death but not myocardial infarction.

Another study by Wennerblom et al. 2000 included 48 patients with angina and 41 age-
matched healthy controls, 24h Holter recordings were done before the coronary
intervention, 1- and 6-months post-revascularization. The authors observed normal

SDNN, SDANN, and LF/HF ratio with a significant reduction in rMSSD, pNN50, total
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power, LF, and HF peak among angina patients compared to controls. Hence, it was
shown that successful revascularization would cause only a partial stabilization of vagal
tone indicating that ischemia could be one of the mechanisms of the reduction in HRV

among chronic CAD patients.

Gomes et al. 2009 found that in patients with myocardial ischemia, cardiac
revascularization decreased central sympathetic activation. In their investigation, a two-
channel Holter was utilized to record for ten minutes and determine the mean LF/HF

ratio. The ratio was shown to decrease following revascularization.

Miyase et al. 2014 disclosed that prior to coronary angiography, calculating the LF/HF
ratio can be used to determine whether CAD is present. It has been discovered that in the

case of CAD, a considerable decline in HRV parameters is a predictor of death.

Forslund et al. 2002 discovered that frequency domain HRV indices, obtained from 24-
hour Holter monitoring, showed significant predictive value for the risk of cardiovascular
mortality in patients with chronic stable angina. Additionally, it was demonstrated that,
regardless of other co-morbidities, a low HRV was an effective clinical risk indicator in

individuals with sinus rhythm and the greatest predictor of angiographic coronary disease.

A review by Benichou et al. 2018 included 25 case-control studies; which consisted of
1,356 patients with T2DM and 1,576 healthy controls. T2DM patients had significantly
reduced R-R intervals, SDNN, rMSSD, pNN50, TP, LF, and HF. An overall decrease in
the HRV of T2DM patients could be explained by the detrimental effects of varied

glucose metabolism on HRV, leading to cardiac autonomic neuropathy.

In a study by Harris et al. 2014 24-hour Holter recordings of 279 patients with ACS were

done within 45 minutes of arrival at an emergency department. During the 1-year follow-
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up, 82 were re-hospitalized, 17 died, and 94 patients survived. Predictors of re-admission
included high HFnu, reduced LFnu, and low LF/HF ratio. Natural logs of TP and ultra-

low frequency power variables were significantly associated with the death.

Makikallio et al. 2001 measured the standard deviation of R-R intervals, HRV index, and
frequency-domain indexes from 24-hour Holter recordings in 499 patients with
congestive heart failure and LVEF < 35%. During a mean follow-up of 665+374 days,
210 (42%) deaths occurred. Conventional HRV indexes predicted mortality by univariate
analysis. In NYHA functional class Il, all HRV indexes were more significant univariate
predictors of mortality than in class 111 or V. Furthermore, among patients with moderate
heart failure, HRV measures provided prognostic information, when compared to patients

with utmost severe functional impairment.

A study conducted in India by Huffman et al. 2019 collected health-related QOL data
from 1261 participants (aged 60.8+13.7 years, 62% men) in the Acute Coronary
Syndrome Quality Improvement in Kerala trial. The study used Seattle Angina
Questionnaire administered 30 days post-discharge for AMI. The frequency of angina
was higher, physical limitations, lower treatment satisfaction, and QOL was seen among

older patients.

Gonzalez-Chica et al. 2017 examined the impact of preventive healthcare on the HRQoL
of 2379 South Australian adults who were either obese, had metabolic risk factors, had
cardiovascular disease, or were healthy. Assessment of Physical (PCS) and mental
components scores (MCS) of HRQoL were done using the SF-12 questionnaire.
Individuals with CVD were unlikely to have adequate alcohol consumption (63.4%; p =
0.026), but those achieving the recommendation had lesser PCS. Non-smoking was alike

in all groups (85%; p = 0.768) and was associated with a superior MCS only among
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healthy individuals and CVD patients. In all the groups, participants attaining all the
lifestyle recommendations had an improved PCS. Only 48.2% of patients with CVD
reported collective use of antithrombotic, antihypertensive, and antilipidemic drugs,

nevertheless, the use of these drugs was not related to HRQoL.

Anchah et al. 2017 enrolled 112 patients with newly identified ACS. Authors compared
the pre- and post-quality of life of three groups [intervention (modified Cardiac
Rehabilitation Programme/MCRP), conventional, and control] at baseline, 6 months, and
12 months post-discharge. Short-Form 36 Questionnaire was used to procure QoL data. In
all three groups at baseline, the physical and mental health summaries showed poorer
results. After the 6-month follow-up, the physical component summary (PCS) defined in
the Modified CRP subjects was better, but lower in the mental component summary. At
the end of the 12-month follow-up, the MCRP participants accomplished well in their

PCS than those in the conventional CRP and control groups.

In another study on cardiac rehabilitation by Azmi et al. 2015 data was collected from
ACS patients. At baseline and at 12 months QoL data were acquired using a validated
version of the EuroQol five-dimensional questionnaire. Visual analogue scale scores and
utility rates from Malaysia and the UK were used to calculate health utility scores. The
preceding study's data from 104 participants were utilized. At baseline, the mean utility
score was 0.75, and at 12 months, it was 0.82. According to the Malaysian tariff, there
was a statistically significant improvement in utility from the baseline to 12 months, but

not according to the UK tariff.

Chen et al. 2018 enrolled three groups of heart failure patients with: preserved LVEF
(>50%), mid-range LVEF (40-49%), and reduced LVEF (<40%). The Minnesota Heart

Failure Living Questionnaire (MLHFQ) was used to quantify the HRQoL scores. There
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were significant differences in the total MLHFQ scores and its subscale scores among the
three groups. MLHFQ domains confirmed high internal reliability among the three
groups. A significant association between NYHA class in HFrEF and HFmrEF MLHFQ
physical subscale scores were observed. Compared with the HFpEF group, in the groups
with low MLHFQ scores, the HFmrEF group showed significantly increased rates of
death and HF-related hospitalization. Furthermore, the features and clinical outcomes

were different among HF patients with different LVEF values.
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AIMS AND OBJECTIVES

Primary objectives

1. To estimate systolic time intervals (STI) and heart rate variability (HRV) among
ischemic heart disease (IHD) patients before percutaneous coronary intervention (PCI),
24 hours post-PCl, 3- and 6 months post-PCI.

2. To evaluate STI and HRV among IHD patients with and without major adverse cardiac
events (MACE).

3. To correlate STI with measures of HRV among IHD patients.

Secondary Objectives

4. To estimate the association of risk factors with HRV and STI among IHD patients.

5. To determine the association of quality of life in post-PCI IHD patients with STI and
HRV.

6. To study the ability of 24h post-PCI STI and HRV values in predicting the occurrence of

MACE among IHD patients.
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MATERIALS AND METHODS

4.1 Type of Study: Prospective cohort study.
4.2 Study Setting: R.L. Jalappa Hospital, Tamaka, Kolar.

4.3 SAMPLE SIZE ESTIMATION
4.4 SAMPLE SIZE ESTIMATION

The sample size for the present study was calculated (Abrootan S et al. 2010) using
nMaster 2.0 software. Considering the time-domain HRV parameter, SDNN (in
milliseconds), the standard deviation in the pre-PCI group (Chronic stable angina patients) =
+19.7 ms, and the standard deviation in the post-PCI group = £41.4 ms.

Minimum expected difference: 41-27.5 = 13.5. Effect size (Cohen’s d) = p2-p1/SDpooled
(where SD=standard deviation). Therefore, d = 13.5/30.55 = 0.44. SDpooled = NS1°+52%/2. So,
SDpooled = 1050.959.

Confidence interval = 99%. Level of Significance/Alpha error = 1%. Statistical Power =

90%. Type of test = two-tailed. Required sample size = 172.

N ZJZ(Z/,, —I—Za,z)2

difference?

Where 6° represents the SDpooled; Zp is the statistical power of 90% (1.282); Za/2 is the
alpha error of 1% or 0.010 (2.576); the difference is the effect size or the difference in means.

n =2 (1050.959) (1.28+2.576)?

(13.5)°
Hence, n = 171.61
Expecting a dropout rate of 10%, the final sample size was planned to be 172+17.2=189.2,

which was rounded off to 190.
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4.5 INCLUSION AND EXCLUSION CRITERIA

Inclusion criteria

1.

2.

Ischemic heart disease® patients with acute/evolved STEMI, NSTEMI, and Unstable
angina'’.

Gender: male

Exclusion criteria

1.

2.

3.

Patients with a history of MI or IHD (including bypass surgery and stroke).

Patients with psychiatric comorbidities.

Patients on anticholinergics, on medications for thyroid disorders.

Patients with atrial fibrillation

Patients with Parkinson’s disease, multiple sclerosis, rheumatoid arthritis, systemic
lupus erythematosus, psoriasis, amyloidosis, and malignancies who may have
dysautonomias.

Hemodialysis patients.

4.6 METHODOLOGY

Ethical clearance

Obtained from the central ethics committee for the start of the study (SDUAHER/KLR/R &

1/91/2021-22 dated 9-3-202).

Written informed consent

Details of the study were discussed with all the study participants, and explained to their

relatives in their own language of understanding. Recruited participants were informed that at
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any point of the study, they have the full right to withdraw or discontinue participating. Before

commencing the intended procedure, verbal and written informed consents were obtained.

A thorough history (Personal/Occupational/Diet/Habits), Clinical examination (Past-
medical/surgical/family/relevant investigations/medications), General examinations [Vital
signs and anthropometric measurements (height and weight); Pain location and scoring;
Pallor, clubbing, icterus, edema, emaciated; Body Habitus-Obese/Average built/Thin],
Psychological (Anxious/Depressed/Angry/Suicidal/Homicidal), and systemic examinations

were carried out for all the study subjects.

Identification of smokers/tobacco usage was done based on the history, nicotine smell, stains
on the inner aspect of their teeth and hard palate, nail discoloration, and other signs as
appropriate for the identification of smoking. Alcoholics were assessed based on their history
or current alcoholic consumption of >5 units of alcohol daily, sustained for 3 months

duration.

Anthropometric measurements

Height and Weight: The height in centimeters (using Bio Plas Inc. Stadiometer, USA) and
weight in kilograms (using KRUPS weighing scale, New Delhi, India) of the subjects were

measured with shoes removed and minimal clothing on.

Calculation of BMI was based on weight (W) in kilograms divided by height (H) in meters

square (m?) formula [W/H?].

Arterial blood pressure measurement

At the coronary care unit (CCU), blood pressure was measured manually or the subject was
connected to a cardiac monitor with the patient in the supine position. At OPD, systolic and

diastolic blood pressures were measured using a sphygmomanometer (model BPDL 237, Dial
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BP: clock model by Industrial Electronic & Allied products) with the subjects seated in a

chair comfortably.

Electrocardiography

At CCU, twelve-lead ECG recording was done using GE Medical Systems Information
Technologies (MAC 1200 ST electrocardiograph machine) to assess the changes in the ST-

segment to confirm a myocardial infarction.

A provisional diagnosis of Acute/Evolved STEMI/NSTEMI and unstable angina

We prospectively studied consecutive patients admitted to our CCU with an acute myocardial
infarction, who underwent PCI (primary/elective) of the culprit coronary artery within 6 to
24h of symptom onset in the case of acute STEMI patients, with 70% within 6h of symptom
onset. Non-STEMI patients underwent elective PCI within 24h of symptom onset. Patients
were also included if they underwent earlier failed thrombolysis (rescue PCI), as indicated by
the persistent ST-segment elevation. Symptom-to-door timing in case of evolved MI

(STEMI/NSTEMI) and unstable angina patients was 2h to month duration.

Acute STEMI was diagnosed in patients presenting with typical chest pain lasting >30 min
and associated with ST-segment elevation >0.1 mV in >2 contiguous leads on the admission
ECG. Non-STEMI was diagnosed in patients presenting with typical chest pain lasting >30
min and associated with ST-segment depression >0.1 mV in >2 contiguous leads on the
admission ECG, T wave inversion, with the troponin-1 positive. Evolved MI was diagnosed
with the symptom onset from a few hours to 1 week; from hyperacute T waves to ST-
elevation, then T wave inversion in >2 contiguous leads on the admission ECG. Unstable

angina was diagnosed with the on and off symptom onset from a few hours to 1 month.
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The clinical and laboratory parameters recorded for each patient were as follows:
cardiovascular risk factors, site of infarction determined by ECG and 2D-echocardiogram,
symptom-to-door timing, culprit coronary artery vessels/number of diseased coronaries
(defined as the presence of diameter stenosis >50% of coronary arteries as evidenced by
CAG), thrombolytic therapy before PCI, thrombolysis in myocardial infarction (TIMI)
coronary flow grade post-PCI, peak values of markers of myocardial necrosis [CK-MB or

troponin 1], and drug therapy.

Systolic time intervals measurement

All subjects underwent 2D-echocardiographic evaluation using a Vivid S5 Echocardiograph
machine (GE Healthcare systems, Israel, 2008) with a 2.0 to 3.6 MHz transducer. Doppler
gains were attuned at a 100 mm/s sweep speed. The standard echocardiogram included an
assessment of the left ventricular parasternal long axis (PLAX) view, parasternal short axis

(PSAX) view, and apical views (four-, two-, three-chamber views).

“Systolic time intervals determined from the 2D-aortic valve echocardiogram based on
pulsed-Doppler aortic acquisitions were: The total electro-mechanical systole (QS,) is the
interval from the onset of Q wave of QRS complex on the ECG to the closure of the aortic
valve on the echocardiogram. Pre-Ejection Period (PEP) is the interval from the onset of
ventricular contraction to the beginning of aortic ejection. Left Ventricular Ejection Time
(LVET) is the interval ranging from the beginning to the termination of aortic flow.” (Reant

P etal. 2010)
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Fig 7a. 2D-echocardiography.
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Fig 7b. Measurements of PEP and LVET in an IHD patient: PEP (2 MV A Dur) = 67 ms,
LVET (3 MV A Dur) =303 ms, PEP/LVET = 0.22.
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Fig 7c. Measurements of PEP and LVET in an ischemic heart disease patient on admission
for percutaneous coronary intervention: PEP (1 MV A Dur) = 148 ms, left ventricular
ejection time (2 MV A Dur) = 222 ms, PEP/LVET = 0.67.
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Fig 7d. Line diagram depicting the measurements of PEP and LVET using pulsed-Doppler
echocardiography. ECG: Electrocardiogram; PEP: Pre-ejection period; LVET: Left
ventricular ejection time.
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Fig 7f. Measurements of PEP and LVET in an ischemic heart disease patient 1-week post
revascularization with percutaneous coronary intervention: PEP (2 MV A Dur) = 97 ms, left
ventricular ejection time (3 MV A Dur) = 275 ms, PEP/LVET = 0.35. The cross -sectional

area of the aortic orifice (LVOT: Left ventricular outflow tract or 1 L) = 2.2 cm.

An echocardiogram assessment will ensure the presence/absence of regional wall motion
abnormality. Left ventricular ejection fraction assessment was done according to biplane

Simpson’s method (Fig. 8).
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Fig 8. Left ventricular ejection fraction assessment according to biplane Simpson’s method
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Stroke volume was measured using the formula: Cross-sectional area of Aortic Valve
(using PLAX view) X Velocity time integral of Mitral regurgitation (with A5C, transducer
probe kept 2 mm away from left ventricular outflow tract using pulsed-Doppler

echocardiography) (Fig. 9).
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Fig 9. Assessment of Stroke volume.

Heart rate variability measurements

Fifteen minutes short-term HRV indices were measured® (using 4-Channel PowerlLab15T
Data acquisition software) using lead Il electrocardiogram. For all the recruited subjects,
HRV measurements were done with the negative electrode on the right 2" intercostal space
(ICS) in the mid-clavicular line (MCL), with the positive electrode on the left 5™ ICS in the
MCL, and the ground electrode on left 2" ICS in MCL with the patient in the supine position
for 5-10 min. Heart rate variability®® was analyzed using LabChart 7.3.8 data analysis

software and MLS310 HRV module developed by AD Instruments, Australia.
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Accordingly, time domain parameters® measured was as follows:
SDNN (ms): Is the root mean square deviation of the N-N intervals.

rMSSD (ms): Is the square root of the mean squared differences of successive NN intervals.

Further, frequency domain parameters® measured were:

Total power (TP) (ms?): Indicates the overall heart rate variability.

Low frequency (LF) power (ms®): concerned with both sympathetic and parasympathetic
activity. Predominantly related to sympathetic nervous system activity.

High Frequency (HF) power (ms?): Indicates parasympathetic activity.

Low-frequency (LF norm/LFnu) and High-frequency (HF norm/HFnu) in normalized

units: This emphasizes the balance between the parasympathetic and sympathetic arms.

HF norm= HF/ (TP-VLF)*100 => HF/ (LF+HF)*100
LF norm= LF/ (TP-VLF)*100 => LF/ (LF+HF)*100

LF/HF ratio: Denotes Sympathovagal balance.

Fig 10a. ADInstruments PowerLab 15T
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Fig 10d. 3- or 6-month post-PCI Heart rate variability measurement at Cardiology OPD
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Health-related Quality of Life assessment:

Patients’ quality of life has been investigated using the Short Form-12 health survey
questionnaire.” *® Accordingly, face-to-face interviews were conducted at Cardiology OPD
at various time points. Consequently, PCS-12 and MCS-12 scores were measured 1-month

post-PCl/post-phase 2 cardiac rehabilitation, 3-, and 6-month post-PCI.
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Study flow for recruiting IHD patients and procuring STI and HRV indices:

Date: 3/3/21 to 31/5/22

Required sample - _
size (n=190) —>| Assessed for eligibility (n=229)

Excluded (n=33)

Not willing for PCI (6)/

COVID-19 positive (2)/Hypothyroid, BA, S/P
PCI-2012 (1)/H/O MI (15), CABG, Stroke/USA-
—> No PCI (4)/POBA
(3)/BA(1)/RA(1)/Dysautonomias/Psychiatric co-
morbidities/Patients on anticholinergics,
hypothyroidism and hemodialysis patients

v

Included male IHD patients (n=197)

v

] l

ECG diagnosed: ———
Acute STEMI (n=97), NSTEMI, Trop I .nsta e
Evolved STEMI (n=65) positive (n=21) angina (n=16)

y

Zl, 3l,

Thrombolysed with inj. STK (n=44)/
RTP (n=09)/ TNK (n=02) and
Anticoagulants + Antiplatelets

- HRYV (before PCI) + STI

HRV+STI 24h S/P PCI HRV+STI 24h
(n=18) S/P PCI (n=11)
Major adverse cardiac SIP CAG -

Discharged on

Anticoagulants + Antiplatelets events (MACE), n = Medical
- HRYV (before PCI) + STI 12/197 management (n=01)
145 -Observation and discharged on medical management (n=01)

52

\ 4

-S/P Thrombolysis and discharged on medical management (n=10)
-S/P Thrombolysis and recanalised/discharged on medical
management (n=08)

-S/P CAG and discharged on medical management
(normal/minor/moderate CAD/insignificant
lesion/recanalised/SVD/DVD/TVD) (n=12)

-S/P CAG and CABG (n=12)

Before PCI: S/P STK lysis -> 26/145; S/P RTP lysis -> 06/145; TNK -> 02/145
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S/P CAG + PCI (n=71+44)

1

v

——>|  24h S/PPCI> HRV & STI (n=116)

2

v

3

v

3-month S/P PCI =
HRV + STI (n=65+36)

3-month S/P PCI =
HRYV + STI (n=12)

v

!

3-month S/P PCI
—=> HRV + STI
(n=10)

6-month S/P PCI 2>

HRV + STI (n=65+36)

6-month S/P PCI 2>
HRV + STI (n=12)

6-month S/P PCI =2
HRV + STI (n=10)

Completed the study -> 121/145 (event-free patients)
Loss to follow-up -> 17/145 (3m and 6m)
MACE: Death-> 04/145 & Re-AMI -> 03/145

12/197

S/P PCI.

1. Major adverse cardiac events (MACE) -> Death or re-AMI ->

2. Death of 08/197 IHD patients recorded within 30 days of
follow-up and01/44 Evolved MI patient died within 3 months

3. 3 Patients had Re-AMI (01 AMI-> AMI), (1 EMI-> Recent MI)
& (1 EMI -> NSTEMI). One Patient had thrombolysis (Inj. STK)
and 2 Patients had Re-PCI

4. Event-free baseline Patients, n=185
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STATISTICAL ANALYSIS

Leven's test for homogeneity of variance has been performed to assess the homogeneity of
variance. All quantitative variables were measured and compared using independent t-test
and two-way repeated measures ANOVA and stated as mean £ SD. Chi-square or Fisher
exact test was used to measure the categorical variables. Pearson correlation analysis was
used to find out the relationship between the STI and HRV. Pearson correlations was
executed to find out the link between the body mass index with STI and HRV. Pearson’s
correlation analysis was done to correlate quality of life in post-PCI patients with the STI and
HRV. Multivariate regression analyses were done to know the association of risk factors with
STl and HRV. The HRV cut-off values were defined by the Receiver Operating
Characteristic (ROC) curve. The sensitivity and specificity values were also determined. An
area under the curve >0.650 was considered significant. (Pivatelli et al. 2012) Level of
statistical significance was set at p <0.05. For the data analysis, SPSS version 22.0 (SPSS
Inc., Chicago, IL) statistical software was utilised. Microsoft excel and SPSS software’s were

used to generate graphs.
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RESULTS

The study population comprised of 197 male IHD patients (Killip Class I to V) ¥ with acute
or evolved myocardial infarction (n=181) and unstable angina (n=16) admitted at CCU,
between March and November 2021. Among the included, 50.43% IHD patients had anterior
wall myocardial infarction. Among them, 189 (95.9%) patients had angina and 23 (11.7%)
patients had dyspnea. Patients who smoked cigarette/beedi, ** *® (n=63; 31.98 %) tobacco
chewers (n=08; 4.06 %), and alcoholics™* (n=37; 18.78 %) were also included in the study.
Among the included, 35.53 % (n=70) of them were diabetics and 36.55% (n=72) of them
were hypertensive. Patients on diuretics®’ (n=116; 58.88%) were also allowed to participate
in the present study. Thirty-one patients (22%) received thrombolytic therapy with
streptokinase (15000 Ul/hour) or reteplase or tenecteplase. In addition, 79 patients (54.50%)
underwent primary PCI within 12-24h from the chest pain onset, 65 patients went through
elective PCI (45%), rescue PCI was done in an IHD patient and was associated with
procedural success in all. All the recruited patients were COVID-19 negative. None of the
recruited had atrial fibrillation. The On admission details of the study population are given in
Table 1.

Table 1. On admission attributes of ischemic heart disease patients (n=197)

Characteristics Mean = SD
Mean age (years) 54.09 + 11.75
BMI (Kg/m?) 25.2 + 33.93
Glucose random blood sugar (mg/dl) 170.61 + 74.35

Myocardial necrosis markers (n)
Troponin | (ng/ml), (n=54) Positive (44)

Creatine Kinase-MB (ng/ml), (n=39) Abnormal (27)
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Culprit Coronary vessels with significant lesions (>50%o)

Single vessel disease 87
Double vessel disease 36
Triple vessel disease 15
TIMI flow Grade 111 (post-PClI) 145

TIMI: Thrombolysis in myocardial infarction; BMI: Body mass index

2D-Echocardiographic parameters on admission are given in Table 2.

Table 2: Baseline 2D-Echocardiographic parameters

No. of
VARIABLES patients %
(n=197)
Stroke volume (ml)
o <50 73 37.1
e 50-60 110 55.8
e >60 14 7.1
Regional wall motion abnormality
e No 27 13.7
e Yes 170 86.3
Left ventricular hypertrophy (LVH)
e Concentric LVH (>13 mm) 40 20.3
e Hypertrophied LVH 2 1.0
e Mild concentric LVH (<12 mm) 13 6.6
e No LVH (6-9 mm) 142 72.1
Mitral regurgitation
e Mild 152 77.2
e Moderate 28 14.2
e Severe 4 2.0
e Trivial 13 6.6
Aortic stenosis
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e No 192 97.5
e Sclerotic 5 2.5
Aortic regurgitation
e Mild 113 57.4
e Trivial 84 42.6
LV systolic dysfunction (LVSD)
e Normal LV systolic function 30 15.2
e Mild LVSD 82 41.6
e Moderate LVSD 35 17.8
e Preserved LV systolic function 23 11.7
e Adequate LV systolic function 18 9.1
e Severe LVSD 7 3.6
e Moderate to severe LVSD 2 1.0
LV diastolic dysfunction (LVDD)
e Normal LV diastolic function 144 73.1
e GRADE I LVDD 48 24.4
e GRADE Il LVDD 3 1.5
e GRADE Il LVDD 2 1.0
CLOT/VEG/ Pericardial effusion (P.E.)
e No 191 97.0
e Yes 6 3.0
I. LV apical Clot + 4 2.0
Il. LV apical clot ++ 1 0.5
I. P.E. 1 0.5
LVEF%
o <40 46 23.4
e 40-50 104 52.8
o >50 47 23.9
Ventricular tachycardia
e Absent 191 97.0
e Present 6 3.0
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OBJECTIVE 1. To estimate systolic time intervals (STI) and heart rate variability (HRV)
among ischemic heart disease patients before percutaneous coronary intervention (PCI),
24 hours post-PCl, 3- and 6 months post-PCI.

With the 2D-echocardiography, STIs recorded are presented in Table 3.

Table 3. Systolic time intervals of IHD patients on admission, 24h-, 3-, and 6-month post-

PCI (n=197)

STI values Total
PEP (ms)
e Baseline 90.99+27.98
e 24h post-PClI 90.67+26.86
e 3-month post-PClI 87.34+21.01
e 6-month post-PCI 85.70+16.65
LVET (ms)
e Baseline 279.15+44.55
e 24h post-PCI 285.54+41.71

3-month post-PCI

285.12+41.88

6-month post-PCI

285.90+37.71
QS; (ms)
 Baseline 370.14+48.84
 24h post-PClI 376.21+43.55
e 3-month post-PClI 372.47+44.52

6-month post-PCI

371.37+£40.19

PEP/LVET

e Baseline 0.34+0.13
 24h post-PCI 0.33+0.13
e 3-month post-PCI 0.31+0.10
e 6-month post-PCI 0.31+0.08
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Heart rate variability values are presented in Table 4.
Table 4. Heart rate variability and heart rate values of IHD patients on admission, 24h-, 3-,

and 6-month post-PCI (n=197).

HRV indices Total
SDNN (ms)

o Baseline 47.27+32.43

e 24h post-PCI 38.39+27.61

e 3 month post-PCI 40.75+21.63

e 6 month post-PCI 42 56+21.84
rMSSD (ms)

* Baseline 51.42+47.42

e 24h post-PCI 41.39+45.87

e 3 month post-PCI 44.38+33.38

e 6 month post-PCI 45.09+32.46
TP (ms?)

 Baseline 3076.18+4908.54
e 24h post-PClI 2166.69+4847.86
e 3 month post-PClI 2057.45+2004.86
e 6 month post-PClI 2203.69+2032.97
LF (ms?)

e Baseline 555.37+1068.68
e 24h post-PCI 305.99+496.83
e 3-month post-PClI 358.63+426.67

e 6-month post-PCI

384.14+431.54

HF (ms?)
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e Baseline

746.65+1571.34
e 24h post-PCl 459.20+984.47
e 3-month post-PCI 543.79+684.79

e 6-month post-PCI

521.29+619.12

LFnu

 Baseline 38.81+25.64
e 24h post-PCI 40.96+27.45
e 3-month post-PCI 36.40+22.23
e 6-month post-PCI 35.27+19.57
HFnu

 Baseline 28.46+13.85
e 24h post-PCI 27.54+14.47
e 3-month post-PCI 34.17+13.02
e 6-month post-PCI 34.31+11.00
LF/HF ratio

e Baseline 2.24+2.94
e 24h post-PCI 2.80+4.25
e 3-month post-PCI 1.32+1.37
e 6-month post-PCI 1.13+0.83
Heart Rate (bpm)

e Baseline 84.83+14.71
e 24h post-PCl 85.38+13.51
e 3-month post-PCI 81.12+13.26
e 6-month post-PCI 80.65+12.52
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OBJECTIVE 2.1. To estimate the occurrence of Major adverse cardiac events (MACE)

In the current study, at a follow-up of 6 months, out of 197 IHD patients, major adverse
cardiac events (MACE) occurred in 12 patients (6.1%) (Cardiac death was 1.5%, while that
of sudden death was 4.5%). Out of twelve-MACE, nine deaths and three re-AMIs occurred
(Table 5). Furthermore, at a follow-up of 6 months, out of 145 IHD patients who underwent
PCI, MACE occurred in 07 patients (4.8%) (Cardiac death was 2.1%, while that of sudden
death was 2.75%). Out of seven-MACE, four deaths and three re-AMIs occurred.

Table 5. Frequency distribution of IHD patients studied based on Major adverse cardiac
events (MACE).

No. of patients
MACE (1-197) %
No 185 93.9
Yes 12 6.1
Total 197 100.0

OBJECTIVE 2.2. To estimate the STI and HRV in IHD patients with and without major
adverse cardiac events (MACE)

An independent t-test was performed to compare the STI values in patients with and without
MACE. A statistically significant difference between baseline PEP and PEP/LVET were
found between patients who had MACE and without MACE. Table 6 shows the baseline/on
admission STIs in IHD patients with and without MACE.

Table 6. Comparison of Baseline Systolic time intervals between IHD patients with and

without MACE using Independent t-test

Baseline Systolic MACE P value
time intervals No Yes

PEP 89.63+26.87 | 112.08+36.81 0.007**

LVET 279.77+44.72 | 269.50+42.46 0.440™°

QS, 369.4+47.80 | 381.58+64.30 0.404"°

PEP/LVET 0.33+0.13 0.42+0.13 0.027*

* Moderately significant p <0.05; ** Strongly significant p <0.01; NS: Not significant.
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An independent t-test was performed to compare the HRV variables in patients with and
without MACE. There was a statistically significant difference between baseline SDNN,
rMSSD, TP, and HF HRV indices in patients who had MACE and without MACE. Table 7
shows the on admission HRV values in IHD patients with and without MACE.

Table 7. Comparison of baseline heart rate variability parameters between IHD patients with

and without MACE using Independent t-test

Baseline HRV MACE P value
parameters No Yes

SDNN 46.01+30.61 66.6+51.33 0.033*
rMSSD 49.42+44.29 82.24+78.44 0.020*
TP 2866.33+4437.06 | 6311.25+9371.89 0.018*
LF 533.58+985.17 | 891.42+1995.93 0.262
HF 664.31+1378.71 | 2015.98+3213.69 0.004**
LFnu 39.30+£25.51 31.30+£27.58 0.297
HFnu 28.09+£13.67 34.15+15.94 0.143
LF/HF 2.28+2.99 1.56£2.04 0.412
HR 85.19+14.65 79.28+15.15 0.178

* Moderately significant p <0.05; ** Strongly significant p <0.01; NS: Not significant.

OBJECTIVE 2.3. To evaluate STI among IHD patients with and without major adverse

cardiac events (MACE).
A two-way repeated measure ANOVA was performed to know the effect of percutaneous
coronary intervention systolic time intervals in IHD patients over the time (Table 8). The

PEP (p<0.001) and PEP/LVET (p=0.008) ratios before and after PCI differed significantly.
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Table 8. Comparison of Systolic time intervals between IHD patients with and without

MACE on admission/baseline, 24h-, 3-, and 6-month post-PCI using two-way repeated

measures ANOVA
MACE 2X4
STI values P value Repeated
No Yes ANOVA
PEP
* Baseline 80.63+26.87 | 112.08+36.81 | 0.007™
" 2ANPOSLPCL | 500742636 | 108.43:34.75 | 0.108" | STOUP
e 3-month F’:O..025*,;
00st-PCI 87.12+20.29 | 95.67+47.06 | 0.489\° Time
F=7.426,
e 6-month p<0.001""
post-PCI 85.36+16.49 | 98.33+21.73 | 0.184"°
LVET
* Baseline 279.77+44.72 | 269.5042.46 | 0.440"°
" 2ANPOSLPCL | 2848814246 | 207.7122285 | 0.430" | STOU
e 3-month P=0.171"5;
00st-PCI 284.21+41.96 | 319.33+21.39 | 0.153"° Time
F=0.183,
e 6-month p=0.908"°
post-PCI 285.33+37.77 | 307.33+34.39 | 0.321"°
QS
o Baseline 369.40+47.80 | 381.58+64.30 | 0.404"°
" 2ANPOSLPCL | 3748414354 | 401.14x38.08 | 0.120% | STOUp
e 3-month P=0:012;
00st-PCI 371.34+44.24 | 415.00+40.04 | 0.094" Time
F=1.157,
e 6-month p=0.326"°
post-PCI 370.46+39.93 | 405.67+42.52 | 0.135"°
PEP/LVET
o Baseline 0.33+0.13 | 042+0.13 | 0.027° Group
F=0.913,
* 24hpostPCl | 033:013 | 0.35:012 | 0641 | P=0.341"
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e 3-month Time
post-PCI 0.31+0.10 0.31x0.17 | 0.889"° | F=4.024,
p=0.008
e 6-month
post-PCI 0.31+0.08 0.32+0.08 | 0.758"°

*Moderately significant p <0.05; + suggestive significance (P value: 0.05<p<0.10); NS: Not
significant; PEP: Pre-ejection period; LVET: Left ventricular ejection time; QS,: Total

electro-mechanical systole.
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Fig 11a. Pre-ejection period (PEP) measured at baseline, 24h, 3-, and 6-month post-PCI.
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Fig 11b. PEP/LVET ratios at baseline, 24h, 3-, and 6-month post-PCI.
Bonferroni post-hoc test for pairwise comparisons found that the mean value of PEP STI was
significantly different between [(Baseline) and (3-month post-PCI)] (p = 0.014; 95% C.I. =
2.991 to 41.142); [(Baseline) and (6-month post-PCI)] (p = 0.032; 95% C.I. = 1.146 to

42.081). Furthermore, the mean value of PEP STI was significantly different between [24h
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post-PCI] and [3-month post-PCI] (p = 0.009; 95% C.I. = 3.608 to 37.108); between [24h

post-PCI] and [3-month post-PCI] (p = 0.030; 95% C.I. = 1.233 to 38.578) respectively.

Table. Pairwise comparisons of pre- and post-PCI PEP STI using Bonferroni Post Hoc test

(n=116)

o b

Time (1) | Time (@) | " 2" S P e
ifference (I-J)| Error g Lower Upper
Bound Bound
24h 1.708 5292 | 1.000 | -12.500 | 15.916
Baseline 3m 22,066 7104 | 0.014 2.991 41.142
6m 21614 7623 | 0.032 1.146 42.081
Baseline -1.708 5292 | 1.000 | -15916 | 12.500
24'11,3‘1’“‘ 3m 20358 | 6238 | 0009 | 3608 | 37.108
6m 19.906 6954 | 0.030 1.233 38.578
Baseline 22,066 7.104 | 0014 | -41.142 | -2.991
3“;}(’3‘;“‘ 24h 20358 6.238 | 0.009 -37.108 | -3.608
6m -0.453 3771 | 1.000 | -10.579 | 9.673
Baseline 21614 7623 | 0032 | -42.081 | -1.146
6“;1(’:‘;“' 24h -19.906 6.954 | 0030 | -38.578 | -1.233
3m 0.453 3771 | 1.000 -9.673 10.579

*The mean difference is significant at p <0.05 level; b. Adjustment for multiple comparisons:

Bonferroni; Cl: Confidence interval

OBJECTIVE 2.4. To evaluate HRV among IHD patients with and without major adverse
cardiac events (MACE).

A two-way repeated measures ANOVA was performed to know effect of PCl on HRV
among IHD patients over the time (Table 9). It revealed that a large disparity existed between
the pre- and post-PCI time- (SDNN, rMSSD) and frequency-domain (HF, LFnu, HFnu, and
LF/HF ratio) HRV indices. In addition, the heart rate before and after PCI differed

significantly. A statistically significant difference between 24h post-PCI SDNN, rMSSD, TP,
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and HF HRV indices were also found. In addition, there existed a statistically significant
alteration between baselines, 24h after PCI, and 3-month post-PCI heart rate between patients
with and without MACE.

Table 9. Comparison of Heart rate variability measures between IHD patients with or without

MACE using independent t-test. HRV measures at baseline, 24h post-PCl, 3-, and 6-month

post-PCI using two-way repeated measures ANOVA.

o MACE 2X4 Repeated
HRYV indices P value
No Yes ANOVA
SDNN
* Baseline 46.01+30.61 66.60+51.33 0.033"
<0.001"
* 24h post-PCI 36.44+22.00 74.00£72.25 X Group
F=0.150,
o 3 month P:0699
41.09+21.8 27.90+6.51 0.299NS ’
post-PClI Time F=2.810,
e 6 month p=0.040
NS
p0St-PCI 42.51+21.97 44.43+19.82 0.881
rMSSD
* Baseline 49.42+44.29 82.24+78.44 0.020"
<0.001"
o 24h post-PCI 38.04+33.64 102.69+135.73 ) Group
F=0.034,
e 3 month P=0.853;
44.70+33.62 32.33+23.23 0.529NS o
post-PCl Time F=2.676,
e 6 month p=0.047
NS
b0st-PCI 44.87+32.42 53.31+40.46 0.659
TP
* Baseline 2866.33+4437.06 | 6311.25+9371.89 | 0.018" Group
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<0.001" F=0.060,
o 24hpost-PCl | 1733 06+1880.50 | 10095.81+19304.44 )
P=0.807;
e 3 month Time F=1.869,
NS
p0st-PCI 2086.54+2020.64 961.71+788.81 | 0.340 0=0.134S
e 6 month
NS
20st-PCI 2109.94+2037.15 | 2345.21+2284.01 | 0.903
LF
e Baseline 533.58+985.17 891.42+1995.93 | 0.262\°
<0.001"
e 24h post-PClI 264.39+347.40 1066.79+1498.67 N Group
F=0.384,
e 3-month P=0.537;
365.23+430.32 109.98+53.78 | 0.309NS ’
post-PCI Time F=0.317,
e 6-month p=0813"
NS
00st-PCI 381.71+433.13 475.84+43553 | 0.711
HF
 Baseline 664.31+1378.71 | 2015.98+3213.69 | 0.004™
<0.001"
o 24hpost-PCl | 359 974517.13 2218.76+3489.25 ) Group
F=0.307,
e 3-month P=0.581;
548.88+691.13 352.15+398.45 | 0.625™ ’
post-PCI Time F=3.648,
e 6-month p=0.013
NS
205tPCI 516.09+616.25 717.12+845.14 | 0.581
LFnu
e Baseline 39.30+25.51 31.30+27.58 0.297™® Group
F=0.291,
e 24h post-PClI 41.13+27.02 37.96+36.85 0.768NS
P=0.590:
e 3-month \S Time F=3.622,
36.39+22.15 36.76+30.55 0.977 .
post-PCI p=0.013
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e 6-month
NS
p0st-PCI 35.22+19.73 37.18+14.52 0.865
HFnu
o Baseline 28.09+13.67 3415+1594 | 0.143"
* 24hpostPCl | 57.49+14.36 28.45:17.51 | 0.865"S | Group
F=0.156,
e 3-month 0=0.604
NS =0.694;
p0st-PCI 33.96+13.04 41.9+11.77 0.299 |
Time F=5.679,
e 6-month p=0.001**
NS
p0St-PCI 34.00+11.01 42.68+7.50 0.183
LF/HF ratio
o Baseline 2.28+2.99 1.56+2.04 0.412N
* 24hpost-PCI 2.74+4.17 3.865.86 0.498 | Group
F=1.710,
e 3-month o=0.104
NS =0.194;
p0St-PCI 1.33+1.38 1.03+1.08 0.713 |
Time F=9.177,
e 6-month p<0.001""
NS
p0St-PCI 1.13+0.84 0.85+0.25 0.567
Heart Rate
o Baseline 85.19+14.65 79.28+1515 | 0.178"
* 24hpost-PCI 85.02+13.47 75.43+10.56 0.045* Group
F=2.709,
e 3-month 020,103
00St-PCI 81.53+13.19 65.67+0.58 0.040" | P00
Time F=3.788,
e 6-month p=0.011"
NS
p0st-PC 80.95+12.52 69.33+5.77 0.113

* Moderately Significant p <0.05,; ** Strongly significant p <0.01; NS: Not significant; SDNN: N-N

intervals standard deviation; rMSSD: consecutive N-N interval disparities' root mean square; TP:
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Total power; LF: Low-frequency; HF: High-frequency; LFnu: Low-frequency normalized unit; HF-

nu: High-frequency normalized unit.
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Fig 12a. Standard deviation of N-N intervals. (SDNN) at baseline, 24h, 3-, and 6-month post-PCI.
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Fig 12b. Square root of the mean squared differences of successive N-N intervals (rMSSD) at
baseline, 24h, 3-, and 6-month post-PCI.
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Fig 12c. High-frequency power (HF) at baseline, 24h, 3-, and 6-month post-PCl
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Fig 12d. Low-frequency normalized unit (LFnu) at baseline, 24h, 3-, and 6-month post-PCI
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Fig 12e. High-frequency normalized unit (HFnu) at baseline, 24h, 3-, and 6-month post-PCI
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Fig 12f. LF/HF ratio at baseline, 24h, 3-, and 6-month post-PCI
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Bonferroni post-hoc test for pairwise comparisons found that the mean value of SDNN HRV
index was significantly different between (3 month post-PCI) and (6 month post-PCI) [p =
0.025; 95% C.I. = -17.215 to -0.731]. Furthermore, the mean value of HFnu HRV index was
significantly different between [24h post-PCI] and [3-month post-PCI] (p = 0.023; 95% C.I.
= -26.717 to -1.294); between [24h post-PCI] and [3 month post-PCI] (p = 0.011; 95% C.I. =
-26.604 to -2.308) respectively.

Table. Pairwise comparisons of pre- and post-PClI SDNN HRV index using Bonferroni Post
Hoc test (n=116).

Mean 95% CI°
. . Difference it} . b
Time (I) Time (J) Error Sig.

(1-) Lower Upper
Bound Bound
24h 16,505 | 8.460 | 0.321 -6.212 39.221
Baseline 3m 14728 | 7.938 | 0397 -6.587 36.043
6m 5,755 7561 | 1.000 | -14547 | 26.056
Baseline | -16505 | 8.460 | 0.321 -39.221 6.212
242@?“‘ 3m 1777 | 5390 | 1000 | -16.251 | 12.696
6m -10.750 | 5.158 | 0.236 -24.599 3.099
Baseline | -14.728 | 7.938 | 0.397 -36.043 6.587
3mp'g°ft' 24h 1.777 5390 | 1.000 -12.696 | 16.251
6m -8.973" 3.069 | 0.025° -17.215 -0.731
Baseline 5755 | 7.561 | 1.000 | -26.056 | 14.547
6mPF(’:‘;St' 24h 10.750 | 5.158 | 0.236 -3.099 24.599
3m 8.973 3.069 | 0.025° 0.731 17.215

* the mean difference is significant at p <0.05 level; b. Adjustment for multiple comparisons:

Bonferroni.
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Table. Pairwise comparisons of pre- and post-PClI HFnu HRV index using Bonferroni Post
Hoc test (n=116).

Mean Std. 95% CI°
Time (I) | Time (J) | Difference | Error Sig.b
(1-J)
Lower Upper
Bound Bound
24h 3.547 4.595 1.000 -8.791 15.886
Baseline 3m -10.458 4.664 0.161 -22.981 2.065
6m -10.908 4,217 0.066 -22.231 0.414
Baseline -3.547 4,595 1.000 -15.886 8.791
242@?“’ 3m 14.006" | 4734 | 0023° | -26.717 | -1.294
6m -14.456° | 4524 | 0.011" -26.604 -2.308
Baseline 10.458 4.664 0.161 -2.065 22.981
3m post- * *
PC 24h 14.006 4.734 0.023 1.294 26.717
6m -0.450 3.198 1.000 -9.037 8.137
Baseline 10.908 4217 0.066 -0.414 22.231
6m post- * x
PC 24h 14.456 4.524 0.011 2.308 26.604
3m 0.450 3.198 1.000 -8.137 9.037

*The mean difference is significant at p <0.05 level; b. Adjustment for multiple comparisons:

Bonferroni; Cl: Confidence interval
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OBJECTIVE 3. To correlate STI with the measures of HRV among IHD patients.

Pearson’s correlations were implemented to discriminate the credible correlation between

baseline systolic time intervals and HRV parameters among IHD patients without MACE.

Baseline STIs which had significant positive correlations with the HRV indices were [SDNN

vs. PEP (p = 0.034); rMSSD vs. PEP (p = 0.022); HF vs. PEP (p = 0.044); HFnu vs. LVET (p

=0.035); SDNN vs. QS; (p = 0.010); rMSSD vs. QS; (p = 0.016); TP vs. QS; (p = 0.049) and

HFnu vs. QS; (p = 0.022)] respectively.

Table 10. Pearson’s correlation between baseline STI and HRV parameters in IHD patients

without MACE (n=185)

PEP (ms) LVET (ms) QS; (ms) PEP/LVET
Time-Domain
parameters:
r=0.156 r =0.109 r=0.190 r=0.071
SDNN (ms) p=0.034" p =0.139"° p=0.010" p = 0.339"°
rMSSD (ms) r=0.169 r=0.088 r=0.177 r=0.087
p=0.022" p=0.232"° p=0.016" p = 0.240"°
Frequency-
domain
parameters: r=0.143 r =0.069 r=0.145 r=0.079
p = 0.051N° p = 0.353"° p=0.049" p = 0.286"°
TP (ms?)
LF (ms?) r=0.027 r = 0.064 r=0.075 r=-0.018
p=0.719" p = 0.388N° p =0.312" p = 0.810N
HF (ms?) r=0.148 r = 0.044 r=0.125 r=0.098
p=0.044" p = 0.348N° p = 0.090M° p=0.186"°
Lfnu r=-0.138 r=-0.068 r=-0.142 r=-0.076
p = 0.060N° p = 0.354"° p = 0.054"° p = 0.302M
HFnu r=0.042 r=0.155 r=0.169 r=-0.037
p=0.567"° p=0.035" p=0.022" p = 0.620"°
LF/HF ratio r=-0.046 r=-0.110 r=0.128 r=0.021
p = 0.534N° p =0.138"° p = 0.082N p=0.772"

*Moderately significant p <0.05; NS: Not significant
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OBJECTIVE 4. To estimate the association of risk factors with STI and HRV among IHD

patients.

Pearson’s correlations were accomplished to inspect the probable correlation between BMI
and baseline STI1 and HRV. On correlation analysis QS, was negatively correlated with the
BMI (r = -0.157, p = 0.028) denoting decrease in total electromechanical systole with the

upsurge in BMI. (Table 11).

Table 11. Pearson’s correlations between body mass index and systolic time intervals.

(n=197)
PEP (ms) LVET (ms) QS; (ms) PEP/LVET
r=-0.073 r=-0.125 r=-0.156 r =0.006
Body mass )
index (Kg/m?) p =0.305"° p=0.079"° p=0.028 p=0.928"°

*Moderately Significant p <0.05,; NS: Not significant.

Furthermore, BMI had a significant negative correlation with the total power (r = -0.161; p =
0.024) and low frequency power (r = -0.179; p = 0.012), and high frequency power (r = -
0.189; p = 0.008) HRYV indices (Table 12) suggesting reduced autonomic tone/loss of vagal

tone of heart/increase of sympathetic activity with increase in BMI.

Table 12. Pearson’s correlations between BMI (Kg/m?) and HRV parameters. (n=197)

BMI (Kg/m?)
Time-Domain parameters:
r=-0.116
SDNN (ms) 0 =0.108"
rMSSD (ms) r=-0.107
p=0.138"°
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Frequency-domain parameters:
TP (m32) r=-0.161
p=0.026"
LF (ms®) r=-0.179
p=0.012"
HF (ms®) r=-0.189
p =0.008"
LFnu r=0.022
p =0.760"°
HFnu r=-0.109
p=0.127"°
LF/HF ratio r=0.076
p = 0.286™°
Heart rate r=0.107
p=0.135"°

*Moderately Significant p <0.05; NS: Not significant; BMI=body mass index
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Further, on admission clinical presentation, frequency distributions of risk factors are

presented in Table 13, Table 14, and Table 15 respectively.

Table 13: On admission clinical presentation of IHD in patients with and without MACE.

MACE Total
VARIABLES No Yes (n=197) P value
(n=185) (n=12)
Angina
e Negative 7(3.8%) 1(8.3%) 8(4.1%) ©
e Positive 178(96.2%) | 11(91.7%) | 189(95.9%) 1000
Pain Score
e No pain 76(41.1%) 1(8.3%) 77(39.1%)
e Mild 101(54.6%) | 11(91.7%) 11(5.6%) 0.042"
e Moderate 8(4.3%) 0(0%) 8(4.1%)
Dyspnea
e No 165(89.2%) 9(75%) 174(88.3%) \S
o Yes 20(10.8%) 3(25%) 23(11.7%) 0308

Chi-Square/Fisher Exact Test; *Moderately significant p <0.05; NS: Not significant.

Table 14: Frequency distribution of diabetes mellitus and hypertension in relation to

Outcome (with MACE and without MACE)

MACE
ezl P value
No Yes (n=197)
(n=185) (n=12)
DM
e No 123(66.5%) | 4(33.3%) 127(64.5%) X
0.044
o Yes 62(33.5%) 8(66.7%) 70(35.5%)
HTN
e No 118(63.8%) 7(58.3%) 125(63.5%) 000
o Yes 67(36.2%) 5(41.7%) 72(36.5%) '

Chi-Square/Fisher Exact Test; *Moderately significant p <0.05,; NS: Not significant; DM:
Diabetes mellitus; HTN: Hypertension.
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Table 15: Frequency distribution of smoking/alcohol consumption/tobacco chewing in

relation to Outcome (with MACE and without MACE)

: SMANCIE Total
Variables No Yes (n=197) P value
(n=185) (n=12)

Smoking

e No 123(66.5%) 9(75%) 132(67%) \S

e Yes 62(33.5%) 3(25%) 65(33%) o177
Tobacco Chewing

e No 177(95.7%) 12(100%) 189(95.9%) "

o Yes 8(4.3%) 0(0%) 8(4.1%) 1000
Alcohol
Consumption

e No 149(80.5%) | 10(83.3%) | 159(80.7%) "

e Yes 36(19.5%) 2(16.7%) 38(19.3%) 0888

Chi-Square/Fisher Exact Test; *Moderately significant p <0.05; + suggestive significance (P
value: 0.05<p<0.10); NS: Not significant.

Multivariate tests were performed to know the possible role of angina [(based on admission
pain score of No pain/mild pain/moderate pain: 0-10)], smoking, tobacco chewing, alcohol
consumption, and Killip class on HRV and STIs. Results showed a significant association of
angina with the HRV parameters (p = 0.012). Besides, with the corrected model angina had a
statistically significant effect on LFnu HRV parameter (p = 0.031). Further, results showed
no significant association of angina with the STIs. Predictors like smoking, tobacco chewing,
alcohol consumption, and killip class had no significant association with the HRV indices.
Whereas, with the corrected model, killip class had a statistically significant effect on total
power HRV parameter (p = 0.029). Furthermore, stated predictors had no significant
association with the STIs. While, with the corrected model, tobacco chewing had a suggestive
significant effect on LVET (p = 0.069). Likewise, with the corrected model, killip class had a

suggestive significant effect on PEP/LVET (p = 0.055).
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Multivariate tests were done to know whether diabetes mellitus (DM) and hypertension
(HTN) has got any effect on HRV and STIs. Both DM and HTN had no significant
association with any of the HRV and STIs. However, with the corrected model, hypertension

had a suggestive significant effect on QS, (p = 0.060).

OBJECTIVE 5.1. To evaluate the quality of life in post-PCI IHD patients with and without
MACE.

An independent t-test was performed to compare the post-PCI QoL measures in patients with
and without MACE. A statistically significant difference between 3- and 6-month post-PCI
PCS-12 scores were found between patients who had MACE and without MACE.

A two-way repeated measures ANOVA was performed to know the effect of PCI on quality
of life among IHD patients (Table 16). A significant variation amid pre- and post-PCl PCS-
12 scores (p = 0.039) were found.

Table 16. Comparison of post-PCI QoL measures between IHD patients with and without

MACE using independent t-test. QoL at 1-, 3-, and 6-month post-PCI using two-way repeated

measures ANOVA
MACE 2X3
Qe Total P value Repeated
measures No Yes ANOVA
PCS-12
e 1-month
post-PCl | 51.1546.26 | 46.69+1.94 | 51.04+6.22 0.221N8 Group
F=6.978,
e 3-month P:O._009 X
post-PCI | 52.86+256 | 48.67+4.62 | 52.75+2.68 | 0.007 Time
F=3.986,
e 6-month p=0.039
post-PCI | 52.89+2.42 | 49.67+4.04 | 52.80+2.50 | 0.027°
MCS-12
e 1-month |52.06+11.11 | 54.42+2.40 | 52.12+10.98 | 0.714"° Group
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QoL MACE 2X3

measures Total P value Repeated
No 11 ANOVA

post-PCI F=0.011,
P=0.981"%;

e 3-month Time
post-PCI | 53.96£5.19 | 54.00£1.73 | 53.96+5.12 | 0.988"° F=0.020,
p=0.887"°
e 6-month

post-PCI | 53.8545.19 | 54.33+1.53 | 53.86+5.12 | 0.873"°

* Moderately significant (P value: 0.01< p < 0.05); ** Strongly significant p <0.01; NS: Not

significant

. —— No MCE
MCE
52

50 4

PCS-12

48 o

46

Time

Fig 13. Physical component score (PCS-12) of quality of life at 1-, 3-, and 6-month post-PCI.

Bonferroni post-hoc test for multiple comparisons found that the mean value of PCS-12
scores measured were significantly different between [1 month post-PCI] and [3 month post-
PC] [p = 0.000, 95% C.I. = -1.924 to -0.603]; [1 month post-PCI] and [6 month post-PCI] [p
= 0.000, 95% C.lI. = -2.029 to -0.598]; [3 month post-PCI] and [1 month post-PCI] [p =
0.000, 95% C.I. =0.603 to 1.924] and [6 month post-PCI] and [1 month post-PCI] [p = 0.000,
95% C.I1. = 0.598, to 2.029] . There were no statistically significant differences between [3
month post-PCI] and [6 month post-PCI] (p=1.000) and [6 month post-PCI] and [3 month

post-PCI] (p=1.000) PCS-12 scores.
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Table. Pairwise Comparisons from Bonferroni post hoc test between 1-, 3-, and 6-month

post-PCIl PCS-12 scores.

Time (1)| Time (J) Mean Std. Sig.” | 95% Confidence Interval
Difference (1-J)| Error for Difference”
Lower Bound|{Upper Bound
2 -1.264" 0.272 |0.0007 | -1.924 -0.603
' 3 -1.313" 0.295 |0.0007| -2.029 -0.598
, 1 1.264 0.272 | 0.000" 0.603 1.924
3 -0.050 0.109 |1.000™%| -0.314 0.214
. 1 1.313" 0.295 | 0.000" 0.598 2.029
2 0.050 0.109 |1.000M| -0.214 0.314

Based on estimated marginal means *. the mean difference is significant at the 0.05 level. b.

Adjustment for multiple comparisons: Bonferroni. NS: Not significant.

OBJECTIVE 5.2. To determine the association of quality of life in post-PCI IHD patients

with STl and HRV.

Pearson’s correlation analysis was executed to distinguish the probable correlation between
the quality of life and systolic time intervals. All Physical component (PCS-12) scores had no
significant correlations with the STIs. Whereas, significant negative correlations were
observed between Mental component/MCS-12 (3 month) scores and PEP (3 months) (p =
0.020), MCS-12 (6 months) and PEP (6 months) (p = 0.030), MCS-12 (1 month) and
PEP/LVET (1 month) (p = 0.043), MCS-12 (3 months) and PEP/LVET (3 months) (p =
0.011), and MCS-12 (6 months) and PEP/LVET (6 months) (p = 0.005) (Table 17). Findings

suggest low QoL in mental domain contributes to increased systolic time interval.
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Table 17. Pearson’s correlation between systolic time intervals and quality of life in IHD

patients (n=121)

PCS-12 (1

month)

PCS-12 (3

months)

PCS-12 (6

months)

MCS-12 (1 MCS-12 (3 MCS-12 (6

month) months) months)

PEP (ms) (1
month)

PEP (ms) (3
months)
PEP (ms) (6
months)

r=0.022
p =0.808

r=-0.152
p =0.096

r= -0.007
p=0.943

r=-0.108
p =0.237
r=-0.211
p=0.020"
r=-0.197
p=0.030"

LVET (ms)
(12 month)
LVET (ms)
(3 months)
LVET (ms)
(6 months)

r=-0.081
p=0.379

r=-0.104
p =0.257

r=0.027
p=0.768

r=0.140
p=0.125
r=0.073
p =0.429
r=0.177
p = 0.052

QSz (ms) (1

month)

QS; (ms) (3

months)

QSz (ms) (6

months)

r=-0.065
p=0.478

r=-0.158
p=0.084

r=0.022
p =0.807

r=0.071
p=0.437
r =-0.025
p=0.785
r=0.084
p =0.360

PEP/LVET
(1 month)

PEP/LVET
(3 months)
PEP/LVET
(6 months)

r=0.050
p=0.582

r=-0.034
p=0.711

r =0.003
p=0.973

r=-0.184
p =0.043"
r=-0.231
p=0.011"
r =-0.254
p=0.005"

*Moderately significant p <0.05; NS: Not significant; PEP: Pre-ejection period; LVET: left

ventricular ejection time; PCS-12: physical component score; MCS-12: Mental component score
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Pearson’s correlation analysis was accomplished to recognize the possible correlation
between the quality of life and HRV indices. All QoL parameters had no significant
correlations with the HRV indices except the correlation between Physical component/PCS-
12 (1 month) scores and SDNN (1 month) with p = 0.026 (Table 18). Findings indicate low

QoL in the physical domain contributes to increased heart rate variability.

Table 18. Pearson’s correlation between HRV and quality of life in IHD patients (n=121)

PCS-12 (1 month)  PCS-12 (3 months) PCS-12 (6 months)
Time-Domain
parameters: r=-0.203
p=0.026"
SDNN (ms) (1 month)
r =0.007
SDNN (ms) (3 months) p=0.937"°
r=0.028
SDNN (ms) (6 months) p=0.761"°
rMSSD (ms) (1 month) r=-0.167
p=0.06"°
rMSSD (ms) (3 r=0.010
months) p=0916"°
rMSSD (ms) (6 r=-0.011
months) p=0.907"°
Frequency-domain
parameters: r=-0.148
p=0.106"°
TP (ms?) (1 month)
TP (ms?) (3 months) r=0.043
p=0.641"°
TP (ms®) (6 months) r=0.075
p=0.413"°
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PCS-12 (1 month)  PCS-12 (3 months) PCS-12 (6 months)
LF (ms?) (1 month) r=-0.055
p = 0.549"°
LF (ms?) (3 months) r=-0.001
p = 0.988"°
LF (ms?) (6 months) r=0.108
p=0.237"°
HF (ms?) (1 month) r=-0.167
p = 0.493"°
HF (ms?) (1 month) r=0.028
p =0.762"°
HF (ms?) (1 month) r=0.045
p =0.626"°
LFnu (1 month) r=0.022
p = 0.808"°
LFnu (3 months) r=0.010
p=0.912"°
LFnu (6 months) r=0.028
p = 0.764"°
HFnu (1 month) r=0.022
p=0.811"°
HFnu (3 months) r=0.035
p =0.702"°
HFnu (6 months) r=-0.015
p =0.874"°
LF/HF ratio (1 month) r =-0.055
p = 0.549"°
LF/HF ratio (3 months) r=-0.016
p = 0.862"°
LF/HF ratio (6 months) r=-0.035
p =0.700"°

*Moderately significant p <0.05; NS: Not significant; PCS-12: physical component score.

- page72



OBJECTIVE 6. To study the ability of 24h post-PCI STI and HRV indices in predicting
the occurrence of MACE among IHD patients

Sensitivity, Specificity, area under the curve and cut-off values with 95% confidence
intervals of all 24h post-PCI STI and HRV were found. None of the STIs presented the best
discriminatory power (area under the ROC curve >0.650) for the occurrence of Major adverse
cardiac events (Table 19).

Table 19. Sensitivity, Specificity, and area under the ROC curve of the 24h post-PCI STI

values to assess the presence of Major adverse cardiac events (n=145).

Pre-discharge Sensitivity Specificity  Cut-off AUC 95 % CI p-value
STI values values

PEP (ms) 57% 53% 85.50 0.601  0.371-0.832  0.366"°
LVET (ms) 86% 53% 28850  0.606  0.461-0.750  0.347™°
QS; (ms) 71% 51% 37250  0.677  0.504-0.849  0.116™°
PEP/LVET 57% 51% 0.292 0.555  0.327-0.784  0.622"°

AUC: area under the curve; Cl: confidence interval; Normalized STI values: Cut-off Values; *

Moderately significant p <0.05; NS: Not significant.

Whereas, total power (AUC=0.734; p=0.037) and LF (AUC=0.733; p=0.038) HRV indices
showed greater prognostic accuracy for the occurrence of MACE. (Table 20 and Fig. 14a
and 14b)

Table 20. Sensitivity, Specificity, and area under the ROC curve of the 24h post-PClI HRV
values to assess the presence of Major adverse cardiac events (n=145).

Pre- Sensitivity Specificity Cut-off AUC 95 % CI p-value
discharge values

HRYV indices

SDNN (ms) 57% 67% 44.49 0.694 0.521-0.866 0.085""
rMSSD (ms) 71% 63% 36.4 0.668  0.433-0.902 0.135"°
TP (ms?) 86% 61% 1225.73  0.734  0.592-0.876  0.037*
LF (ms?) 71% 69% 267.93 0.733  0.555-0.911  0.038"
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HF (ms?) 71% 73% 4179 0689 0.464-0.915 0.091"
LF/HF ratioc  43% 70% 052  0.427 0.160-0.693 0.513"°

AUC: area under the curve; CIl: confidence interval; Normalized HRV values: Cut-off Values; *
Moderately significant p <0.05.

ROC Curve

Sensitivity

0.0 02 04 05 08 10
1 - Specificity

Fig 14a. Sensitivity and Specificity of the total power HRV index to assess the presence of MACE.

ROC Curve

Sensitivity

T T
0o 02 04 06 08 10

1 - Specificity

Fig 14b. Sensitivity and Specificity of the low frequency power HRV index to assess the presence of
MACE.
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DISCUSSION



DISCUSSION

On admission, among IHD patient’s PEP and PEP/LVET ratios were higher when compared
to 24h post-PCI. Whereas, LVET increased in 24h post-PCl and sustained 6 months post-PClI
as compared to baseline values recorded on admission. While the duration of total electro-
mechanical systole (PEP and LVET) was increased at 24h post-PCI and decreased thereafter
in 3 months this did not reach baseline even after 6 months. Findings suggest that there was a
gradual reversal of sympathetic dominance and restoration of parasympathetic tone.

Furthermore, admission SDNN, rMSSD, TP, LF, HF, and HFnu HRV values were higher
when compared to 24h post-PCI with the LFnu and LF/HF ratios being lesser. Besides, when
compared to 24h post-PCI HRV values, there was an increase in SDNN, rMSSD, LF, HF,
and HFnu with a decrease in LFnu and LF/HF ratios at 3- and 6-month post-PCI which did
not reach baseline even after 6-months. Hence, it was shown that successful revascularization

would cause only a partial stabilization of vagal tone among IHD patients.

Also, the average heart rate raised 24h post-PCl which was consistent with enhanced
sympathetic activity and a decrease in parasympathetic activity. Later, it was observed that
there was a significant reduction in heart rate over time. Hence, findings suggested a decrease
in sympathetic activity in patients with IHD following revascularization was gradual at 3
months post-PCI when compared to 24h post-PCI. These outcomes could be explained by the
amplified state of sympathetic hyperactivity provoked due to acute stress or anxiety of
surgical procedure, which might have prevented HRV increase immediately after successful
revascularization. It was observed that the increase of SDNN post-PCI was significant in
subjects without pre-procedural anxiety compared with those with anxiety. (Delewi et al.
2016) In the present study, during pre-PCl ECG recordings angina/anxiety persisted in a few

patients. On multivariate analysis, it was revealed that angina had a significant association
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with the HRV parameters (p=0.012) especially LFnu (p=0.031) HRV index on admission.
While a significant association of angina was observed with the PEP (p=0.002) and

PEP/LVET ratios (p=0.001) also.

Also, it was observed in our study that there was a significant prolongation in PEP and
PEP/LVET ratios on admission in patients who had MACE. Whereas, as time progressed we
observed that there was an overall increase in LV performance as indicated by a significant
decrease in PEP and PEP/LVET post-PCI over time. All these findings suggested enhanced
pumping ability of the left ventricle in patients with IHD following revascularization
gradually yet significantly. Reant P et al. 2010 showed with the increase in LV ejection
fraction, PEP was significantly prolonged, and LVET significantly decreased, resulting in a
significantly prolonged PEP/LVET ratio in 134 patients with heart failure. In addition, in the
current study, there was a significant increase in SDNN, rMSSD, HF, and TP short-term

linear HRV indices on admission in patients who had MACE.

To the best of our knowledge, this is the novel attempt to execute the simultaneous
monitoring of STI and HRV. On admission, STIs exhibited a significant positive correlation
with the HRV indices. Based on the literature, “® findings suggested that simultaneous
monitoring of STI and HRV could be an ideal tool to assess cardiac autonomic function
among IHD patients. Accordingly, STIs may offer valuable understanding regarding cardiac
sympathetic (LVET) activity to complement the cardiac parasympathetic (HF) activity of
HRV among IHD patients. On the contrary, Sharma R et al. 2001 observed no significant
correlation between different STIs and autonomic functions. Hence results indicated
autonomic functions and STI could be independent predictors of normal cardiovascular

functioning.
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In our study, we found a significant negative correlation between the quality of life (MCS-12)
and PEP, PEP/LVET ratios. Furthermore, the correlation between the quality of life (PCS-12)
and SDNN was witnessed. Findings suggest low QoL in the mental domain (MCS-12)
contributes to increased STI (PEP and PEP/LVET ratios), while low QoL in the physical
domain (PCS-12) contributes to increased HRV (SDNN). The present study results were in
line with a study by Lu Wan-Chun et al. 2016 where 329 mentally and physically healthy
adults completed the Beck Anxiety questionnaire on quality of life. The findings of this study
pointed to a presumed underlying mechanism by which low HRQOL pnysica conferred elevated
risks for CVD and demonstrated the independent function of low HRQOL physical in reducing

HRV in healthy persons.

Besides, on correlation analysis QS; correlated negatively with the body mass index (BMI)
denoting decrease in the duration of total electro-mechanical systole with the upsurge in BMI
in the current study. Previous literature had recruited 98 healthy MBBS students (19 to 21
years) wherein peripheral arterial pressures and cardiac intervals (PEP, ejection time,
Upstroke time, Deceleration time, pulse duration, and ejection slope) were determined by
PeriScope™. Consequently, the authors suggested when drawing conclusions on LV
performance, gender, anthropometric measurements, and blood pressure should be considered

because they have an impact on cardiac time intervals. (Sadaf et al. 2020)

In addition, BMI had a significant negative correlation with the TP, LF, and HF HRV indices
suggesting reduced autonomic tone with an increase in BMI. Findings are on par with the
literature which says increased BMI can independently decrease HRV, particularly when
central adiposity is present.®® Our study which had comprised of 197 IHD patients, among
them 50% belonged to the overweight (BMI: 25-29.9 kg/m?; 41.1%) to obese category (BMI:
>30 kg/m?; 17%). Windham et al. 2012 analyzed time domain HRV variables (SDNN and

rMSSD) from 24-hour Holter monitoring in 159 participants (29 to 96 years). The authors
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observed that an increase in waist circumference was associated with a decrease in SDNN
and rMSSD in younger individuals. Accordingly, central adiposity possibly will contribute to
sympathetic and parasympathetic autonomic nervous system failures early in life. Yadav et
al. 2017 recruited 29 healthy controls of normal weight (BMI 18-24 kg/m?) and 30 adult
obese subjects (BMI >30 kg/m?). Waist-hip ratio (WHR) significantly correlated positively
with LFnu (r = 0.478, p <0.01) and LF/HF ratio (r = 0.479, p <0.01) according to Spearman's
correlation between HRV and obesity indices, whereas HF (r = 0.374, p <0.05) and HFnu (r
= 0.478, p <0.01) significantly correlated negatively with WHR. Hence, increased WHR
would be strongly associated with reduced cardiac parasympathetic and increased

sympathetic activity in obese individuals defined by BMI.

The present study results revealed that smoking, tobacco chewing, alcohol consumption, and
Killip class had no significant association with any of the HRV measures or the systolic time
intervals. Whereas with the corrected model, the Killip class had a significant (p = 0.029)
effect on the total power HRV index and which might have had a possible role to play in
cardiac autonomic dysfunction. Whereas according to a meta-analysis, when compared to
persons who smoke 20 cigarettes per day, people who smoke only around one cigarette per
day have a substantially higher than expected risk of getting coronary heart disease and

stroke.?®

According to a systematic review and meta-analysis by Roerecke and Rehm 2014
there is no dependable proof that persistent excessive drinking and IHD are protective of one

another. Therefore, excessive drinking of any kind should be avoided.

The present study results revealed that both DM and HTN had no significant association with
any of the HRV measures or the STIs. While Bassi et al. 2018 found that patients with
T2DM and HTN exhibited lower values of mean R-R intervals when compared with patients
who had only T2DM. Accordingly, HTN has got a negative influence on the cardiac

autonomic function in diabetes mellitus. However, a review by Benichou et al. 2018 included
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25 case-control studies; which consisted of 1,356 patients with T2DM and 1,576 healthy
controls. T2DM patients had significantly lower R-R intervals, lower SDNN, lower rMSSD,

lower pNN50, lower TP, lower LF, and lower HF.

A study by Wennerbloom B et al. 1998 enrolled thirty-two patients (32 to 81 years) with
recently developed angina, Holter-monitored 24-48h at baseline and after 4 to 5 days.
Patients were on isosorbide-5-mononitrate (IS-5-MN), metoprolol, and the combined
treatment. Wherein, 1S-5-MN had no effect on HRV. While, the current study patients were
on (n=187/197) nicorandil, isosorbide dinitrate, nitroglycerin, ranolazine, ivabradine,
isosorbide mononitrate, carvedilol antianginal drugs. Where the antianginal drugs (p = 0.004)
and antiarrhythmics (p = 0.023) had a significant effect on LVET (p = 0.006) and QS; (p =
0.019). Whereas, in a study by Perrot et al. 1997 using programmed ventricular stimulation,
50 individuals with cardiac illness and spontaneous sustained ventricular tachycardia (VT)
were investigated for HRV. They observed the outcome of treatment is not predicted by the
initial HRV. Despite the antiarrhythmics’ ability to prevent VT, quinidines and amiodarone
tend to lower HRV. Present study patients were on (n=04/197) amiodarone and digoxin
antiarrhythmics in whom a significant effect of antiarrhythmics on LVET (p = 0.006) and

QS; (p =0.019) were observed.

In the current study, a statistically significant difference between 3- and 6-month post-PCI
PCS-12 scores was found between ACS patients who had MACE and without MACE.
Besides, it was observed that there was a significant increase in the physical component score
of QoL with a non-significant increase in the mental component score of QoL post-PCI over
time when compared to 1-month post-PCI QoL scores. Furthermore, almost all QoL
parameters had significant correlations with the LVEF. Results indicated QoL measurement

after PCI could be a valuable tool to study the health-related QoL among ACS survivors.
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Anchah et al. 2017 enrolled 112 patients with newly identified ACS. Based on Malaysian
norms, at baseline, 6 months, and 12 months post-discharge authors compared the pre- and
post-quality of life of three groups (intervention [modified Cardiac Rehabilitation Programme
(MCRP)], conventional, and control), respectively. Short-Form 36 Questionnaire was used to
procure QoL data. At the end of the 12-month follow-up, the MCRP participants

accomplished well in their PCS than those in the conventional CRP and control groups.

Also, in this study, we show that, in ACS patients treated by PCI, HRV assessed 24h post-
PCI using Lead-1l ECG was the independent predictor of MACE, including death and re-

AMI. Sensitivity and specificity values of 24h post-PCI HRV indices were also evaluated.

As a main finding, we found that the indices which presented the best discriminatory power
for the occurrence of MACE were TP <1225.73 ms? and LF <267.93 ms®. While a study by
Balanescu S et al. 2004 assessed the prognostic value of HRV parameters 1 year after AMI
treated conventionally or by a reperfusion method in the first 12 hours from the symptom
onset. The authors had included 463 consecutive patients with AMI 60.6+13.0 years old. Two
hundred and eleven patients were treated by thrombolysis or primary percutaneous
transluminal coronary angioplasty; the other 251 patients received conventional therapy.
Results of the study showed the incidence of cardiac death was 14.7%, while that of sudden
death was 4.8%. Both were higher in patients treated conventionally. Patients treated by
reperfusion had higher HRV parameters reflecting both vagal and sympathetic activity
(SDNN and total power) as well as those expressing only vagal output (rMSSD and HF
power) than conventionally treated subjects. The variables independently correlated with 1-
year survival were SDNN <50 ms, rMSSD <20 ms, LF/HF >2, non-sustained ventricular

tachycardia, and LVEF <40%.
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Also, Coviello et al. 2013 measured the prognostic value of HRV in STEMI patients treated
by PTCA and optimal medical therapy among 182 patients with a first STEMI (59.1+8.11
years). At a follow-up of 42+23 months, MACE occurred in 14 patients (7.6%; 3 deaths and
11 re-AMIs). They observed HRV parameters before discharge were significantly lower in

patients with MACE, with SDNN, very LF, and LF amplitude being the most predictive

variables.
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SUMMARY AND CONCLUSION

In conclusion, the study showed on admission PEP and PEP/LVET ratios were higher when
compared to 24h post-PCI in IHD patients. Whereas, LVET increased in 24h post-PCI and
sustained 6 months post-PCI as compared to on admission values. While the duration of total
electro-mechanical systole (PEP and LVET) was increased at 24h post-PCI and decreased

thereafter in 3 months.

Likewise, admission SDNN, rMSSD, TP, LF, HF, and HFnu HRYV values were higher when
compared to 24h post-PCl with the LFnu and LF/HF ratios being lesser. Further, when
compared to 24h post-PCI HRV values, there was an increase in SDNN, rMSSD, LF, HF,

and HFnu with a decrease in LFnu and LF/HF ratios at 3- and 6-month post-PCI.

Follow-up analysis showed a significant rise in HRV and a reduction in STIs indicating

gradual but significant restoration in cardiac autonomic tone.

Similarly, it was observed that there was a significant prolongation in PEP and PEP/LVET
ratios at baseline in patients who had MACE. As time progressed there was a significant

decrease in PEP and PEP/LVET ratios when compared to 24h post-PCI STI values.

Also, a significant increase in baseline SDNN, rMSSD, HF, and TP was seen in patients who
had MACE. The resultant sensitivity and specificity of HRV are still limited in the present
study. Particularly, its sensitivity is higher (43% to 86%) with a modest specificity (61% to
73%). Moreover, when compared to 24h post-PCI HRV values there was an overall increase
in SDNN, rMSSD, HF, LFnu, and HFnu with a significant decrease in LF/HF ratio 3- and 6-
month post-PCI. A decrease in 24h post-PCI HRV values implied that this surgical treatment

might have altered the cardiac autonomic balance.
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Further, 1-month post-PCIl QoL PCS-12 scores were higher in IHD patients without MACE
when compared to the patients who had MACE. Besides, their MCS-12 scores were lower in
patients who escaped MACE when compared to patients with MACE. Still, PCS-12 scores
increased significantly 3-and 6-month post-PCl with MCS-12 scores being no significant

change when compared to 1-month post-PCI scores.

Heart rate variability being a non-invasive, inexpensive, and simple technique perhaps
clinically be useful in the prognostic evaluation of the incidence of adverse events in patients

with acute coronary syndrome.

Besides, with the help of pulsed-Doppler echocardiography, the current study could precisely
assess STIs as a measure of LV systolic function in patients with IHD. In addition, close
monitoring of STIs may help to recognize subjects with early LV dysfunction and also in the
management of IHD. Assessment of STI would give us significant information about LV

contractility and early indicator of the severity of LV systolic dysfunction.
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STRENGTHS AND LIMITATIONS

STRENGTHS OF THE STUDY

» Not many studies are available wherein the measurement of STI was done using the
pulsed-Doppler technique.

> Likewise, the current study incorporated simultaneous monitoring of HRV and STI to
evaluate the cardiac autonomic function, which is also a novel attempt.

» The study was conducted using an adequate sample size with 90% power. Hence the
results of this study could be helpful to clinicians in the management of IHD and their
QoL.

> Inter-observer bias was less likely because the study was conducted by a single

researcher.

LIMITATIONS OF THE STUDY
> Despite a long recruitment period, the present study was conducted in a single center

only. The utility of HRV or STI as one of the prognostic evaluators for IHD must
therefore be further validated by multi-centric large-scale randomized trials.

> Additionally, pre-procedural anxiety was not evaluated in the current investigation,
which would have provided us with additional context for the post-PCI variation in

HRV or STI indices.
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ANNEXURE-I

PATIENT INFORMATION SHEET AND WRITTEN INFORMED
CONSENT FORMS

Date:

Name of the Organization: Sri Devaraj Urs Medical College, Tamaka, Kolar

Name of the Investigator and Department: Smitha P S, Ph.D. Scholar, Department of

Physiology, SDUMC, Tamaka, Kolar

Name of the Supervisor and Department: Dr. Vinutha Shankar, Professor, and Head,

Department of Physiology, SDUMC, Tamaka, Kolar

Name of the Associate Supervisor and Department: Dr. Raveesha, Professor, and Head,

Department of Medicine, R L Jalappa Hospital, Tamaka, Kolar

Title: Evaluation of Systolic Time intervals and Heart Rate Variability as indicators of

Cardiac autonomic function among male Ischemic heart disease patients.

Introduction:

| am Smitha P S, the lead researcher of this study. | welcome you to the above-said research
study. The information provided in this document will help you to participate or not to

participate in this study. You may ask me about any doubts or misconceptions you have.

Purpose of the research:

Heart attack is the most common cardiovascular disease and most common burden. The most
prominent risk factors for Myocardial Infarction are Old age, Smoking, Hypertension,
Diabetes mellitus, and total cholesterol and high-density lipoprotein levels. Other risk factors

include male sex, low levels of physical activity, a past family history, obesity, and alcohol
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use. Many risk factors for heart attack are potentially modifiable, with the most important
being tobacco smoking. Left ventricular dysfunction is a sequel/consequence of a heart attack
and can progress toward heart failure in the long run. In such cases, it will be difficult for a

Clinician to manage the disease progression.

The autonomic nervous system is a division of the peripheral nervous system that supplies
smooth muscle and glands, and thus influences the function of internal organs. The
autonomic nervous system is a control system that acts largely unconsciously and regulates
bodily functions, such as the heart rate, digestion, respiratory rate, pupillary response,

urination, and sexual arousal.

In addition, the assessment of health-related quality of life (HRQoL) is an important measure
of a patient’s recovery after an illness. Little is known about the HRQoL among acute

coronary syndrome (ACS) patients.

Therefore, the present study is designed to evaluate the potential role of Systolic Time
Intervals (STI) as a useful tool in diagnosing left ventricular dysfunction in patients with
ischemic heart disease who will be willing to undergo percutaneous coronary intervention
and to compare Systolic time intervals predictor accuracy with Heart rate variability
measurements in evaluating the presence of Cardiac autonomic dysfunction among male
ischemic heart disease patients. Furthermore among ACS patients, quality of life assessment

will be done using a validated SF-12 health survey questionnaire post-PCI.

Duration of the study: 03 years

Protocol for Study:

The study will be approved by the central ethical committee. Details of the study will be

explained to all the subjects & written informed consent will be taken.
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A general Physical examination of the patient will be done. The height and weight of the

recruited subjects will be measured.

Next, the Systolic & diastolic blood pressure will be measured.12-lead electrocardiogram

recording of all subjects will be done.

For all the recruited subjects; in the supine position, during normal breathing, simultaneous
recording of an electrocardiogram, pulsed-wave Doppler echocardiogram) and the recording
of lead-I1 electrocardiogram (to measure systolic time intervals) will be done four times: that
is before percutaneous coronary intervention (PCI), 24 hours post-PCl, 3- and 6-month post-

PCI.

During heart rate variability measurements, exposure of subjects to too bright light or noise
will be avoided & the room temperature will be maintained at 22°C to 26°C. Subjects will be
asked to refrain from wearing accessories (ring, watch) that may interfere with the accurate
measurement. During the measurement, study subjects will be asked not to move or talk,
close their eyes or fall asleep, because it will have an effect on the test variables. So we
request you to cooperate. In addition, participants will be requested not to control their

breathing intentionally and for experimentation.

In addition, for all the post-PCI patients; to assess health-related quality of life (HRQoL)
Short-form 12 (SF-12) health survey questionnaire will be used. Accordingly, QoL scores
(Physical component scores/PCS-12 and mental component scores/MCS-12) will be
measured thrice: that is 1-month post-PCl/post-phase 2 cardiac rehabilitation, 3 months post-

PCI, and 6 months post-PCI.

Side effects: No known, expected side effects will occur during the study period, and in such

cases, suitable care will be provided.
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Risks/ discomforts / anticipated risk: The procedure is not invasive. For any discomfort

during the procedure, suitable care will be provided.

Benefits:

Cases: All the study subjects will be investigated free of cost. Physician consultation and
assistance will be given by the PIl. Advanced management if required beyond the facilities
available at our center, referral center and assistance regarding the competent physician shall
be extended by the PI. Psychological counseling and moral support will be extended by the PI

to both study subjects and their relatives.

For the Community: The present study shall enable clinicians to identify the ischemic heart

disease process at an earlier stage which will benefit the community.

Confidentiality:

Participant details will not be disclosed at any moment until & unless compelled by the law
or court. Participation is purely voluntary basis of the study participant. The right to refuse or
withdraw participation is purely voluntary and you may not be under any obligation to
participate in this research, consequently, there won’t be any variation in the medical services

required for you.

There will be no costs to you from this test. | personally do these experiments (measurements
of systolic time intervals and heart rate variability). | and our research team will let you know
if you have any doubts at the time of registration. If you ever need a medical opinion, I certify

that you will be guided by a hospital with more facilities.

If you have any doubts, contact the
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Principal researcher: Smitha P S; Contact number: 9900489490 and email address:

smithapsl@gmail.com

Supervisor: Dr. Vinutha Shankar MS Professor, and Head, Dept. of Physiology; Contact

number: 9845065374

Associate Supervisor: Dr. Raveesha A Consultant Physician, Professor, and Head, Dept. of

General Medicine, Contact number: 9448448353.
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Written Informed Consent

Title: Evaluation of Systolic Time intervals and Heart Rate Variability as indicators of

Cardiac autonomic function among male Ischemic heart disease patients.

| have understood the details of the research proposal and had the opportunity to discuss the
details of the project and ask questions to clear any doubts. | hereby confirm to participate in
this study and undergo the tests at the required intervals. I consent voluntarily to participate

as a participant in this research.

| understand that I can withdraw my consent anytime if | so desire.

Name of the Patient:

Signature/Thumb impression:

Address:

Email address:
Date:
Witnesses names and signatures:

1.

A copy of this Informed Consent Form has been provided to the participant.

Signature of the Principal Investigator
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ANNEXURE-II

Health-related Quality of life Short-form 12 questionnaire
(SF-12 Health Survey)

This survey asks for your views about your health. This information will help keep track of
how you feel and how well you are able to do your usual activities. Answer each question by
choosing just one answer. If you are unsure how to answer a question, please give the best
answer you can.

1. In general, would you say your health is:

ol Excellent 02 Verygood o3 Good o4 Fair o5 Poor

The following questions are about activities you might do during a typical

day. Does your health nowlimit you in these activities? If so, how much?

YES, YES, NO, not
limited limited limited
alot a little at all
2. Moderate activities such as moving a table, ol 02 03
pushing a vacuum cleaner, bowling, or playing
golf.
3. Climbing several flights of stairs. ol 02
o3

During the past 4 weeks, have you had any of the following problems with
your work or other regulardaily activities as a result of your physical

health?
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YES NO
4. Accomplished less than you would like. ol 02

5. Were limited in the kind of work or other activities. ol o2

During the past 4 weeks, have you had any of the following problems with
your work or other regulardaily activities as a result of any emotional

problems (such as feeling depressed or anxious)?

YES NO
6. Accomplished less than you would like. ol 02
7. Did work or activities less carefully than usual. ol 02

8.During the past 4 weeks, how much did pain interfere with your normal

work (including work outsidethe home and housework)?

ol Notatall o2 A little bit o3  moderately o4 Quite a bit

o5 Extremely

These questions are about how you have been feeling during the past 4 weeks.
For each question, please give the one answer that comes closest to the way

you have been feeling. How much of the time during the past 4 weeks...

All Most A Some A Noneof
of of the good of the little the
the Time bit of time of time
time the time the
time
9. Have you felt calm & ol 02 o3 o4 05 o6
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peaceful?

10. Did you have a lot of ol 02 03 o4 05 06
energy?

11. Have you felt down-hearted &1 02 o3 o4 o5 06
and blue?

12. During the past 4 weeks, how much of the time has your physical
health or emotional problemsinterfered with your social activities (like

visiting friends, relatives, etc.)?

ol All of the time 02 Mostofthetime ©3 Some of the time
o4 A little of the time o5  None of the time
Patient name: Date: PCS: MCS:

Visit type (circle one)

Preop 6 week 3 month 6 month 12month 24 month  Other:
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ANNEXURE 111

PROFORMA

Date:

Title: Evaluation of Systolic time intervals and Heart rate variability as indicators of Cardiac

autonomic function among male Ischemic heart disease patients

General Physical Examinations:
1. Patient ID:
2. Name of the Subject:
3. Address with Contact number:
4. Age/ Gender: years/

5. Occupation: Employed/Unemployed

6. Height: cm

7. Weight: kgs

8. Blood Pressure (SBP/DBP): mm Hg
9. PICCLE:

10. COVID-19: Positive/Negative; Test done/Not done

History of (personal and clinical): risk factors for IHD
¢ Killip classification of MI: Class I/Class 11/Class I11/Class IV
e Cigarette Smoking/Beedi: Yes/No; H/O or Current smoker: 1/5/10 cigarettes/day;
Duration:
e Tobacco chewing:
e Alcohol consumption: yes/no; H/O or Current alcoholic: H/O or Current alcoholic: >5

units (One unit equals 10ml or 8g of pure alcohol, which is around the amount of
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alcohol the average adult can process in an hour) of alcohol daily — sustained for 3
months duration

Exercise: Yes/No; Physically active: Yes/No

Pain score:

Chest pain: Location-score: 0-1 (No pain)/1-3 (Mild)/4-7 (Moderate)/8-10 (Severe)
Dyspnea: Yes/No

Heartburn: Yes/No

Psychological: anxious/depressed/angry/suicidal/homicidal
Diabetes mellitus: Yes/No

Hypertension: Yes/No

Cardiac disease: Yes/No

Medications:

On B-blockers: Yes/No

On vasodilators: Yes/No

On calcium channel blockers:

On ACE inhibitors: Yes/No

On angiotensin 11 receptor blockers/Antagonists: Yes/No
On oral hypoglycemic agents/Insulin: Yes/No

On Statins: Yes/No

On anticholinergics: Yes/No

On diuretics: Yes/No

On anti-thyroid drugs: Yes/No

On thyroid hormone supplements: Yes/No

On anticoagulants: Yes/No

On antiplatelets: Yes/No
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e On blood thinners: Yes/No

e On nitrates: Yes/No

e On cardiac glycosides: Yes/No

e On antacids: Yes/No

e On hematinics: Yes/No

e On multivitamins: Yes/No

> Self-reported:

e Depression: Yes/No

e Psychosis: Yes/No

e Rheumatic heart disease: Yes/No

e Parkinson’s disease: Yes/No

e Multiple sclerosis: Yes/No

e Rheumatoid arthritis: Yes/No

e Systemic lupus erythematosus: Yes/No
e Psoriasis & psoriatic arthritis: Yes/No
e Amyloidosis: Yes/No

e Malignancy: Yes/No

e Anxiety: Yes/No

e Stress: Yes/No

Family history: Significant/Not significant

12-lead ECG findings:
e Heartrate: bpm
e STEMI/NSTEMI:

e Atrial fibrillation: Present/Absent
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Supraventricular tachycardia: Present/Absent

2D-Transthoracic echo report: Pulsed wave Doppler findings

IHD:

Chamber dimensions: Normal/Abnormal

RWMA: Yes/No

EDDd: mm, ESDd: mm  Stroke volume: ml

Fractional shortening: %

MR: Trivial/Mild (Grade I)/Moderate(Grade I1)/Severe (Grade I11)

LV systolic function: Normal/ Preserved/Mild LV systolic dysfunction/Moderate
LVSD

TR: Trivial/Mild/Moderate/Severe

AR: Trivial/Mild/Moderate/Severe

E/A ratio = E>A (Normal) / A>E (2:1) (Impaired) / E>A (Pseudo normal) / E>>A
(3:1)

Diastolic dysfunction: Grade | /Grade Il /Grade Il

Clot/veg/P.E.: Yes/No

LVEF: %

Systolic time intervals: (5-lead ECG & pulsed Doppler Echo)

Pre-gjection period (PEP): ms
Left ventricular ejection time (LVET): ms
Total electro-mechanical systole (QS,): ms

Heart rate variability measurements:

Time domain parameters:
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1. SDNN: ms

2. RMSSD: ms
3. NN50:
4. pNNS5O: %

» Frequency domain parameters:

2

1. Total power: ms

2. Low frequency (LF) power: ms?
3. High frequency (HF) power: ms?
4. LF norm:

5. HF norm:

6. LF/HF ratio:

I11.  Quality of Life (QoL) assessment using a Short form-12 health survey

guestionnaire

1. PCS-12 score:

2. MCS-12 score:
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RECOMMENDATIONS

FURTHER RESEARCH

1. Histological and immunohistochemical study: The myocardial tissue could be
harvested during the autopsy, for the immunohistochemical study. Myocardial fragments

could be analyzed for the occurrence of infarct/interstitial fibrosis and LV performance.

2. Patients undergoing revascularization for IHD may experience less anxiety if they are
given better pre-procedural information on coronary intervention or pharmaceutical
methods. Further research might be done to understand how yoga and exercise
training could affect the cardiac autonomic balance in these patients as potential

future directions.

FUTURE IMPLICATIONS

Since the study showed significant changes in STIs (PEP and PEP/LVET) and short-term
linear HRV indices (SDNN, rMSSD, HF, and TP) after successful revascularization with PCI
in patients who had MACE implied that this surgical treatment might have altered the cardiac
autonomic balance. Hence, future studies/clinicians might consider using these metrics as

prognostic indicators.
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