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ABSTRACT
ANALYSIS OF LONG-TERM HEART RATE VARIABILITY USING LABVIEW
by
Daniel Yang
Long-term heart rate variability measurement is important in understanding the activities
of the autonomic nervous system. Many methods and implications of long-term HRV
were available in the literature. The first two studies focused on two data analysis
techniques that were used on a normal subject. The first study focused on the 1/f
fluctuations. For this analysis, three 11h heart rate variability data sets were collected
with the Polar Vantage NV. A LabVIEW program was used to calculate the power
spectrum of the heart rate, and then the 1/f line was calculated by taking the log of the
power spectrum versus the log of the frequency. The second study focused on the 24h
circadian rhythm characteristics from the low frequency and high frequency portions of
the HRV spectrum. The same watch was used to collect three 22h heart rate variability
data sets. The 22h data sets were divided in to 15min segments. The same computer
algorithm was used to calculate the low and high frequency portions of the power
spectrum. The plot of the low frequency and high frequency versus time was determined
The third study focused on the non-linear dynamics of the HRV. For this
analysis, fifteen long-term ECG data sets were collected with the Polar NV watch from 2
cardiac patients and 3 healthy subjects. 1h interval was obtained from each data set, and
each data set was analyzed using the Benoit 1.1 R/S analysis program and the LabVIEW
standard deviation program. The results showed that in normal subjects at rest, the 1/f
fluctuation was observed and the 2-hour circadian rhythm was present. The non-linear

dynamics of HRV was useful in separating the healthy from the cardiac patients.
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CHAPTER 1
INTRODUCTION

1.1 Objective

The goal of this project is to analyze long-term heart rate variability (HRV). In the
literature, there have been many studies done in the area of long-term HRV, particularly
1/f, circadian thythm and non-linear dynamics. The literature cited the methods and their
implications. It is our goal to apply their techniques and reproduce their findings.

Long-term HRV recording and analysis are important in understanding the
activities of the autonomic nervous system (the sympathetic and the parasympathetic
nervous systems) over a 24h period. Long-term HRV application in clinical situations has
been proven crucial. With continuous (long-term) ECG recordings, physicians can see
how their patients are doing on the operating table and during recovery, and by using
continuous ECG and heart rate, physicians can detect early the killer cardiac arthythmias
for patients suffering from myocardial-infarction. Furthermore, the continuous (long-
term) monitoring of the fetus during labor may save the fetus from distress[1]. We will

discuss in section 1.3 the full implications of HRV recording and analysis.



1.2 Background Information
1.2.1 Anatomy and Function of the Heart
The human heart is a mechanical as well as an electrical system. Mechanically, the heart
is a four-chambered pump for the circulatory system. The ventricles are the main
pumping chambers while the atria are chambers which aid in the pumping. During a
typical heart cycle, the atria contract pushing the blood into the ventricles. Next, the
ventricles contract pushing the blood into the arteries, this is also called systole. Then, the
atria relax causing the blood to flow in from the veins. Finally, the ventricles relax
causing the blood to fill the ventricles; this is also known as diastole. The well-
coordinated contraction of the ventricles and atria are the result of electrical actions
taking place within the heart. Electrically, an action potential is generated at the
sinoatrial (SA) node (Figure 1.1)[1]. Then, the action potential spreads over the atrial
muscle causing the atria to contract. Next, the action potential passes through the
atrioventricular (AV) nodes causing a 0.1s delay. The action potential then spreads over
the ventricles causing the ventricles to contract. Finally, the atria relax and then the
ventricles relax.

The human heart beats by itself because the process described above will repeat
itself automatically. Since the heart produces bioelectrical signals, the electrical activity
of the heart can be picked up, amplified, and recorded [2]. The best method has been
through noninvasive means such as making electrical measurements of the heart. A
voltmeter measures the voltage across the heart such as using a lead I configuration

(Figure 1.2) [1].
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Figure 1.1 The conduction system of the heart[1].

A standard diagnostic ECG recording uses the 12 standard leads, which will be described
in section 1.2.2. From the ECG measurement we know that every heart beat has a P,
QRS, and T waveform, also called the deflection waves. First, we see the P wave with an
amplitude of 0.25mV corresponding to the atrial contraction and depolarization (Figure

1.3) [1].



Figure 1.2 Standard notation for leads I, IT & IIT [1].
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Figure 1.3 The electrical active regions of the heart [1].
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The P wave lasts for about 0.08s and about 0.1s after the P wave had begun, the atria
contracts. Next, we see the QRS complex, which corresponds to the ventricular
contraction and depolarization with the R wave having an amplitude of 1-1.5mV. The
average time for the QRS complex is about 0.08s. Its distinct shape reflects the different
size of the ventricle and the time required for each ventricle to depolarize. Finally, we
see the T wave with an amplitude of 0.1-0.5mV corresponding to ventricular relaxation
and repolarization. This wave typically lasts for 0.16s and its shape reflects that atrial
repolarization was over shadowed by ventricular excitation. From the measurement, we
can see that the P-R interval lasts for 0.16s corresponding to the beginning of atrial
excitation to the beginning of ventricular excitation (Figure 1.3)[1]. This interval also
includes the atrial contraction as well as the depolarized wave passing through the AV
node. The QT interval lasts for 0.36s corresponding to the beginning of ventricular
depolarization through ventricular repolarization[2]. The P-P interval is an indicator of
time per beat, 1/HR. For example, a person’s heart beating 60bpm will have P-P interval
of 1s. Actually, we know from the ECG measurement that the average heart rate is 70
beats/min. For a healthy heart, the patterns in the ECG measurement should be
consistent. If the patterns within the waves such as the size, timing and duration are
changed, then there may be a region of myocardial infart or some problems within the

conduction system.



1.2.2 ECG: Making the ECG Measurement

In this section, we will discuss the mechanism of making the ECG recording. First, the
beating heart gives off electrical signals, which can be used to know more about the
functions of the heart. Basically, the ECG is a measurement of the electrical events
within the heart. Second, the electric potentials produced by the heart can be seen
throughout the whole body and on the skin. We can measure the differences in the

potential by placing electrodes on the skin (Figure 1.4)[1].

Figure 1.4 Dipole moment of the heart with the dipole moment vector M [1].

Next, since the voltages are different with respect to where the electrodes are placed from
the heart, we need to have standard positions.

In clinical application of ECG, the 12 lead system has been used as the standard



[1]. Inthe 12 standard leads, there are 6 leads in the frontal plane and 6 leads in the
transverse plane. The frontal plane is the plane of the body that is parallel to the ground
when lying on the back. First, in Figure 1.5, we see 3 leads of the frontal plane, leads I, 11
and III, forming what is called the Eindhoven’s triangle. Using Kirchoff’s voltage law,
we can express the relationship as a vector addition: I + Il + IIl = 0. Second, in Figure
1.6, we see how the other three frontal leads are formed, augmented leads aVL, aVR and

aVF.

® ®
RL LL

Figure 1.5 Frontal plane: standard leads I, IT & III [1].
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Figure 1.6 Frontal plane: connections for the 3 augmented leads [1]. °

Next, in order to get the ECG on the transverse plane(the plane of the body that is

parallel to the ground when standing up), electrodes are placed on the chest wall. In



Figure 1.7, we see that from these electrodes, the other 6 transverse leads are obtained,

leads V1, V2, V3, V4, V5 and V6.
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Figure 1.7 Transverse plane: the 6 precordial leads and their electrode placements[1].

With the usage of 12 standard leads, the ECG has been widely used as a diagnostic tool.
Cardiologists now have an ECG standard they can agree upon to determine the cause of a
cardiac problem. For example, an inverted or lost P wave can mean that the AV node has
been acting as the pacemaker. Furthermore, heart conditions such as atrialventricular
(AV) block (Figure 1.8a&b)[1], premature ventricular contraction (PVC) (Figure 1.9)[1],
paroxysmal tachycardia and atrial flutter(Figure 1.10a&b)[1], and atrial and ventricular

fibrillation(Figure 1.11a&b)[{1] can be easily detected.
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Figure 1.8 Atrioventricular (AV) block[1].
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Figure 1.9 Extrasystole also known as premature ventricluar contraction(PVC) [1].
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Figure 1.10 Paroxysmal tachycardia and atrial flutter: rapid beating rates
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Figure 1.11 Atrial fibrillation and ventricular fibrillation: uncoordinated beating[1]
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1.3 Literature Review
1.3.1 HRV
In this section we will discuss why heart rate variability is such an important
measurement of the activities of the autonomic nervous system (sympathetic and
parasympathetic nervous systems). We begin the discussion by explaining the
significance of heart rate and HRV in general terms. We know that when a person
increases physical activity, the heart rate also increases. Similarly, when the body is at
rest, the heart beats are regular, but there is still a significant variation. Basically, the
study of HRV is concerned with the amount of variation and the pattern of variation in
the heart rate. This is the reason we emphasized the importance of ECG because we will
derive the heart rate information from the ECG.

Cardiovascular variables such as the heart rate, arterial blood pressure, stroke
volume and the shape of the ECG wave complexes all fluctuate on a beat-to-beat basis.
In the past, these fluctuations have been ignored or averaged out as noise. The variability
in cardiovascular signals reflects perturbations to the cardiovascular function and the
dynamic response of the cardiovascular regulatory system[3]. Over the last thirty years,
HRYV has been gaining attention as a prognostic indicator of risk factors associated with
number of chronic diseases, behavioral disorders, mortality, and even aging[4]. It has
been found that greater variability is better or healthier(Figure 1.12). In contrast, a lack of

variability is a sign of disease (Figure 1.13).
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Figure 1.12 HR Normal Subject

Figure 1.13 HR Severe Diabetic Neuropathy

From HRYV research, it has been reported that when a person is under stress

(Figure 1.15), there is a decrease in the power in the HF (0.15-0.4Hz) region of the HRV

power spectrum from normal (Figure 1.14). This decrease in the HF region indicates a

decrease in the parasympathetic activity (rest and relaxation). Similarly, it was found that

the power in the LF (0.05-0.15Hz) region reflects the activities of both the sympathetic

and the parasympathetic nervous system[4].
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Figure 1.14 Subject normal/healthy.

104
410 =
tachogram
§3.1D‘-
L
2 4
E210% 20 XB 4% Wt TiC
% best number
BRI N LF ¢HF = 6.90
0 T T T
0 0.1 0.2 0.3 04 05
frequency(cib]

Figure 1.15 Subject under stress.

Risks of many chronic diseases can be determined by measuring the power in the

low frequency and high frequency regions of the power spectrum. As mentioned earlier,
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these regions correspond to the activities of the sympathetic and parasympathetic nervous
systems. In the case of sudden infant death syndrome(SIDS), it was found that decrement
in natural log-transformed low-frequency power was associated with a decrease of 70%
in the hazard for all-cause mortality[4]. In the case of all-cause(cancer, cardiovascular
disease, etc.) mortality in the elderly cohort, increased sympathetic tone or decreased in
parasympathetic tone will predispose a patient to ventricular fibrillation, and reduced
HRYV associated with increased mortality[4]. Furthermore, in the case of drug addiction,
it has been proposed that strong sympathetic reactivity and a fast return to relaxed
baseline is a sign of physiological toughness, associated with advanced mental and
physical health[4].

The Polar Vantage NV watch was also used to perform short term HRV studies.
In Table 1.1(see complete list in Appendix A), the case of the essential
hypertension:day(at rest), the low frequency power in the hypertensive subjects was
significantly higher than the borderline hypertensive subjects, while the high frequency
component was significantly less than for normal subjects[6]. Next, in the case of SIDS,
an increase in the low frequency(LF) power is an indication of higher risk. Moreover, in
the case of diabetic neuropathy:tilt, when tilting or standing, the increase in LF and
decrease in high frequency(HF) components were greatly diminished[6]. Finally,
smoking is followed by an increased LF component with a decreased in HF component.
The LF/HF ratio is high, 1.5, during rest which corresponds to greater sympathetic

activity.



15

Table 1.1 Polar HRV Results

Diseases

[Power spectral density LF ! HF LF/HF
essential hypertension: rest > I = >
|essential hypertension: tit | >> l - >>
Iesscntial hypertension: day (at rest) I >> I < >
lcsscnﬁal hypertension: night (at rest) I > I - l ”
|diabeﬁc neuropathy: mild l < I < l =
|diabetic neuropathy: severe | << | << [ =
Idiabcﬁc neuropathy: tilt [ ) I < l >
|smolking: acute l > | < | >
|smolcing: chromic , = | << [ >
ISIDS risk | > | < [ >
Itetraplcgie | 2 | =

[stress | > ’ < I >

>increase, < decrease, = no changes, multiple arrow = intensity, () slightly, @ not existant

In R.P. Sloan’s[7] study with ambulatory subjects, the results revealed significant
effects of individual differences, stress, and physical position on RR interval, with
increases in stress associated with decreases in RR interval as expected. HF power was
significantly lower and LF/HF ratio significantly higher in the standing compared with
the sitting position. Psychological stress was significantly associated with an increased in
the LF/HF ratio, suggesting increases in the relative predominance of sympathetic
nervous system activity during stressful periods of the day. L. Bernardi[8] proposed that
diabetic subjects have a high incidence of cardiovascular accidents, with an altered
circadian distribution and the abnormalities in the circadian rhythm of autonomic tone
may be responsible for this altered temporal onset of cardiovascular disease. He found
that diabetic subjects with or without signs of autonomic neuropathy have decreased
vagal activity (a relatively higher sympathetic activity) during the night hours and at the

same time of the day, during which a higher frequency of cardiovascular accidents has
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been reported. This study will give us insight into increase cardiac risk of diabetic
patients if autonomic neuropathy is present. H.V. Huikuri[9] investigated whether there
was a temporal relation between changes in HRV and the onset of spontaneous episodes
of ventricular tachycardia(VT) in patients at high risk of life-threatening arrhythmias. He
commented that low HRV is associated with an increased risk of arrythmic death and VT.
He found that spontaneous episodes of VT are preceded by changes in HRV in the
frequency domain. Divergent dynamics of HRV before onset of nonsustained and
sustained VT episodes may reflect differences in factors that can facilitate the
perpetuation of these arrhythmias. G.E. Billman[10] investigated the effects of
physiologic perturbations such as exercise have on the HRV with animals known to be
susceptible ventricular fibrillation. He commented that periodic fluctuations in the R-R
interval have been used as noninvasive measures of cardiac autonomic tone, and a
reduced HRV has been shown to correlate with an increased mortality in patients
recovering from myocardial infarction. His results shown that exercise elicited a greater
reduction in cardiac vagal tone. H.V. Huikuri[11] investigated and compared the
circadian rhythm of cardiac neural regulation and autonomic uncomplicated coronary
artery disease (CAD) and age-matched subjects with no evidence of heart disease. He
found the healthy subjects had a significant circadian rhythm of normalized units of HF
power of HRV with higher values during sleep. Normalized units of LF power and the
LF/HF ration also showed significant circadian rhythm in healthy subjects, with higher
values during the daytime. Their findings suggested the circadian rhythm of cardiac
neural regulation is altered in the patients with uncomplicated CAD. Reduced autonomic

responses to sleep-wake rhythm suggest that the modulation of cardiac autonomic



