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Abstract

Acceleration change index (ACI) is a fast and robust
marker for analysis of heart rate variability (HRV)
dynamics. This index characterizes the sign of
difference of tinie series and theoretical study relates it
to autocorrelation function of the time series. HRV
time series contains information on the neurai
modulation of cardiovascular system by autonomic
nervous system. Considerable attention has been
focused on the potential health benefits of a variety of
meditative, relaxation techniques and their possible
effects on autonomic nervous system. We applied
ACI to analyse heart rate time series from two groups
of healthy young adults before and during two well
known forms of mediation. We also explored ACI for
RR-interval time series of young and elderly subjects
watching Fantasia movie and healthy young adults
during exercise. It was observed that ACI was almost
constant for mediation state and varied for the pre-
mediation state. ACI increased during the exercise and
was lower for young subjects as compared with the
elderly subjects.
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1- Introduction

The human heart is controlled by a series of electrical
discharges from specific localized nodes within the
myocardium (cardiac muscle). These discharges
propagate through the cardiac muscle and stimulate
contractions in a coordinated manner in order to pump
deoxygenated blood via lungs and back to the vascular
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Figure 1. Morphology of PQRS complex of normal
subject

system. The physical action of the heart is therefore
induced by a local periodic oscillation. As a result
of this stimulation, a change of potential of Imv
can be measured during the cardiac cycle between
two surface electrodes attached to the patient upper

torso. The signal is called electrocardiogram
(ECQG).

.An Electrocardiogram (ECG) is a record of the

origin and propagation of the electric potential
throughout cardiac muscle. It is considered as a
representative signal of the cardiac physiology,
useful in diagnosing cardiac disorders. A single
normal cycle of ECG represents successive atrial
depolarization/ re-polarization and ventricular
depolarization/re-polarization which occurs with
beat. These can be approximately associated with
the peaks and troughs of the ECG waveform
labeled as P, Q, R, S and T in Figure 1.

Extracting useful clinical information from real noisy
ECG, requires reliable signal processing techniques
[10]. These include R-peak detection [12], QT
interval detection [17], heart rate and respiration rate




from the ECG [14,15]). The RR-interval is the time
between successive R-peaks, the inverse of this time
interval gives the instantaneous heart rate. A series of
RR-intervals is-known as a RR tachogram. Analysis
of variations in the instantaneous heart rate time
series using beat-to-beat RR tachogram is known as
heart rate variability analysis [1, 10].

The easiest way to demonstrate the effects of
autonomic modulation on the heart is to monitor the
function of the sino-atrial node, i.e. changes in the
heart rate. The increased sympathetic stimulation
increases heart rate and decreases variability of heart
rate [7]. Heart rate variability analysis by time-
domain (statistical and geometrical indices) and
frequency domain (spectral indices) methods are
widely used non-invasive methods for evaluating
cardiac autonomic activity. The usefulness of these
HRV indices depends on their specificity and
sensitivity, their robustness in the presence of
artefacts and time required for their computation. On
one hand the spectral indices need more computing
time than statistical indices. On the other hand
statistical indices have less sensitivity and specificity
to several cardiovascular diseases. All the power
spectral indices and some statistical indices that need
the estimation of the variance of the signal are prone
to fail in the presence of artefacts. Despite of their
pitfalls these indices are still used in clinical research.
Nowadays, indices for the characterization of the
dynarrics and complexity of heart rate variability
time series have arisen [3] with promising results.
Nevertheless, these indices need more computer
resources and are difficult for the physicians to
understand.

Ashkenazy et al [4] used the sign of the differences of
the RR time series as an intermediate time series in
their scaling analysis of RR time series. They applied
the detrended fluctuation analysis method in order to
obtain the scaling exponents of the sign series.
Instead of this approach, Gonzalez et al [5] proposed
acceleration change index (ACI), which characterizes
the heart rate variability dynamics. This index is
related to the autocorrelation function (ACF) of the
time series. This is robust fast index, easy for the
physician to understand, which
characterizes the sign of the differences of
time series.
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There has been much interest in heart rate dynamics
during a variety of physiological and pathological
states. In addition, considerable attention has been

focused on the potential health benefits of a variety of

meditative, relaxation techniques and their possible
effects on neuroautonomic function. Surprisingly,
however, there is little information regarding the
effects of mediation on the beat-to-beat heart rate
dynamics as an indirect assay of autonomic
regulation [6,8,9]. The aim of the work is to study
two meditative techniques by applying ACI index and
sought to determine 1) whether there are any
distinctive heart rate dynamics during these practices
and 2) whether such meditative states induce a
quiescent (less variable) or active (more variable)
pattern of autonomic response. The effect of exercise
on the ACI index and its variation for young and
elderly subjects is also explored during this work.

1. Acceleration Change Index

Acceleration change index (ACI) arises from the
quantification of the transformation of the tachogram
involving linear and nonlinear operations. Following
procedure was adapted to obtain ACI.

1. Given a filtered time series RR. The

differentiated time series (DRR) is obtained as;
DRR(n)=RR(n+1)- RR(n) n

nel[l,N -1]

Where RR(n) is the RR interval from beat n to beat
n+1, and N is the total number of RR-intervals.

2. The SDRR time series is the sign of the
DRR series. Accordingly, its elements are
either 1 (if DRR 20) or 0 (if DRR <0). If
SDRR(n) = -1, the heart rhythm decelerates
between beats n and n + 1. Conversely,

SDRR(n) = 0 implies an acceleration
between beats n and n+1.
3. Starting fromn = lton= N - 1, we
generate the sign change (SC) series as
SC(j)=n 2)

if SDRR(n)# SDRR(n-1). je[L,M +1]




where M + 1 is the number of sign changes. SC(j ) =
n implies that RR(n) is the jth local maximum or
minimum of the tachogram. On the other hand, there
are M + 1 local maxima and minima.

The DSC is defined as the differentiation of SC to
obtain the distance (in beats) between successive
changes of sign of the DRR time series:

DSC(j)=SC(j+1)-SC(j)
(3)

The acceleration change index (ACI) is

defined as:

Acr =%
M

(4)

where k is the number of times DSC time series equal
1 and M is the total number of samples of DSC time
series. The ACI is equal to the number of times that a
local maximum is followed immediately by a local
minimum (or vice versa) divided by the total number
of local maxima and minima. Figure 2, shows the
graphical representation how ACI was computed.

2. Relationship of ACI with ACF
Equation (4) does not reflect its relationship with the
dynamics of the signal. If we analyse the local
behavior of three consecutive samples of SDRR (a
series of ‘1’ or '0’), k only increases when the
sequence {0 1 0}or {1 0, 1}
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Figure 2:

and M increase when the sequence {O,1} or {1,0}is
present. Then ACI can be calculated as:

|SDRR (i)~ SDRR (i - )| +
]SDRR (i—1)~ SDRR (i - 2)| +
ISDRR (i)~ SDRR (i - 2)|

N

fbdz

w

ACI =

Y. [SDRR (j) - SDRR (j - 1)|
(5)

Let Sk is a bimodal random variable that is ‘1' when
samples separated by a lag k have different signs and
‘0" when they have same signs. Let sk is realization
of Sk. Then sk = |X; - Xi.|=1, when samples i and i+k
have different signs and sk = [X; - X;,]=0, when they
have same signs, where Xi is the sign of the time
series at sample i.

Barentt et al [4] have demonstrated that (for
monotonic transformations, additions and products of
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This study tries to find the effect of mediation on the
ACI. We studied two mediation techniques namely,
Chi mediation and Yoga mediation and compared
pre-mediation and mediation states. In addition to
this, we also compared three non-mediating control
groups with Chi mediation group.

In case of Chi mediation (500samples), the pre-
mediation ACI is (0.65+0.12) and mediation ACI is
(0.64+0.10). No significant difference was observed
between the results of pre-mediation and mediation
state (p=0.37). The ACI for the Yoga pre-mediation
state is (0.51+0.13) and for mediation state is
(0.66+0.04). When comparing pre-mediation and
mediation state, the test showed no significant
difference (p=0.076).

We also compared Chi mediation group with three
healthy non-mediating control  groups(i) A
spontaneous breathing during sleep, (ii) Metronomic
breathing group during sleep and (iii) Elite athlete
grohp in their pre-raced period during sleep.

The ACI for the spontaneous breathing is (0.56+0.2)
and for chi mediation is (0.65+0.07). No significant
difference was observed between the results of chi
mediation and spontaneous breathing group (p=0.12).
The ACI for metronomic breathing group is (0.4+0.15)
and for the mediation group is (0.65+0.07). When
comparing chi mediation with metronomic breathing
group, a significant difference was observed
(p=0.001). The ACI of elite athletes is (0.54+0.14) and
for mediation group it is (0.65+0.07). Significant
differences were observed in elite athlete group and
mediation group (p=0.05).

It was also observed that ACI remained almost
constant during mediation as compared to pre-
mediation or with three non-mediation groups.

Variation of ACI with Age:

ACI was calculated for 10 young (21-34) and 10 old
(68-85) subjects. The ACI for young subjects is
(0.48+0.1) and for old subjects ACI is (0.59+ 0.06).
Thus elderly subjects have large ACI than young
subjects. The paired student t-test showed a significant
difference (p=0.03) between young and elderly
subjects.

Effect of Exercise on ACI:

We applied ACI to RR-interval time series of
exercise data set and studied effect of the duration
of exercise on the ACI. We made two studies. 1)
for fixed time intervals 2) for whole duration. In
both cases we observed that ACI increases during
and with the increase in the duration of the
exercise. The increase of ACI with exercise can be
explained by the increase in the sympathetic and
vagal tones.

Matlab 6.1 [19] was used for simulating these
results.

6. Conclusion:

ACI is a fast and robust index that reflects the
dynamics of the RR-interval time series and is
related to autocorrelation function of the time
series. We applied ACI to analyse heart rate time
series from two groups of healthy young adults
before and during two well known forms of

. mediation and compare them with three non-

mediating control groups. We also explored ACI
for RR-interval time series of young and elderly
subjects watching Fantasia movie and healthy
young adults during exercise.

It was observed that during mediation state the ACI
remained almost constant as compared non-
mediating state. On comparing mediation group
with three healthy non-mediating control groups,
the t-test showed significant differences (p<0.001)
for metronomic group. When comparing young and
old subject, the ACI is lower for young for young
subjects than in elderly subjects. The ACI increases
during exercise and with duration of the exercise.

In this preliminary study ACI has shown some
promising results. Nevertheless, an epidemiological
study must be performed in order to assess the
discriminant value of the index.

Table 1: Comparison of ACI in Chi mediation
and yoga mediation group
Group State ACI
. Pre- 0.65
Chi Mediation +0.12
Mediation
C 0.64 +
Group Mediation 0.10
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Yoga Pre- 0.51 +
Mediation Mediation 06.13

Group a4 0.6 x
Mediation 0.04

Tahle 2: Comparison of ACI in Chi mediation
and control breathing groups.

Chi Spontaneous | Metronomic Elite
Mediation Breathing Breathing Athletes
0.65+0.07 0.56+0.2 0.4+0.15 0.54£0.14

Table 3: Comparison of ACI for young and
elderly subjects.

Young Subjects Elderly Subjects
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Figure 3: ACI for Chi mediation
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Figure 7: ACI for young and old subjects
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Figure 8: ACI during exercise
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