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Abstract—This case study centered on the effects of Music Therapy
(MT) on vegetative state (VS) patients for a continuous 41-day
experiment with electrocardiogram (ECG) recorded. Mahler's
Second Symphony was used for this MT. There are various
elements in Mabhler's second symphony, with string, wind, drum,
and even voice; providing the subject a strong and dynamic
stimulation. There are some significant changes after 14-day
stimulation: both standard deviation of all normal RR intervals
(SDNN) and root mean square successive differences (RMSSD) in
heart rate variability of the subject increased, indicating the activity
of the cardiovascular system was enhanced. Although there’s only
one subject in this experiment, the results are still encouraging.

I. INTRODUCTION

Studies showed that mood and cognitive function of
stroke patients improved significantly after a long-term
period of music therapy (MT) [1]. For patients in vegetative
state (VS), their emotional response to music is still similar
to that of the general population in some examples [2] and
few cases have significant changes of cardiovascular
response [3]. In fact, the quantitative physiological
measurements such as electroencephalogram (EEG),
electrocardiogram (ECG) and blood pressure have been used
to assess the level of consciousness of patients in VS [4].
Some phenomena of MT were observed in our previous
publication, including decreased heart rates and increased
heart rate variability (HRV) in one VS patient [5]. Although
there are few examples, other researchers have confirmed
this result [3]. This article elaborates the relevance of music
and cardiovascular signals in the VS patient.

Car accidents and/or hypoxia (e.g., stroke) are two major
reasons of brain injury and usually cause patients to be in a
coma. Some of them recover quickly, while the others are in
VS, Locked-In Syndrome (LIS) or brain death (BD) [6].
Some obvious features on the coma are no significant
sleep/wake cycle, no response to verbal stimulation, no
spontaneous eye opening, and no purposeful movement [7].

Since 1995, BD is defined as follows. Began as a coma
with absence of confounding factors, including hypothermia,
drugs, electrolyte, and endocrine disturbances. The main
observations include absence of brainstem reflexes, absent
motor responses and apnea. The repeated assessments are
advised more than six hours [8]. Computed tomographic
angiography (CTA) is an easy-implemented method to
determine BD in recent years. If blood flow is not observed
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in acute arterial phase of the CTA, BD can be determined
and no other testing is necessary [9].

Patients of LIS typically are fully conscious, but
completely unable to move by themselves. The syndrome is
usually due to brainstem lesions. By EEG;, LIS patients have
abnormal cortical sources of resting state eyes-closed alpha
and delta rhythms [10]. For example, a patient suffered a
rare stroke to the brainstem; only his left eye and brain
escaped damage. He refused to give up his life and wrote a
memoir through the blink of an eye [11].

VS [12] can be divided into persistent vegetative state
(PVS) [13, 14] and minimally conscious state (MCS) [15-
17]. Compared with coma patients, the most distinctive
characteristics are that PVS patients have spontaneous
arousal and sleep/wake cycles [13]. Studies have shown that
despite the lack of evidence can be directly observed, some
patients in VS are still conscious [14]. Different
measurements of the level of consciousness in VS have still
been explored [14]. There is a small group of patients whose
status is between coma and PVS. Named as MCS, the
patients still have some signs of consciousness [15].
Diffusion tensor imaging (DTI) is a modified magnetic
resonance imaging (MRI) technique. The latest DTI study
showed that the MCS and PVS patients differed significantly
in subcortical white matter and thalamic regions [17].
Despite significant working experience, MCS and PVS are
both poorly defined by most neuropsychologists and speech
and language therapists [16].

The other sections of this paper are organized as follows.
In section II, the works about MT, heart rate variability, and
the relations with VS will be reviewed. In section III, we
describe subjects, music for stimulus, the reason of music
selection and the experiment procedure. In section IV and V,
the results are presented and discussed. Finally, in section VI,
we summarize this work.

II. PRELIMINARY

Of healthy control subjects and patients in VS, almost all
linear parameters of HRV were similar in some experiments
[22].

A. Music Therapy and Vegetative State

Although there is no comprehensive rehabilitation, MT
has also been used in VS patients [36-39]. Traditionally, the
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selection of music was based upon the tempo of the patient's
breathing or pulse pattern [36]. Sometimes vertical motions
on a trampoline synchronized with live music were included
to regain awareness through activation of brain function. The
developed method was named as musicokinetic therapy
(MKT) [39]. Auditory stimulation with emotional
significance was preferred to reveal residual functioning and
elicit optimal behaviors. However, therapists should be
careful against misinterpreting limbic responses of selected
music [38].

B. Heart Rate Variability

Emotion affects ANS [43], and music is a common
stimulus to trigger emotional reactions [44]. Among various
physiological measurements, HRV is a simple and non-
invasive way to assess cardiac autonomic control. Since the
milestone paper proposed [40], HRV has become a widely
used tool in many research fields [41].

A standard routine of electrocardiogram (ECG) signal
processing includes a few stages. The detection of heartbeats
(QRS complexes) is the first step. R-wave is the peak of the
complex. SDNN is the standard deviation of time sequence
(normal-to-normal RR-intervals). Through the Fast Fourier
Transform (FFT), the low frequency (LF) and high
frequency (HF) power could be obtained. LF/HF ratio is
viewed as an index of sympatho-vagal balance of autonomic
nervous system. To further understand these steps, the
associated algorithms are listed in [42].

III. METHOD

A. Music Used for the Investigation

People in VS still have auditory responses of varying
degrees [18-21]. To select the stimulus, music is better than
speech in middle cerebral artery stroke patients [1]. Hence
for the rehabilitation of brain, music is an ideal stimulus for
patients in VS.

Emotion and consciousness share most of the same
structures in the brain [26]. In most people's brain circuits,
music can affect the limbic system and insula (both areas
dealing the emotional responses) through the primary
auditory cortex [27]. Emotional reactions of normal people
in the limbic system [28] and some VS patients [29] are
similar. The consistency of emotional reaction between
normal subjects and patients in VS is confirmed through
HRV measurements [2, 23-25]. The effectiveness would
decrease if the same piece of music was repeated listening
[30]. To select the proper music stimulus for the
rehabilitation of VS patients, the musical emotion should be
strong, but must avoid remaining in the same style.

The emotional expressions were omnipresent in the
musical pieces of Tchaikovsky and Rachmaninov [31].
However, to satisfy the needs of high contrast [30], the
masterpieces of Mahler are the more appropriate candidates.
Gustav Mahler (1860-1911) was a late-Romantic composer
[32,33]. His main works include nine symphonies [34] and a

number of songs. Symphony No. 2 in C minor
“Resurrection” [35] was chosen as the main stimulus. The
version we chose was a two-CD box set (Orchestra: London
Symphony Orchestra, Conductor: Gilbert Kaplan, Audio CD:
September 14, 1998, Label: RCA, ASIN: BOOOOOF1BI).
Thirty minutes of silence were added as baseline before the
audio tracks. More detailed information is shown in Table 1.

B. Subjects

The subject participating in this study lived with his wife
in Changhua County, Taiwan. Mr. S was in his middle 40s
when this experiment was conducted from March to May in
2009. He had suffered from left intracerebral hemorrhage
due to arterio-venous-malformation twice, which occurred
on Nov. 2000 and May 2008, respectively. He recovered
from the first stoke well, while the latter one further resulted
in VS, diagnosed by doctors in Changhua Christian Hospital.
He had been unconscious and bed-ridden for almost three
years. His coma scale was EIM2Vt when the study was
carried out.

C. Experimental Apparatus

The ECG signal was captured by a 3-channel portable
device (MSI E3-80, FDA 510(k) KO071085) at 500Hz
sampling rate from the chest surface of body. Only the
channel 1 (Lead 1) data was analyzed.

D. Procedures

Each data collection sessions lasted about 210 minutes
and was separated from day to day, continuing for almost 6
weeks (from March 26, 2009 to May 5, 2009). As a
reference line, no music was played in the first week (six
days: from March 26 to March 31) and each session was 180
minutes. From the second week, the time session was
changed to 210 minutes. On the first day, no music was
played. From the second day to the seventh day of the
following weeks, the audio program (Table I) was conducted
with a headphone on the patient’s head to an MP3 player.
Every session was handled by his wife under a circumstance
with no noisy interruptions in the bedroom of Mr. S, with a
portable ECG data recording device installed on Mr. S.

E. Data Analysis and Statistics

Qualitative and quantitative data analysis was performed
and used three software packages: C programming language,
MATLAB and Microsoft Excel. At first, each 210-min
session, on the basis of convenience, was divided into forty-
two 5-min epochs with C programming language. Each
epoch was then imported into MATLAB. Pattern analysis
was then used by Excel.

The ECG data were not available in three days (April 20,
May 4 and 5). The first 5-min and last 5-min epochs of all
days was omitted to avoid inappropriate data from the
movements and the instrument operation. Hence there were
a total of 1484 (34*6+40%*32) epochs. There were 3 records
(0.2%) of SDNN data and 9 records (0.6%) of RMSSD data
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due to signal error. The values were replaced by mean of
their two neighboring data.

The experiment days were separated into two groups: the
rest days and music days. The rest days included first week
(6 days) and first days of the other weeks.

On music days, the complete audio session was performed.

Each session was separated into two parts: non-symphony
(NS) session and symphony (S) session. NS session was the
first 75 minutes of the complete session. S session was the
remaining 135 minutes. S and NS sessions are considered
for the comparison of “Music Effect.”

IV. RESULTS

Two important time-domain parameters: SDNN and
RMSSD were derived from the R-R interval measured from
the subject. There are two parts: Day Effect, the different
from the first day to the last (Fig. 1 and Fig. 2); and Music
Effect, comparing from non-symphony session to symphony
session (Fig. 3 and Fig. 4).

V. DISCUSSION

» Day Effect: By the continuous music stimulation, SDNN
and RMSSD (Fig. 1, Fig. 2) increased obviously
especially after the critical turning point 04/17. And
the R-squared of SDNN is high, 0.50.

= Music Effect: By observation, most SDNN and RMSSD
on Symphony Sessions are higher than those on non-
Symphony Sessions (Fig. 3, Fig. 4).

» From Fig. 1, Fig. 2, Fig.3 and Fig. 4, SDNN and RMSSD
both are increasing obviously; especially the rising rate
of SDNN is linear. In addition, Fig. 3 and Fig. 4 show
that SDNN raises more than RMSSD does.

VI. CONCLUSIONS

SDNN and RMSSD significantly increased after 14 days
continuous MT, showing that the condition of the subject’s
circulatory system is enhanced. This article introduced a
music therapy process used in vegetative state (VS). Even
though there’s only one subject, the results are encouraging.

SDNN increased significantly about 100% in music days
compared with that in rest days. Meanwhile, RMSSD also
increased slightly. And the longer SDNN indicates the
improvement of body circulation.
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Audio Program

Start Time | Length Remark

0:00 30:00 Silence

30:00 7:57 String

37:57 26:10 Piano

54:07 21:53 Talk

76:00 22:22 1* Movement
98:22 5:00 Silence
103:22 10:15 2" Movement
113:37 10:40 3" Movement
124:17 5:34 4™ Movement
129:51 34:26 5™ Movement
164:17 30:00 Silence
194:17 30:00 Silence
224:17 / End

Table 1. The Audio Program for the VS patient

1704

SDNN y=0.2756x +8.696
2
S R=0.5021
20 . ® »
- 2%
w
E
10
i
1]
03/26 04/17 05/05
Figure 1. SDNN(ms) of Day-Effect
RMSSD y=0.1114x + 8.6385
R2=0.1344
25.00
20.00 r\
15.00 e ﬁ
: ¥
10.00
5.00
03/26 04/17 05/05
Figure 2. RMSSD(ms) of Day-Effect
Music Days - Session Effect (SDNN-mean)
25.00
—#—S Session
2000 = —&—NS Session
% LI \’\\'/‘\ .
15.00 > iV —
[N S o S AR B /
| o B W .\\, Lo V i\ r
1000 [ R A et =
¢/ N Y «
5.00 '/
0.00
N S R
Figure 3. SDNN(ms) of Music-Effect
Music Days - Session Effect (RMSSD)
16.0 =
N .
120 AT ¥
7\ d \
N N \ A Vg
8.0 e I‘, > ‘\ /ﬁ N /l‘\ii_i);if_/,\‘
S WV
i N MY
40
0.0
EUSE R S SN L P P P

Figure 4. RMSSD(ms) of Music-Effect
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