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Positive effects of music therapist’s selected auditory
stimulation on the autonomic nervous system of
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controlled trial
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Abstract

The current randomized controlled trial was performed at the China Rehabilitation Science Institute, China to test the hypothesis that musical
auditory stimulation has positive effects on the autonomic nervous system of patients with disorder of consciousness. Although past studies
have recommended that patients with disorder of consciousness listen to patient-preferred music, this practice is not universally accepted

by researchers. Twenty patients with severe disorder of consciousness listened to either therapist-selected (n = 10, 6 males and 4 females;
43.33 + 18.76 years old) or patient-preferred (n = 10, 5 males and 5 females, 48.83 + 18.79 years old) musical therapy, 30 minutes/day, 5
times/week for 6 weeks. The results showed no obvious differences in heart rate variability-related parameters including heart rate, standard
deviation of normal-to-normal R-R intervals, and the root-mean-square of successive heartbeat interval differences of successive heartbeat
intervals between the two groups of patients. However, percentage of differences exceeding 50 ms between adjacent normal number of
intervals, low-frequency power/high-frequency power, high-frequency power norm, low-frequency power norm, and total power were higher
in patients receiving therapist-selected music than in patients receiving their own preferred music. In contrast, this relationship was reversed
for the high-frequency power and very-low-frequency band. These results suggest that compared with preferred musical stimulation,
therapist-selected musical stimulation resulted in higher interactive activity of the autonomic nervous system. Therefore, therapist-selected
musical stimulation should be used to arouse the autonomic nervous system of patients with disorder of consciousness. This study was
approved by the Institutional Ethics Committee of China Rehabilitation Research Center, China (approval No. 2018-022-1) on March 12, 2018
and registered with the Chinese Clinical Trial Registry (registration number ChiCTR1800017809) on August 15, 2018.
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Introduction 2020). According to the current ‘gold standard’ diagnosis

Disorder of consciousness (DOC) is a disease that seriously cr|_ter_|a in the JFK Coma Recovery S_ca_le — Revised (CRS-R)
affects a person’s ability to interact with the outside world, ~(Giacino et al., 2004), after the transition from coma, some
regardless of whether its origin is traumatic or non-traumatic ~ Patients who remain unresponsive to external stimulation
(Erkkinen et al., 2018; Jang and Kwon, 2019; Owen, 2019; will be diagnosed with unresponsive wakefulness syndrome
Jang and Lee, 2020; Liang et al., 2020; Mencarelli et al., (UWS). Moreover, patients who show fluctuating but definite
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behavioral evidence of self or environmental awareness can
be diagnosed as in a minimally conscious state (MCS) (Giacino
et al., 2002). Neurobehavioral and imaging studies have
shown that the volatile nature of MCS awakening, including
impaired visual, auditory, motor, and speech functions, might
result in a lack of response by patients with MCS to clinical
assessments (Arzi et al., 2020). Clinically, this can result in
limited patient-examiner communication, which leads to a
high rate of misdiagnosis (Binder et al., 2020). Although the
clinical characteristics of DOC can be assessed using various
behavioral observation scales (Riganello et al., 2018), behavior
can still be misdiagnosed when scored manually. Although
neuroimaging results have been increasingly used in the
classification of DOC patients (Berlingeri et al., 2019; Binder et
al., 2020; Kondziella et al., 2020), these technologies are often
expensive, complex, and time-consuming. Given the severe
neurological dysfunction in patients with DOC, assessing the
autonomic nervous system (ANS) of patients with DOC can
improve diagnosis accuracy.

Some researchers have proposed that the physiological signals
of internal organs such as the heart can be used to determine
ANS status of patients with DOC and to indicate the progress
of clinical treatment (Riganello et al., 2012, 2019; Tobaldini et
al., 2018). Heart rate (HR) variability (HRV) is the fluctuation
in time between sequential heartbeats. These fluctuations
represent the output of a complex brain-heart interaction
system (Pan et al., 2018; Gao et al., 2019; Wu et al., 2020).
The HRV test is non-invasive and allows clinicians to observe
the immediate and flexible response to the environment,
which reflects the sensitivity of the ANS (Arbit et al., 2015;
Calabro et al., 2017; Heinz et al., 2019; Dalise et al., 2020;
Dorey et al., 2020; Ghiasi et al., 2020; Lin et al., 2020). The
sympathetic (“fight or flight”) and parasympathetic (“rest and
digest”) subdivisions of the ANS have antagonistic effects and
are connected to the brain through the spinal cord (Riganello
et al., 2015; Candemir et al., 2020). Low-frequency power
(LF), high-frequency power (HF), total power (TP), and other
variables in the HRV test reflect the body’s regulation of
body temperature, feeling of pressure, renin-angiotensin-
aldosterone balance, and atrial and ventricular pressure
sensors (Hodges et al., 2019). Because of its low cost, ease
of use, and the amount of measurement data that can be
collected, many recent studies of ANS treatment for patients
with DOC have used the HRV test.

Musical stimulation is an important therapeutic technique used
to bring patients with severe DOC out of unconsciousness.
Studies have compared the therapeutic effects of tactile
stimulation and musical stimulation in patients with DOC and
found that musical stimulation not only provides clues for
how to awaken patients with DOC from unconsciousness,
but also theoretical and clinical evidence for rehabilitation
from severe brain trauma (Magee et al., 2016a). Riganello
et al. (2015) stimulated patients with DOC using pleasant
and uncomfortable music (typical examples from the four
composers: Pyotr llyich Tchaikovsky, Modest Mussorgsky,
Edvard Grieg, and Luigi Boccherini). Using a normalized unit
of low frequency and HRV to observe the response of patients
with DOC, they found that the neural network and structure
of the patients’ brains changed depending on the musical
composition. Perrin et al. (2015) reported that musical
interventions, especially the use of live music, helped patients
to strengthen their “real-time” localization capabilities. The
beat (speed, rhythm) of music is a multi-sensory stimulus.
According to the different stimuli, the beat can evoke attention
and auditory perception, such as the name of the patient.

The use of specifically selected music for patients being
treated with musical stimulation produces better results.
One study compared the effects of four types of auditory
stimulation (music liked by patients, entrained improvisation
played by music therapists, music disliked by patients, and

white noise) in 21 patients with MCS and found a clearer
and more complete cognitive response in the patients who
heard the music that they liked (O’Kelly et al., 2013). Some
similar studies have shown that when patients with MCS listen
to personalized music (preferred music), their brains show
more active cortical activity (Magee et al., 2016a). However,
according to the different responses shown by patients with
DOC when listening to the live music played by the therapist,
it is clear that in patients with MCS, targeted selection of
music based on the patient’s response will also cause a clear
cognitive response (Kotchoubey et al., 2015). Other studies
(Proverbio et al., 2015; Riganello et al., 2015) have shown
that using musical pieces selected by a professional clinical
researcher (not the patient’s preferred music) has a more
active effect on reticular activation of the auditory cortex in
patients with DOC. In these studies, researchers have used
classical European music for auditory stimulation interventions
(Proverbio et al., 2015). Classical European music does not
have the same cultural significance for Chinese listeners, and
the listener needs to have a similar cultural background and
a high level of appreciation (Fang et al., 2017). Therefore,
based on the results of previous studies, there are two
recommendations for the type of music that should be used in
musical therapy for patients with DOC: 1) preferred music that
is recommended by the patients’ families or related to the
patients” individualized experiences; 2) Classical musical pieces
that are selected by a professional clinical music therapist.
Therefore, the current study used HRV measurements to
compare how well these two types of musical stimulation
clinically aroused the ANS in patients with DOC.

Subjects and Methods

This study was approved by the Ethics Committee of China
Rehabilitation Research Center (CRRC) (approval No. 2018-
022-1) on March 12, 2018 (Additional file 1), and informed
consent (Additional file 2) was obtained from the relatives or
guardians of the participants before commencing the study.
The study trial was registered with the Chinese Clinical Trial
Registry (registration number ChiCTR1800017809) on August
15, 2018. The writing and editing of the research article were
performed in accordance with the CONsolidated Standards Of
Reporting Trials (CONSORT) Statement (Additional file 3).

Participants

Twenty-six participants were recruited from CRRC, Beijing.
The inclusion criteria were as follows: 1) diagnosed as in a
minimally conscious state on the Glasgow Coma Scale (GCS)
(Tsai et al., 2020) and the Sensory Modality Assessment and
Rehabilitation Techniques (SMART) scale (McAleese et al.,
2018) for at least 1 month (inclusive) and hospitalized; 2) aged
18 to 70 years; 3) tolerance to therapy in a probe position
for more than half an hour without postural hypotension;
4) receiving routine therapy (medicinal therapy: ATP,
coenzyme A, citicoline, other brain-metabolism enhancers,
and chlorhexidine awakening agents; physical therapy:
occupational therapy and routine care); 5) no professional
musical experience. The exclusion criteria were: 1) a history
of any heart disease, heart surgery, or medication for heart
disease; 2) severe auditory dysfunction; 3) having epilepsy,
malignant arrhythmia, or other serious physical diseases.
Criteria for withdrawal and termination: patients could be
terminated if their condition changed, if they were discharged
from the hospital, or if they voluntarily withdrew. Twenty
participants completed the experiment. Six participants were
withdrawn from the study because they did not meet the
inclusion criteria. Participant characteristics are shown in
Table 1.

Study design
The study was a randomized controlled trial with a pretest-
midtest-posttest design. It included two groups: the
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Table 1 | Participant characteristics

Intervention group Control group t P

Total number 10 10
Gender

Male (n) 6 5

Female (n) 4 5
Age (yr) 43.33+18.76 48.83+18.79 0.9254 >0.05
Years since injury 1.03+£0.62 1.26+1.06 0.03926 >0.05
GCS classification

MCS 10 10
SMART classification

MCS 10 10

Data are expressed as a number in total number, gender, and GCS
classification. Other data are expressed as the mean + SD, and analyzed by
paired t-test. Intervention group: therapist-selected music; control group:
patient-preferred music. GCS: Glasgow Coma Scale classification; MCS:
minimally consciousness state; SAMRT: Sensory Modality Assessment and
Rehabilitation Technique.

intervention group (n = 10) and the control group (n = 10).
After screening by the neurological specialists, computer-
generated sequences (by Excel 2013; Microsoft office
software, Seattle, WA, USA) were used to randomly assign the
patients into the two groups. This study adopted a double-
blind design — neither the participants nor the data analyst
knew which group of data was being tested and analyzed. The
intervention group received therapist-selected music, while
the control group received their own preferred music. The
study was conducted from June 2019 until May 2020 at CRRC.
The cost of music therapy for both groups was supported by
the fund for this study.

Procedure

After obtaining approval from the Scientific Research
Foundation of CRRC, participants were screened by the
neurorehabilitation specialists. Patients who were diagnosed
as MCS by the GCS and SAMRT scale were referred to
the Music Therapy Department at CRRC. Participants
were reviewed by the researchers to identify potential
interventional objectives based on the inclusion and exclusion
criteria of the study. Once potential participants were
identified, an invitation to participate in the study was sent to
their family members. The invitation included the purpose,
procedures, risks, benefits, confidentiality, and participants’
rights. Once we acquired the consent forms, the participants
were divided into two groups based on the GCS classification.
Music therapy researchers screened patients based on
previous outcomes for similar GCS scores to assess whether
they had an abnormal auditory function, and took the SMART
assessment as a reference (Magee et al., 2016b). After the
screening, computer-generated sequences (by Excel 2013,
Microsoft office software, Seattle, WA, USA) were used to
randomly assign the patients into two groups. The participants
in the intervention group were treated by music therapists
for 6 weeks with therapist-selected musical stimulation, while
participants in the control group were treated with their
preferred music for 6 weeks. The enrollment and allocation of
participants are shown in Figure 1.

Figure 1 shows that 26 participants were enrolled in the
study, 6 were withdrawn because they did not meet the
inclusion criteria (n = 4), did not complete the study (n = 1),
or their information was incomplete (n = 1). Evaluations were
conducted three times during the experiment: t, (baseline),
t, (3 weeks after), and t; (6 weeks after). The data analysis
included a sample of 20 patients with MCS.

Interventions
Once the participants for each group were identified,
an intervention delivery schedule was developed. The

Figure 1 | Flow diagram for participant recruitment and allocation.
ANS: Autonomic nervous system; GSC: Glasgow Coma Scale; HRV: heart
rate variability; MCS: minimum conscious state; SMART: Sensory Modality
Assessment and Rehabilitation Techniques.

intervention group was stimulated by the therapist-selected
music. Each patient received auditory stimulation for 30
minutes, five times per week for 6 weeks. The music was
selected by the music therapist according to the following
principles: (1) New Age music pieces composed by Chinese
and Japanese composers; (2) a clear and simple melodic line
(homophonic music promotes attention and concentration);
(3) speed between 80-120 beats/minute (consistent with
HR norm); (4) the original recording volume (sound pressure
level) was between 40-60 dB, 20-20 kHz (within hearing
range for the human ear, moderate volume, appropriate
frequency); (5) positive emotional orientation. Based on these
principles, the represented musical pieces and composers
selected by the music therapist were as follows: (1) “Summer
in Satoyama” by Japanese composer Masaaki Kishibe; (2)
“The Sun Rises as Usual” by Japanese composer Joe Hisaishi;
(3) “Summer” by Japanese composer Joe Hisaishi; (4) “Four
Seasons in Beijing - Colorful Butterflies Dance Summer” by
Chinese composer Chen-Chen Ho; (5) “New Ambush on All
Sides” by Chinese composer Zhao Cong. The control group
received musical pieces chosen by the participants’ families,
most were pop songs or old folk music that contain lyrics. All
patients underwent routine treatment during the study period,
including taking medication and other care and support.

Measurements

The following were conducted at each measurement time
point: (1) HRV tests; (2) ANS measurements; (3) GCS Scale,
and SMART Scale (McAleese et al., 2018; Tsai et al., 2020). No
participant wore chest binders, earrings, rings, or other aids
likely to affect heart function or autonomic nervous function
during assessment or training.
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HRV and ANS tests

We recorded the HR with the HR Bodyguard device (Ver. 3.1;
Meiyang Ltd., Beijing, China). The HR was calculated as the R
to R wave measures at a 1000-Hz sampling frequency. HRV
was analyzed with a standard program (Ver. 3.1, Meiyang Ltd.)
for the following measurement time intervals. The HRV data
(Nolan et al., 1998) include: (1) HR; (2) standard deviation of
normal-to-normal R-R intervals (SDNN), where R is the peak of
a QRS complex heartbeat; (3) root-mean-square of successive
heartbeat interval differences (RMS-SD). All the data were
recorded during the music monitoring process, which
corresponds to the transmural dispersion of repolarization.
HRV includes time-domain measures (HR, SDNN, RMS-SD,
and PNN50—the percentage of differences exceeding 50 ms
between successive normal number of intervals) calculated
within 30-minute periods. The evaluation of sympathetic
and parasympathetic nervous systems within the ANS was
accomplished using an ANS guard device (Ver. 3.1; Meiyang
Ltd.) and the following indicators: (1) PNN5O; (2) LF; (3) HF; (4)
LF norm = LF / (LF + HF) x 100; (5) HF norm = HF / (LF + HF) x
100; (6) TP; and (7) very-low-frequency band (VLF). LF and HF
components were obtained by integrating the power spectra
over their respective ranges of 0.04—0.15 Hz and 0.15-0.40
Hz. The magnitude of the HF and the ratio of LF to HF (LF/HF)
correspond to the strength of the vagal activity and the
sympathovagal balance, respectively. The magnitude of the
LF involves both vagal and sympathetic nerve activity (Furlan
et al., 2019). The magnitude of each spectral component was
evaluated using the natural logarithms of the power (InLF and
InHF). The ratio of the LF component to the HF component
(LF/HF ratio) was evaluated by dividing InLF by InHF
(InLF/InHF).

GCS

The GCS includes three aspects: eye-opening response,
verbal response, and body movement. The sum of these
three scores is the coma index, with lower scores indicating a
more severe disorder. The highest score is 15, indicating clear
consciousness, 12—14 is classified as MCD, 9-11 is classified
as moderate DOC, and a score below 8 is a coma (Tsai et al.,
2020).

SMART

The SMART was developed as both an assessment and
treatment tool. This diagnostic neurobehavioral tool
determines vegetative state. In addition to structured
behavioral observations, the SMART Profile describes both
the highest SMART level and frequency of responses for
the sensory, motor function, and functional communication
modalities. The SMART levels range from 1 (no response)
to 5 (differentiating responses) (McAleese et al., 2018).
This combination can also be used to define an individual’s
diagnosis and point on the diagnostic spectrum. The lowest
response is SMART Level 1 and the highest is SMART Level 5
Consistent (5C). Responses in any modality between 1 and
3 are indicative of a vegetative state, SMART levels 4 and
5 are MCS/MCS’, depending on the type and frequency of
responses observed.

For all the assessments, HRV and ANS tests were administered
by the same experienced operator. GCS and SMART
guestionnaires were evaluated by professionals. All the
evaluators were registered research assistants who worked
as health care professionals and who had 5 years of clinical
experience.

Statistical analysis

According to the formula n = Z>-¢°/d” (Antonisamy et al.,
2010), n is the minimum sample size, Z is the confidence
interval, which is generally 95%, o is the standard deviation,
and d is the sampling error range, normally 0.5. The minimum
sample size n is therefore calculated as = 19.88, and the

sample size is thus approximately equal to 20 (n = 20).

The measurement data from the two groups were collected
at three time points: before intervention (t,), 3 weeks later
(t,), and 6 weeks later (t;). We obtained the mean and the
standard deviation (SD) for each group at each time point.
We conducted two-way analyses of variance and paired
t-tests to find the effects of Group, Time Point, and Group
x Time Point interactions. SPSS statistical software, version
22.0 (IBM, Armonk, NY, USA) was used for statistical analysis.
Before analysis, basic frequencies were run on the data to
screen for missing values and outliers, and to establish data
entry accuracy. Data were analyzed using two-way ANOVAs
and paired t-tests to determine the specific effects of the
interventions.

Results

Therapist-selected music and patient-preferred music have
equal effects on HRV

There were no significant differences between groups at t, for
HR (F = 0.41, P =0.67), SDNN (F = 2.07, P = 0.14), or RMS-SD
(F =1.65, P =0.20). Similarly, no significant differences were
found at t, (HR: F =0.03, P = 0.86; SDNN: F = 0.13, P = 0.72;
RMS-SD: F = 4.53, P = 0.99) (Figure 2).

Therapist-selected music outperformed patient-preferred
music at stimulating aspects of the ANS in patients with
DOC

Compared with the control group, PNN50 (F = 14.49, P =
0.0004), LF/HF (F = 12.84, P = 0.0001), LF norm (F = 7.44, P
=0.0001), and TP (F = 12.22, P = 0.0001) were higher in the
intervention group at t,. In contrast, HF norm (F = 7.99, P =
0.0009) and VLF (F = 12.22, P = 0.0001) were lower in the
intervention group at t, (Figure 3).

Discussion

In this study, preferred music and therapist-selected music
were used as auditory stimulation for arousing patients
with DOC from unconsciousness. Compared with previously
reported methods that only used “name-calling” (Schnakers
et al., 2016) or “preferred music” as the auditory stimulation,
we found that although “preferred music” is recommended
in the literature, it did not have a longitudinal positive effect
in the clinic. Instead, we found that when professional music
therapists selected representative famous music pieces as the
auditory stimulation, it performed better than preferred music
in stimulating the ANS.

HRV

HRV is the fluctuation of the time interval between adjacent
heartbeats. HRV contains a variety of indicators, among which
are the HR, SDNN, and RMS-SD. Analyzing all these variables
gives information about the ANS. The RMSSD is used to
estimate vagal activity and is strongly correlated to the PNN50.
The SDNN represents the contribution of both branches of the
ANS. The brainstem (medulla and pons) functions in the tonic
control of blood pressure, respiratory rhythm, and autonomic
reflexes. The brain controls homeostasis, emotion, and stress
responses, which are relatively intuitive indicators for judging
the activity of the autonomous nervous system (Riganello et
al., 2012, 2018).

In this study, we compared the effects patient-preferred music
and therapist-selected music on HRV-related physiological
indicators in patients with DOC. We implemented a
randomized control design for grouping and ensured that the
general characteristics of the two groups were not significantly
different. The patients in the intervention group were given
the therapist-selected music, while the control group received
patient-preferred music. After each patient was given musical
stimulation, the variability of the HR, SDNN, and RMS-SD was
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Figure 2 | Comparison of heart rate variability in patients with DOC who received musical
stimulation.
The intervention group received the therapist-selected music; the control group received preferred
music. t;: Baseline; t,: after 3 weeks of treatment; t;: after 6 weeks of treatment. (A—C) HR, SDNN, and
RMS-SD. Data are expressed as mean + SD (n = 10), and analyzed by two-way analysis of variance. DOC:
Disorder of consciousness; HR: heart rate; RMS-SD: root mean square of successive heartbeat interval
differences; SDNN: standard deviation of normal to normal R-R intervals.
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Figure 3 | Comparison of the autonomic nervous system metrics in patients with DOC who received
musical stimulation.

The intervention group received therapist-selected music; the control group received preferred music
group. t,: baseline; t,: at 3 weeks of treatment; t,: at 6 weeks of treatment. (A—F) PNN50 (A), LF/HF (B), LF
norm (C), HF norm (D), TP (E), and VLF (F). Data are expressed as the mean * SD (n = 10), and analyzed by
repeated-measures analysis of variance. **P < 0.01. DOC: Disorder of consciousness; HF: high-frequency
power; LF: low-frequency power; PNN50: percentage of differences exceeding 50 ms between adjacent
normal number of intervals; TP: total power; VLF: low-frequency power. HF norm (%) = HF / (LF + HF) x

recorded. We found that regardless of
the group, the HR, SDNN, and RMS-
SD did not differ between groups or
across time points. Because HR, SDNN,
and RMS-SD are regulated by the
brainstem and the lower part of the
medulla oblongata, not the cerebral
cortex, we can reasonably infer that for
patients with DOC, whether they listen
to preferred music or therapist-selected
music, any difference in how HR-related
indicators are regulated is not obvious.
These results also show that at a certain
level, musical auditory stimulation has
no obvious effect on the heart rate or its
root mean square in patients with DOC.

ANS

We found a significant difference in
ANS between groups. When listening
to musical works recommended by
clinical music therapists, which are
faster than the average HR and have
high melody recognition (without lyrics),
patients exhibited higher sympathetic
nerve excitability, increased myocardial
consumption of oxygen volume, and
a higher degree of active arousal.
Additionally, the HF norm was lower in
the intervention group, which suggests
a reduction of parasympathetic activity.
Because the effects of sympathetic and
parasympathetic nerves are opposite,
we can conclude that the nervous
systems in patients with DOC exhibited
higher levels of awakening when

100; LF norm (%) = LF / (LF + HF) x 100.

than did the patients who heard preferred music. Looking
at TP, results suggest that while listening to professionally
selected music, patients with DOC showed higher overall
activity and regulatory ability of the ANS. Compared with the
control group, the intervention group showed an improved
VLF index, which hints at higher body stability in terms of
thermoregulation, renin—angiotensin balance, and endothelial
influences on the heart. Thus, the intervention group showed
a tendency for stabilized temperature regulation, with certain
advantages compared with the control group. The two groups
of GCS scores were not significantly different, so they were
not qualitatively comparable (Additional Figure 1A).

Differences between therapist-selected music and preferred
music

There are different opinions in the literature as to whether
music therapy for awakening patients with DOC should use
therapist-selected music or patient-preferred music. We
found that the sympathetic excitability of the patients of
DOC tended to be greater, while parasympathetic activity
tended to be reduced after listening to the therapist-
selected music than after listening to patient-preferred music.
Additionally, temperature regulation (stability) was better in
the intervention group than in the control group. However,
we must note that the “preferred music” was usually
chosen by the patients’ families. Due to the severe cognitive
dysfunction of patients with DOC, they cannot express their
musical preferences by themselves. Therefore, the “preferred
music” that clinical researchers was based on information
provided by families or guardians. As such, it was inherently
biased. In fact, music selected by anyone other than a patient
themselves cannot guarantee that it would be liked by the

listening to the therapist-selected music

patient. At this time, auditory stimulation using musical
pieces selected by a therapist with music experience is the
more professional clinical choice. After comparing the audio
frequency of therapist-selected music (Additional Figure 1A)
and the preferred music (Additional Figure 1B), we found that
the frequency of the therapist-selected music was between
20 and 20,000 Hz, which was a much wider range than that of
the preferred music (0 to 5000 Hz). Additionally, the musical
structure was more regular. Therefore, the advantages of
professionally recommended therapist-selected music are: (1)
the wider audio frequency band can give the primary auditory
cortex a wider range of stimulation, activate more neural
networks, and thus act on the regulation of the ANS; (2) the
regular trilogy form provides stable structural predictability
for auditory stimuli. The trilogy form is form of music that
generally consists of three sections: section A, section B, and
section A again. The first section and the third section have
the same phrase melody and musical structure, giving people
a sense of repetition and expectation.

Music pieces can have a powerful impact on emotions and
mood (Magee et al., 2016a, 2017). Faster paced music
could also act to speed up HR and breathing more than
slower music can, which could have a significant effect on
arousal and the sympathetic system. In this study, although
professionally selected music had a more significant effect on
sympathetic and parasympathetic activation in the process
of awakening patients with DOC, we found no significant
differences in GSC or SMART between groups. Thus, we can
conclude that regulation and activation of the ANS in patients
with DOC is more effective using professional music therapist-
recommended suitable music as auditory stimulation based
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on the individual differences of patients with DOC than using
music not selected at the professional level.

Limitations

This study has several limitations. First is the small sample size,
as detailed in the methods. Six participants were excluded
from analysis, which may have caused the variance in group
allocation. If another control group (noise stimulation, no
stimulation) was added, the comparison might have been
more accurate. If larger sized studies are conducted in the
future, the therapeutic outcomes could be more precisely
observed.

Implications for clinical practice

In previous reports (O’'Kelly et al., 2013; Magee et al., 2016a),
clinicians usually used preferred music to awaken patients
with DOC, rather than using music selected by professionals.
There is only one study reporting the application of music
recommended by professional composers for treating
patients with DOC in a vegetative state, suggesting the
feasibility of professional music selection (Riganello et al.,
2015). The current study confirmed the positive effect of
therapist-selected music in 20 patients. All participants in the
experimental group showed more active ANS arousal than the
control group. Owing to the individual differences in preferred
music and the difficulty in musical quality control, the musical
pieces making up the patient-preferred music have common
characteristics that are difficult to unify. Creating standards
for patients with DOC is therefore difficult with such a non-
rigorous selection process. However, therapist-selected music
with professional standards that follow strict rules and the
consistency of professional control during the treatment
process have produced long-term positive effects in activating
the ANS of patients with DOC. Therefore, the selection of
music in our study provides practical significance for the
standardization of clinical treatment for awakening patients
with DOC.

Conclusions

Therapist-selected music improved ANS activity in patients
with DOC. Therefore, we propose that clinicians and
professional music therapists work together to make clinical
treatment for DOC more effective.
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Additional Figure 1 Audio frequency of therapist’s selected music (A) and preferred music (B).

The spectrogram plot shows the intensity of the audio frequency for the selected music signal as it changes over the time. The vertical
axis indicates frequency, the horizontal axis indicates time, and the colored scales indicate the intensity. The color bar goes from left to
right, indicating from light to deep. Magenta is the color of the highest intensity. Purple is the color of the secondary intensity. Yellow
is the color of the lowest intensity. The higher the vertical axis of magenta and purple distribution, the wider the frequency range is.



