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Abstract
Background:

Fiberoptic bronchoscopy is an invasive procedure known to contribute anxiety in patients. Binaural beat, an audio technology with different frequency between
ears to entrain the brainwaves, has been used to reduce anxiety in some operations. This study aimed to determine the anxiolytic effects of binaural beat in
patients undergoing fiberoptic bronchoscopy.

Methods:

All eligible subjects were randomly assigned to receive binaural beat music, plain music, or no music. They were asked to wear earphones approximately 15
minutes before, during, and after the bronchoscopy. The level of anxiety was measured with State-Trait Anxiety Inventory (STAI) questionnaires. Blood
pressure, heart rate, and sedative drug use were also recorded.

Results:

One hundred and twelve subjects were included and randomised into 3 groups, including binaural beat music (n=38), plain music (n=38), and no music
(n=36). Baseline characteristics were non-significantly different between the groups. The mean change of post-bronchoscopy STAI state scores in binaural
beat music, plain music, and no music groups was -7.26 (p<0.001), -3.92 (p=0.005), and -1.12 (p=0.454), respectively. The mean systolic blood pressure and
diastolic blood pressure were significantly decreased from baseline for-9.89 (p=0.002) and -5.76 (p=0.005), respectively in binaural group. The mean heart
rate were increased from baseline for 3.32 (p=0.035), 5.21 (p=0.038), and 3.64 (p=0.149) in binaural beat music, plain music, and no music groups,
respectively.

Conclusions:
The binaural beat music was proven to reduce anxiety among patients undergoing fiberoptic bronchoscopy.
Trial registration:

TCTR, TCTR20200915002. Registered 14 September 2020 - Retrospectively registered.

Background

Fiberoptic bronchoscopy is a diagnostic and therapeutic respiratory procedure for visualizing inside the airways to obtain samples of lung tissue or
bronchoalveolar lavage and remove foreign bodies or mucus plug. Bronchoscopists have to insert the bronchoscope tube into the airways, usually through a
nose or mouth, or occasionally through a tracheostomy. Most patients are afraid of pain and feel stressed with aspiration, breathing difficulty, and
complications. Whereas, conscious sedation with opioid and/or benzodiazepine has been used to relieve patients’ discomfort and anxiety during the
procedure [1, 2, 3]. However, the high dose of these drugs can lead to unfavorable side effects, such as cardiovascular and respiratory suppression.

Music therapy is suggested as a safe and affordable non-pharmacologic means for the relief of stress and anxiety in patients with different interventional
procedures [4, 5]. Previous studies demonstrated beneficial outcomes of music therapy, including a shorter operative time, fewer sedative drug use, and lower
level of pain [5, 6, 7]. Wilson's meta-analysis revealed that listening to music reduced blood pressure and heart rate among patients undergoing bronchoscopy
[8]. Musical sound could affect the emotional and physiological regions of the brain relating to the perioperative anxiety (e.g., blood pressure and heart rate).
In particular, the sound of music controls the releasing of cortisol, which is an essential hormone for stress responses [9].

Binaural beat music was described as a special type of audio by Gerald Oster over 40 years ago [10]. It has recently been considered as a therapeutic tool for
neuropsychologists and clinicians, with its potential to decrease perioperative anxiety in previous reports [11, 12]. This could be generated when two audio
waves of different frequency present to each ear separately. Nonetheless, the frequency of these waves must be lower than 1,000 hertz (Hz). For binaural beat
audio, the recommended frequency of different pitch has to be effectively lower than 30 Hz. For instance, with the sound pitch of 450 Hz and 460 Hz delivered
to the left and the right ears by the headphone, the binaural beat frequency should be 10 Hz in the alpha range of brainwave associated with relaxation.

Thus, we aimed to determine the anxiolytic effect of binaural beat audio compared with plain music without binaural beat and no musical intervention in
patients undergoing fiberoptic bronchoscopy.

Methods
Study design

This was a prospective, randomised, double-blind, controlled trial. The study protocol was approved by Institutional Review Board, Royal Thai Army Medical
Department, Phramongkutklao College of Medicine. Written informed consent was obtained from all subjects after the receipt of written information, with the
opportunity to ask questions from the investigators.

Subjects
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Patients aged = 18 years were recruited and scheduled for elective fiberoptic bronchoscopy under intravenous sedation at Pulmonary and Critical Care
Division, Phramongkutklao Hospital, Thailand, from May 2018 to July 2019. Those with hearing impairment, ear infection, history of epilepsy, cognitive
dysfunction, cardiac arrhythmia, and blood pressure <90/60 mmHg or >160/100 mmHg were excluded.

Randomisation

Eligible subjects were randomised into three groups by using block randomization (block of six), including binaural group (music with binaural beat), plain
music group (identical soundtrack without binaural beat), and control group (earphones with soundless music). Bronchoscopists and investigators who
opened the mp3 audio file were blinded. Subjects were also blinded to the intervention.

Interventions

Being synthesized with the Self Hypnosis and Relaxation Machine (S.H.A.R.M., CyberTeam, Ltd., Informer Technologies Inc., Madrid, Spain) version 2.4 and the
utilization of carrier tones at 109 and 209 Hz, the binaural beat audio had a frequency of 20 Hz during the first 5 minutes, before getting gradually declined to
the 10 Hz therapeutic frequency within 5 minutes later and continually maintained up to 50 minutes. There were relaxing melodies, tones, and rhythms in the
60-minute binaural beat music, with the added nature sounds like waterfall, bird chirping, ocean, river, and forest, as MP3 audio format of high quality for the
binaural beat music group. While, the plain music with no binaural beat was assigned to the plain music group. Nonetheless, the binaural beat was hard for
detection in the experimental group.

All bronchoscopic procedures were performed in the supine posture. Before the procedure, subjects were assigned to receive 1 audio file from randomisation.
MP3 player and earphones (Remax Sport Wired Headset: RM-S15) were given to all groups for playing music, including silent music in the control group.
Earphones were placed in both ears of the subjects about 15 minutes before, during, and after the bronchoscopy. An appropriate level of volume was chosen
for subjects to hear the bronchoscopist's communication. The bronchoscopists were not aware of the subjects’ intervention group.

Assessment Of Anxiety

The effect of binaural beat audio was examined on anxiety status by State-Trait Anxiety Inventory (STAI) questionnaires. The anxiety was measured by
questionnaires with the state subscale (STAI-S) and the trait subscale (STAI-T). The STAI-S comprised 20 questions to determine how the subjects “feel right
now”. Whereas, the STAI-T included 20 questions to assess how the subjects “generally feel”. The scores for both subscales each ranged from 20 to 80 with
higher scores in correspondence to higher levels of anxiety [13, 14, 15]. The subjects were asked to complete both STAI-S and STAI-T questionnaires on a day
of bronchoscopy before wearing the earphones. The STAI-S was done for the second time after the bronchoscopic procedure.

Blood pressure and heart rate were objective measurements of anxiety. Systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR) were
measured before using earphones and 15 minutes after bronchoscopy. Also, the amount of sedative and analgesic use was recorded.

Outcomes

The primary outcome was the changes in anxiety level measured by STAI-S before and after the bronchoscopy. The secondary outcomes were the SBPF, DBP
and HR changes after the bronchoscopy and total amount of sedative and analgesic drugs used in the procedure. Duration of the procedure and intra-
bronchoscopic adverse events were also recorded.

Statistical analysis

Following the data from previous studies [12], a sample size of 27 in each group was required to provide 90% power and 5% type | error. Statistical analysis
was performed using SPSS version 23.0, with One-way ANOVA test for continuous variables and Chi-square test for categorical variables. Paired t-test and
Bonferroni test were applied for the differences within and between the groups, respectively. P-value < 0.05 was considered statistically significant.

Results

From May 2018 to July 2019, 116 subjects were scheduled for the bronchoscopic procedure and included in the study. Of these, 4 subjects were excluded due
to hearing impairment (n = 2) and cognitive dysfunction (n = 2). The remaining 112 subjects were randomised into the binaural beat music (n = 38), the plain
music (n = 38), and the control (n = 36) groups. Seven subjects (2 in the plain music group, 2 in the binaural group, and 3 in the control group) did not complete
the STAI-S questionnaire (Fig. 1). There were no significant differences of demographic data and covariant factors between the groups (Table 1).
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Table 1
Demographic data

Variable Plain music Binaural Control P-value
(n=38) (n=38) (n=36)

Age 58.05+11.99 57.76+13.34 56.72+14.13 0.902

Sex

Male 27 (71.1%) 21 (55.3%) 21 (58.3%) 0.326

Underlying disease

DM 3(7.9%) 6 (15.8%) 10 (27.8%) 0.073
HT 12 (31.6%) 13 (34.2%) 12 (33.3%) 0.970
Cardiovascular disease 1(2.6%) 1(2.6%) 3(8.3%) 0.394
Respiratory disease 6 (15.8%) 8(21.1%) 1(2.8%) 0.061
Malignancy 10 (26.3%) 10 (26.3%) 9 (25%) 0.989
Other 12 (31.6%) 12 (31.6%) 7 (19.4%) 0.407
Drug use

Beta blocker 1(2.6%) 2 (5.3%) 2 (5.6%) 0.796
Sedative or anxiolytic 6 (15.8%) 6 (15.8%) 4(11.1%) 0.804

Previous bronchoscopy

0 24 (63.2%) 26 (68.4%) 21 (58.3%) 0.686
1 11 (28.9%) 9 (23.7%) 9 (25%)

=2 3(7.9%) 3(7.9%) 6 (16.7%)

Procedure

EBUS-GS 21 (55.3%) 21 (55.3%) 14 (38.9%) 0.450
TBB 7 (18.4%) 5(13.2%) 7 (19.4%)

EBUS-TBNA 7 (18.4%) 7 (18.4%) 8 (22.2%)

EBUS-GS & 2 (5.3%) 1(2.6%) 5(13.9%)

EBUS-TBNA

TBNA 0 (0%) 2 (5.3%) 0 (0%)

Airway surveillance 1(2.6%) 2(5.3%) 2 (5.6%)

STAI-T scores 34.55+8.34 36.45+£8.77 34.81+7.84 0.564
Operative time (min) 48.42+22.39 50.26 +21.93 58.19 +26.57 0.176

Final diagnosis

Non-small cell lung cancer 8(21.1%) 14 (36.8%) 13 (36.1%) 0.643
Tuberculosis 6 (15.8%) 5(13.2%) 4(11.1%)

Undiagnosed 20 (52.6%) 13 (34.2%) 15 (41.7%)

Other 4(10.5%) 6 (15.8%) 4(11.1%)

Values are presented as mean + SD and number (%).

Abbreviations: DM Diabetes mellitus, HT Hypertension, EBUS-GS Endobronchial ultrasonography with guide sheath, EBUS-TBNA Endobronchial ultrasound-
guided transbronchial needle aspiration, TBB Transbronchial biopsy, TBNA Transbronchial needle aspiration, STA/-T State-Trait Anxiety Inventory-Trait

Throughout the study, a total of bronchoscopic procedures were performed by 13 different physicians assisted by 7 different nurses. No statistically
significant differences were observed between the groups regarding the attending staffs and the procedures performed during the bronchoscopy. No major
adverse events were reported.

There were no significant differences in STAI-T scores between the groups (Table 1). The baseline STAI-S scores were 39.26 + 8.94, 35.62 + 8.45, and 35.64 +
10.57 for the binaural beat music, the plain music, and the control groups, respectively (p = 0.158). The baseline SBP, DBP and HR also yielded non-significant
differences between the groups (SBP: 133.95+ 22.49, 134.03 + 19.31, and 133.03+ 19.07, p=0.973; DBP: 78.92 + 11.88,78.95+9.01,and 76.33+ 7.63, p =
0.419; HR: 80.29 + 13.44, 84.34 + 14.59, and 82.94 + 16.8, p = 0.490 in the binaural beat music, the plain music, and the control group, respectively) (Table 2).
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Table 2

STAIS scores, SBP, DBP, HR, sedative and analgesic used

Variable Plain music Binaural Control P-value
(n=38) (n=38) (n=36)

STAI-S scores

Pre 35.62+8.45 39.26+8.94 35.64+10.57 0.158

Post 32.03+8.13 33.09+7.34 34.79+8.82 0.360

Mean Change (95%Cl.) -3.92 (-6.58,-1.25) -7.26 (-10.22,-4.3) -1.12 (-4.13,1.89) 0.012

p-value 0.005 <0.001 0.454

(within group)

SBP

Pre 134.03 +19.31 133.95+22.49 133.03+19.07 0.973

Post 138.71+19.49 124.05+19.13 130.25+20.84 0.007

Mean Change (95%Cl.) 4.68 (-2.41,11.78) -9.89 (-15.76,-4.03) -2.78 (9.35,3.8) 0.007

p-value 0.189 0.002 0.397

(within group)

DBP

Pre 78.95+9.01 78.92+11.88 76.33+7.63 0.419

Post 78.42+9.21 73.16+10.4 78.36+11.26 0.043

Mean Change (95%Cl.) -0.53 (-4.15, 3.09) -5.76 (-9.64,-1.89) 2.03 (2.2, 6.25) 0.017

p-value 0.77 0.005 0.336

(within group)

HR

Pre 84.34+14.59 80.29+13.44 82.94+16.8 0.490

Post 89.55+15.77 83.61+15.34 86.58+14.12 0.234

Mean Change (95%Cl.) 5.21(0.31,10.11) 3.32(0.24,6.39) 3.64 (-1.37,8.65) 0.802

p-value 0.038 0.035 0.149

(within group)

Fentanyl (mcg) 86.49 +38.91 91.45+43.99 96.53+49.7 0.628

Midazolam (mg) 3.43+1.48 3.61+1.52 3.75+1.65 0.681

Values are presented as mean + SD and mean change (95%Cl.).

Abbreviations: STAI-S State-Trait Anxiety Inventory-State, SBP Systolic blood pressure, DBP Diastolic blood pressure, HR Heart rate

Post bronchoscopic STAI-S scores were recorded with the mean change of STAI-S scores for - 7.26 (95%CI -10.22 to -4.3, p< 0.001) in the binaural beat music
group, -3.92 (95%Cl -6.58 to -1.25, p = 0.005) in the plain music group, and - 1.12 (95%Cl -4.13 to 1.89, p = 0.454) in the control group. The mean SBP and DBP
were significantly decreased from baseline for - 9.89 (95%CI -15.76 to -4.03, p = 0.002) and - 5.76 (95%Cl -9.64 to -1.89, p = 0.005) in the binaural beat music
group, but no significant changes in the plain music and the control groups. The mean HR was increased from baseline for 3.32 (95%Cl 0.24 t0 6.39, p =
0.035) in the binaural beat music group, 5.21 (95%Cl 0.31 to 10.11, p = 0.038) in the plain music group, and 3.64 (95%Cl -1.37 to 8.65, p = 0.149) in the control
group (Table 2 and Fig. 2). The mean changes of STAI-S scores, SBP, DBP and HR were compared between the groups (Table 3). The binaural beat music
group showed a significant reduction of STAI-S scores (p = 0.009) and DBP (p = 0.016), compared with the control group. Whereas, a reduction of SBP was
significantly demonstrated in the binaural beat music group, compared with the plain music group (p = 0.005). The amount of sedative and analgesic drug use
was non-significantly different between the groups (Table 2).
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Table 3
Comparison of mean change in STAI-S, SBP. DBP and HR between groups

Variable  Mean Change (95%Cl.) P-value
Plain music Binaural Control Plain music Plain music vs. Binaural
(n=38) (n=38) (n=36) vs. Control vs.
Binaural Control
STAIS -3.92 (-6.58, -1.25) -7.26 (-10.22,-4.3) -1.12(-4.13,1.89) 0.282 0.5 0.009
SBP 4.68(-2.41,11.78) -9.89 (-15.76,-4.03) -2.78 (-9.35,3.8) 0.005 0.318 0.369
DBP -0.53 (-4.15,3.09) -5.76 (-9.64,-1.89) 2.03 (-2.2,6.25) 0.165 1 0.016
HR 5.21(0.31,10.11) 3.32(0.24, 6.39) 3.64 (-1.37,8.65) 1 1 1
Values are presented as mean change (95%Cl.).
Abbreviations: STAI-S State-Trait Anxiety Inventory-State, SBP Systolic blood pressure, DBP Diastolic blood pressure, HR Heart rate

Discussion

In this study, binaural beat music could effectively reduce the anxiety in subjects undergoing fiberoptic bronchoscopy, with a significant decrease in STAI-S
scores, systolic blood pressure, and diastolic blood pressure. To the best of our knowledge, this is a novel study to evaluate the efficacy of binaural beat audio
on the perioperative anxiety in bronchoscopy. Prior studies also reported the benefits of binaural beat audio in other procedures. R. Padmanabhan et a/
showed that binaural beat audio decreases STAI-S scores before general anesthesia in surgery [11]. Whilst, D. Wiwatwongwana et a/ conducted a study in
patients undergoing cataract surgery, which demonstrated the reduction of STAI-S scores, systolic blood pressure, and heart rate in binaural beat music group
[12].

Currently, the STAI becomes a standard tool for measurement of preoperative anxiety [13]. In our study, the Spielberger's STAl was applied to measure the level
of anxiety level as a subjective test for self-assessment. Furthermore, the objective parameters of anxiety, including SBP, DBR, HR, and sedative drugs, were
also used in the procedure. Besides, we compared the effectiveness of binaural beat audio on anxiety reduction with plain music and no musical intervention
to explore additional benefits of binaural beat music. The study significantly demonstrated the reduction of SBR, DBP, and STAI-S scores in the binaural beat
music group compared to the plain music and the control group. Whereas, no significant effects on HR was identified. Nonetheless, our results suggested that
the binaural beat audio may have an additional anxiolytic effects over the plain musical intervention.

The binaural beat audio can create some predictable changes to brainwave activities. With the frequencies of binaural beat, the brain is stimulated by different
levels of activation, accordingly to the reticularthalamic activating system, as a process so called ‘entrainment’ in previous reports electroencephalogram
(EEG) recording [16]. Our study purposed to assess the efficacy of binaural beat audio with 10 Hz frequency for the reduction of perioperative anxiety. Initially,
the 20 Hz frequency was adjusted to pre-operative anxiety during the first 5 minutes in accordance with the arousal brainwave. Therefore, the 10 Hz binaural
beat could correspondingly enhance the alpha pattern of relaxing state.

There were some limitations in this sudy. We did not objectively test the self-report of hearing impairment in all subjects. So, those with mild hearing loss may
not be aware of their impairment and this could affect the results of our study. In addition, subjects in the control group were only blinded until the
intervention. This awareness of each individual in the intervention group may cause some bias in the answering of post intervention STAI questionnaires.
Physiologic parameters of anxiety, including SBR, DBP, and HR, may reflect the anxiety state of subjects. Another limitation included the lack of EEG recording
facilities for the brainwave. Thus, further studies should be recommended to assess the subjects’ brainwave by monitoring EEG during the procedure. Other
clinical impacts of binaural beat audio on perioperative anxiety, such as oxygen saturation, cough events, and procedure outcomes, need to be also evaluated.

Conclusions

In conclusion, the binaural beat audio can decrease the level of anxiety during bronchoscopic procedure, measured by STAI questionnaires. Physiologic
indicators of anxiety, systolic, and diastolic blood pressure, are also significantly lower in the binaural beat music group. Hence, music therapy with binaural
beat music has a potential to relieve anxiety in patients undergoing fiberoptic bronchoscopy.

Abbreviations

DBP

Diastolic blood pressure
EEG
Electroencephalogram
HR

Heart rate

SBP

Systolic blood pressure
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STAI

State-Trait Anxiety Inventory
STAIS

State-Trait Anxiety Inventory-State
STAIT

State-Trait Anxiety Inventory-Trait
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CONSORT flow diagram of study subjects Abbreviations: STAI-S State-Trait Anxiety Inventory-State
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