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Introduction: Magnetic stimulation is a non-invasive method of stimulating brain and peripheral
nervous system using induced currents, when used to stimulate brain it is normally referred to as
Transcranial magnetic stimulation (TMS). The last decade has seen a rapid increase in applications of
TMS to study cognition, behavior relations and the pathophysiology of various neurologic and
psychiatric disorders. Further increase in the widespread use of TMS in medical therapeutic and
research applications is expected. This makes the need for clear and updated safety guidelines and
recommendations of proper practice and application critical. Aims & Objectives: The main aims and
objectives of this study is to find out the noise induced auditory changes in patients receiving TMS
treatment. Changes were measured with Pure tone audiometry and DPOAE’s data obtained compared
reliability. Materials & Methods: 42 Patients with diagnosis of double drug resistant depression and
schizophrenia were included in this study. Baseline PTA and DPOAE's performed and repeated at
1,3,6 month interval. Result: Patients developed transient SNHL after TMS noise exposure which
improved and come to near normal in one month. One patient had persistent SNHL. Data from PTA
and DPOAE's were compared which found to be correlate with clinical finding after TMS noise
exposure. Conclusion: The present study is one of the few studies done till now to study the changes
on distorted product of otoacoustic emissions (DPOAES), its shows OAEs are better to study the noise

induced auditory threshold changes when comparing with pure tone threshold(PTA) results.

INTRODUCTION

Magnetic stimulation is a non-invasive method of stimulating
brain and peripheral nervous system using induced currents,
when used to stimulate brain it is normally referred to as Trans
cranial magnetic stimulation (TMS) (1). Anthony Barker et.al
in 1985 first described the use of a changing (pulsed) magnetic
field focused over specific regions of cerebral cortex to induce
muscle action potential (2). The device consists of a
stimulating coil, which comes in various shapes i.e., round coil
(original shape used first time), figure of eight coil (butterfly
coil) the most common type of coil in use, H-coil, double cone
coli (3). The discharging of capacitor inside makes electric
current flow through the stimulation coil, generation a
changing magnetic field with characteristic features like
generated magnetic field lasting 100-300 milliseconds and its
intensity ranging from 1-2.5 Tesla. This magnetic field passes
without resistance through the soft tissues of head and skull
and inducing a secondary electrical current in the brain,
resulting in depolarization of neurons (4).

The (figurel) showing the basic principle involved: Epstein
et.al 1990(5) indicated that the electrical field does not
penetrate deeply into the brain structure (at most 2 cm).
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This results mainly in activation of structures just underneath
the scalp, such as cerebral cortex or subcortical white matter.
Marg and Rudiak 1994(6) indicated that stimulation may reach
slightly deeper 18-2lmm.The magnetic pulses may be
administered individually or in pairs that are a few
milliseconds apart (so called paired pulse stimulation), or
repeatedly in a sequence, or train, lasting from seconds to
minutes also known as repetitive transcranial magnetic
stimulation(rTMS). The repetitive transcranial magnetic
stimulation is defined by number of pulses or frequency in
Hertz (Hz). According to frequency it is divided in to “low
frequency” (slow) rTMS with 1 Hz or less and “high
frequency) (fast) rTMS with more than 1 Hz (usually between
5 and 25 Hz). The last decade has seen a rapid increase in
applications of TMS to study cognition, behavior relations and
the pathophysiology of various neurologic and psychiatric
disorders (6, 7,). Since 2002 approval in Canada for
medication resistant depression and food and drug
administration(FDA) in United States approval for use in
unipolar depression, it has gained widespread use both in
therapeutic as well for research and diagnostic purposes.
Therapeutic use has been claimed in literature for psychiatry
disorders like depression, acute mania, bipolar disorder, panic,
hallucinations obsession and compulsion, schizophrenia,
catatonia, posttraumatic stress disorder, neurologic diseases
i.e., Parkinson’s disease, dystonia, stuttering, spasticity,
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epilepsy, tinnitus (11,12,13,14,15,16). Further increase in the
widespread use of TMS in medical therapeutic and research
applications is expected. This makes the need for clear and
updated safety guidelines and recommendations of proper
practice and application critical (9). The present study was
designed and done to evaluate the auditory changes associated
with use of TMS, and at the same time if it has any effects on
the vestibular system and data from DPOE’s and PTA
investigations compared to know better prediction of noise
induced hearing impairment.

Aims and objectives: The main aims and objectives of this
study is to find out the noise induced auditory changes in
patients receiving TMS treatment. Changes were measured
with Pure tone audiometry and DPOAE’s data obtained
compared reliability.

L

DPOAE:s changes with age:
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MATERIAL AND METHODS

The study was conducted in the department of
Otorhinolaryngology and Department of Psychiatry in All
India Institute of Medical Sciences, New Delhi. After ethical
clearance, forty-two patients were included in study. Informed
and written consent and thorough ENT examinations were
done to rule out any other co morbidities. The transcranial
magnetic stimulation was given by Magstim Rapid Magnetic
Stimulator Unit, Magstim Corporation, New York, NY (Figure
3). All patients wereadults who were included in study (age
>18 yrs.).All patients who were willingness for study, with age
adjusted normal SNHL, conductive hearing loss of 20dB, with
no previous history of dizziness, imbalance were included in
study after informed and written consent.
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Statistical analysis

5521

50
40 4
20
20
10 —=—FPTA
i CAE
-10 - -
o -6.1 2
I -36.11
-40
Distorted Product of Otoacoustic Emissions (DPOAEs) frequency changes:
Distorted Product Of Otoacoustic Emissions (DPOAE) Frequency Changes On 10" day
S.no Patient Age Sex Pre TMS 10™ day 1 month 3 month 6 month
1 SO 30 M 5714-8000 1000-8000-N 1000-8000-N 1000-8000-N
2 SuU 25 M 5714-8000 1000-8000-N 1000-8000-N 1000-8000-N
3 AM 36 M 4000-8000 1000-8000-N 1000-8000-N 1000-8000-N
4 PB 37 M 5714-8000 1000-8000-N 1000-8000-N 1000-8000-N
5 PT 28 M 5714-8000 1000-8000-N 1000-8000-N 1000-8000-N
6 SA 27 M 5714-8000 1000-8000-N 1000-8000-N 1000-8000-N
7 VP 43 M 4000-8000 1000-8000-N 1000-8000-N 1000-8000-N
8 SS 62 M 2857-8000 4000-8000-D 4000-8000-D 5714-8000-N
9 EA 44 M 4000-8000 1000-8000-N 1000-8000-N 1000-8000-N
10 SS 27 F 4000-8000 1000-8000-N 1000-8000-N 1000-8000-N
11 SK 32 M 5714-8000 1000-8000-N 1000-8000-N 1000-8000-N
12 JSA 65 M 2000-8000 1000-8000-N 1000-8000-N 1000-8000-N
13 DK 38 M 2857-8000 1000-8000-N 1000-8000-N 1000-8000-N
14 SS 39 F 4000-8000 1000-8000-N 1000-8000-N 1000-8000-N
15 GM 42 M 2857-8000 1000-8000-N 1000-8000-N 1000-8000-N
16 TS 35 M 4000-8000 1000-8000-N 1000-8000-N 1000-8000-N
17 SA 27 F 5714-8000 1000-8000-N 1000-8000-N 1000-8000-N
18 JK 44 M 5714-8000 5714-8000 1000-8000-N 1000-8000-N
19 AG 33 M 5714-8000 1000-8000-N 1000-8000-N 1000-8000-N
20 HK 49 M 2857-8000 1000-5714-N 8000-D 1000-5714-N 8000-D 1000-5714-N 8000-D
21 PK 27 M 5714-8000 1000-8000-N 1000-8000-N 1000-8000-N
22 RG 43 M 2857-8000 1000-8000-N 1000-8000-N 1000-8000-N
23 Ne 49 F 2857-8000 1000-5714-N 8000-D 1000-8000-N 1000-8000-N
24 US 38 F 4000-8000 1000-8000-N 1000-8000-N 1000-8000-N
25 VK 28 M 5714-8000 1000-8000-N 1000-8000-N 1000-8000-N
26 SG 30 M 5714-8000 1000-8000-N 1000-8000-N 1000-8000-N
27 PC 21 M 5714-8000 1000-8000-N 1000-8000-N 1000-8000-N
28 AG 25 M 4000-8000 1000-8000-N 1000-8000-N 1000-8000-N
29 SR 33 F 5714-8000 1000-8000-N 1000-8000-N 1000-8000-N
30 SK 25 M 4000-8000 1000-8000-N 1000-8000-N 1000-8000-N
31 UK 22 M 5714-8000 1000-8000-N 1000-8000-N 1000-8000-N
32 VS 25 F 5714-8000 1000-8000-N 1000-8000-N 1000-8000-N
33 RS 46 M 4000-8000 5714-8000-D 1000-8000-N 1000-8000-N
34 GA 24 M 5714-8000 1000-8000-N 1000-8000-N 1000-8000-N
35 CL 53 M 2857-8000 1000-8000-N 1000-8000-N 1000-8000-N
PTA DATA STATISTICAL ANALYSIS
Tab 3 Right Ear Left Ear
§ _ | Study interval Pre TMS | 10" day | Imth | 3mth 6mth | Pre MS 10"day | Imth 3 mths 6 mths
5 S | Mean 14.21 15.46 14.21 14.21 1421 | 14.05 16.02 14.05 14.05 14.05
_ % [sSD 5.98 6.87 598 | 5.98 598 | 549 6.54 5.49 5.49 5.49
Z 8 .E SEM 0.923 1.058 0.923 0.923 0.923 | 0.848 1.021 0.848 0.848 0.848
g Mean 11.29 12.34 11.29 11.29 1129 | 1149 12.35 11.49 11.49 11.49
§ SD 5.45 5.92 5.45 5.45 545 | 5.65 5.69 5.65 5.65 5.65
=
g E SEM 0.840 0.925 0.840 | 0.840 0.840 | 0.871 0.888 0.871 0.871 0.871
20dB/20dB 50dB/45dB 45dB/45dB 30dB/25dB 30dB/25dB
100%/100% 100%/100% 100%/100% 100%/100% 100%/100%
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All patients who were having history of seizure, stroke, raised
ICP, brain injury, on medications lowering seizure threshold,
pregnant women & lactating mother and electrical or medical
devices implanted patients were excluded from study. All
patients underwent 5 audiometry tests (Pure tone audiometry,
Speech audiometry, SISI, OAE’s, BERA). Patients average
pure tone threshold were recorded before starting the
transcranial magnetic stimulation. They were evaluated again
at 10™ day of rTMS, and followed up at 1 months, 3 months, 6
months’ interval. Data made into chart (Tab 1) for each ear as
air conduction/bone conduction (AC/BC) with average pure
tone audiometry (PTA) Threshold at 0.5-4.0 kHz frequency
right ear AC/BC. Distorted Product of Otoacoustic Emission’s
(DPOE’S) was taken the same to compare with PTA data
results.

RESULTS

Out of 42 patients 40 patients had double drug resistant
depression and two patients had schizophrenia. Majority of
them were young adults (Tab 1). 8(20%) out of 42 patients
were females. Noise level of acoustic artifacts produced by
stimulating coil recorded with sound level meter at the
patient’s ear level 110dB sound pressure level and at 1 meter
95 dB sound pressure level. Table 3 shows comparison
between average air conduction and bone conduction threshold
between results after 10™ day of TMS with Pre TMS, 1 month
3 month, 6 month done in right ear. There was no statistically
significant difference (p Value: 0.416 and 0.405 respectively)
Similar results were seen on left side as well (p Value: 0.140
& 0.492 respectively).

Comparison PTA vs DPOAE changes at 10" day of TMS:

e Comparison of 20-30 age group and >50 years and
DPOAE’S changes:

o Fisher's exact test:

e p Value: 0.0110

e Statistically significant

DISCUSSION

Noise exposure is the most common cause of sensorineural
hearing loss (SNHL), which is one of the most common
neurological disorders (NIDCD (1995) Research in human
communication. Bethesda, MD: National Institute on Deafness
and Other Communication Disorders) in modern society.The
rapid mechanical deformation of the TMS stimulation coil
when it is energized produces intense, broadband acoustic
artifact that may exceed 140dB of sound pressure level (SPL)
(Counter and Borg. 1992).In the present study as measured by
the sound level meter (TES 1350 A) it was 110 dB SPL at
patient’s ear. This exceeds the recommended safety levels for
the auditory system (OSHA). Before using a given
coil/stimulator, the operator may consult the manufacturer’s
Instructions for use or technical specifications to check the
specified sound pressure levels. During present study TMS
stimulus was given for 10 days at 20 Hz frequency, results
showed significant change in auditory threshold after 10 days
when recorded by pure tone audiogram. The shift was more on
the left the side on which TMS stimulating coils placed, but
statistically insignificant. There was change in the average
bone conduction threshold and air conduction threshold with
pre TMS and after 10™ day, result was insignificant i.e.
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p=0.492 and p=0.141 respectively. Studies by Pascual-Leone
et al., 1992; Loo et.al., 2001 reported transient increase in
auditory threshold in small percentage of patients. Permanent
threshold change has been reported in a single individual who
had not used ear protection (Zangen et al., 2005). In the
present study 1 patient has auditory threshold change still
persisting after 6 months of observation. Patients speech
audiometry showed at pre TMS, at 10™ day of TMS, 1 month,
3 months and 6 month of observation:

The auditory threshold changes studied with otoacoustic
emissions(OAEs) result were in confirmation with pure tone
audiometry(PTA) result, absent OAEs in high frequency
ranges >4000 Hz, in older patients >50 years’ frequency
changes involved the lower frequency ranges 2000Hz too.
Majority of patients have absence of DPOEAS in high
frequency range 5714-8000Hz after 10™ day of TMS
stimulation, there was recovery after 1month in majority of
patients. In a single study on TMS effects on auditory
threshold as recorded by otoacoustic emissions changes
(Repetitive transcranial magnetic stimulation: hearing safety
considerations. Tringali S et, al. Brain stimul. 2012
Jul;5(3):354-63): difference in TEOAE amplitude between pre
and post TMS sessions increased significantly with TMS noise
for those subject’s least protected by ear plugs showing a post
TMS slight decrease of TEOAE amplitude for high intensities
TMS and hence minor hearing function alteration. However,
this correlation was no longer found 1 hour after TMS session.

Conclusion

The present study is one of the few studies done till now to
study the changes on distorted product of otoacoustic
emissions (DPOAEs), its shows OAEs are better to study the
noise induced auditory threshold changes when comparing
with pure tone threshold(PTA) results.
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