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Dear Editor,

The FDA recently approved the SAINT protocol, an accelerated
transcranial magnetic stimulation (TMS) protocol, for depression. 10
intermittent theta burst (iTBS) TMS sessions are administered per day to
condense the 90,000 pulse treatment into 5 days [1]. Each TMS pulse
generates a loud impulse noise caused by rapid expansion of the coil.

After one 1200-pulse session of 1 Hz or 10 Hz repetitive TMS (rTMS)
to the superior temporal gyrus at 100 % resting motor threshold (RMT),
subjects with poor earplug fit had significant noise-induced cochlear
alterations in the ear ipsilateral to the stimulus [2]. The FDA-approved
rTMS treatment protocol for depression with a NeuroStar coil - 3000
daily pulses of 10 Hz rTMS to the left dorsolateral prefrontal cortex (L
DLPFC) at 120 % RMT for 6 weeks, while wearing earplugs - did not
significantly change subjects’ auditory air conduction thresholds [3],
but their subthreshold sensorineural hearing loss was not evaluated [4].
The SAINT protocol delivers 18,000 pulses daily, a 6-fold increase over
previous FDA-approved TMS protocols. Though all participants in
SAINT trials were required to wear hearing protection, the hearing
safety of daily noise dose in accelerated TMS protocols for patients and
TMS operators has not been studied.

In the SAINT protocol, the MagVenture Cool-B65 coil is used to
stimulate a personalized target in the L DLPFC. Stimulation intensity,
which is capped at 120 % of RMT, is depth-corrected to stimulate the
target at 90 % RMT. The sound pressure level (SPL) generated by TMS
decreases with distance to the coil per the inverse square law and in-
creases linearly with the fourth power of stimulation intensity. rTMS
loudness increases linearly with stimulation frequency as well. There-
fore, reported sound measurements for TMS coils vary. Some exceed 80
dB(A), the American Conference of Governmental Industrial Hygienists
(ACGIH) threshold for noise dosimetry, or 85 dB(A), limit A of the US
Department of Defense impulse noise standard MIL-STD-1474E [5]. The
National Institute for Occupational Safety and Health (NIOSH) Relative
Exposure Limit defines a time-adjusted maximum daily noise dose as
equivalent to 85 dB(A) for 8 hours, with a 3-dB time-intensity tradeoff
for energy equivalence [6].

We calculated estimated SPL and time-adjusted noise dose of the
SAINT protocol for the patient and TMS operator. We compared them to
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calculated noise dose of TMS protocols for which hearing safety has been
assessed and standard limits for safe sound exposure. We chose SPL
measurements obtained with a pressure microphone 25 cm from the
coil. This avoids the confounds of measuring a node created by inter-
ference in the acoustic near-field, or using sound meters, which can
average the impulse noise peak into background noise if their response
time is longer than the impulse duration [7]. The measured sound
pressure level 25 cm away from the MagVenture Cool-B65 operating at
20 Hz and 150 % of the average RMT was 82 dB(A) [5].

Distance from the left tragus to the L DLPFC was estimated to be 12.7
cm using mean head measurements [8] and the EEG-Locator Borck-
ardt/Hanlon System [9]. Since RMT depends on the individual, we used
167 % and 73 % average RMT, corresponding to 120 % RMT for subjects
in the top and bottom 5 percentile of RMT relative to maximum stim-
ulator output, to represent the range [10]. iTBS delivers pulses in a
pattern of 5 Hz bursts, with 3 pulses at 50 Hz per burst totaling 15
pulses/second. All sound exposure limits listed above are defined using
slow-time-weighted sound meters with a 1 second time constant, making
18,000 iTBS pulses energy equivalent to 20 minutes of continuous 15 Hz
noise.

The SPL at the ear of a patient with high RMT undergoing the SAINT
protocol is 88.4 dB(A) for 20 minutes per day (Eq. (1)). It is 82.7 or 74.1
dB(A) for a patient with average or low RMT. The NIOSH time-adjusted
threshold for 20 minutes of noise is 98.8 dB(A) (Fig. 1A). TMS noise dose
from a day of SAINT treatment is energy-equivalent to 8 hours of
exposure to 74.7, 69, or 60.4 dB(A) SPL with high, average, or low RMT
respectively. (Eq. (2)) (Fig. 1B).
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Fig. 1. Sound Pressure Level during SAINT protocol. A) Maximum SPL. Blue line represents TMS operator exposure. Distance from patient’s tragus to L. DLPFC
marked with orange asterisk. Dotted lines show upper limits of noise exposure standards. B) 8-h SPL equivalent to daily noise dose for several TMS protocols. Range
across RMT distribution for SAINT TMS shown in blue, with line marking equivalent SPL for patient with average RMT. Traditional 10Hz rTMS protocols with
different coils marked in black. NIOSH limit and TMS protocol that induced significant cochlear alterations in subjects with poor earplug fit marked in orange. (For
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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SPL for the TMS operator decreases with their distance from the coil.
It falls below 85 dB(A) at 19 cm distance from a patient with high RMT
and below 80 dB(A) at 34 cm. In the SAINT protocol, each patient re-
ceives treatment for 10 minutes/hour for 10 hours [1]. An operator
treating the maximum possible 6 patients per day is effectively exposed
to 2 h of 15 Hz TMS noise daily, increasing their 8 h equivalent daily
noise from TMS by 7.8 dB over treatment of one patient. Exceeding the
NIOSH time-adjusted threshold for 2 h of noise, 91 dB(A), would require
the operator’s ear to remain 9.5 cm from the coil through a full day
treating six patients with high RMT (Fig. 1A).

For comparison, using the same estimation method, noise from the
FDA-approved 10Hz rTMS treatment protocol with the same coil is
equivalent to 8 hours of 61.3 dB(A) SPL for the average patient. The 8-h
equivalent SPL is 58.3 dB(A) with the Magstim 70mm Double Coil or
72.3 dB(A) with the NeuroStar coil [5]. In the rTMS protocols observed
to cause noise-induced cochlear alterations in subjects with poor earplug
fit [2], the 8-h equivalent SPL was 65.8 dB(A) noise at the subject’s ear
(Fig. 1B).

All calculated daily noise doses are under the duration-adjusted
NIOSH relative exposure limits. SPL at the patient’s ear can exceed
MIL-STD-1474E limit A for impulse noise, the strictest threshold, and
require noise dosimetry per the ACGIH threshold. In line with prior
recommendations that TMS patients wear hearing protection, properly
inserted standard earplugs (rated at 35 dB noise reduction with good fit)
bring the patient’s exposure below all identified noise limits. A SAINT
protocol operator’s noise exposure meets all identified standards with
no noise dosimetry required if their ear remains >34 cm from the coil.

Occupational sound exposure limits are thresholds based on noise
levels that cause permanent threshold shifts in audiometry studies.
However, noise-induced cochlear synaptopathy without significant
threshold shift is a growing concern in audiology [4]. Symptoms,
including tinnitus and difficulty understanding conversations, impact
quality of life, a particular concern for patients with depression.
Cochlear function changes have been observed with experimental rTMS
protocols that are within noise exposure limits [2], so these limits do not
capture all relevant mechanisms. We demonstrate that the daily noise
exposure from the SAINT protocol and from traditional rTMS protocols
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can exceed the daily TMS noise exposure that induced significant
cochlear alterations in subjects with poor earplug fit. Cochlear changes
may occur with quieter protocols as well. Therefore, ensuring proper fit
of hearing protection is important for risk management in TMS patients
and operators. Additionally, earplug fit varies in practice, and our
findings do not account for varying head geometry, bone conduction,
noise from other components of the TMS system, or time-varying sound
damping that may influence true noise level delivered to the ear during
TMS. Therefore, thorough audiometric testing is needed to understand
the effect of TMS on hearing.
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