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A Chart Review to Assess the Response of Veterans
Suffering from Tinnitus to Alpha Burst Transcranial Magnetic
Stimulation
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ABSTRACT

Objectives: The purpose of this chart review was to assess the response of veterans suffering from tinnitus to Magnetic EEG/EKG-
guided resonance therapy and Alpha Burst Stimulation (ABS), while also investigating the safety profile of this therapy combination.
EEG/EKG-guided Repetitive Transcranial Magnetic Stimulation (rTMS) delivers high-energy electromagnetic pulses to induce current
flow in the neocortex. ABS provides rTMS pulses in short, high-frequency bursts.

Materials and Methods: All equipment used to evaluate and treat participants are either FDA-cleared or are exempt from clearance
and listed with the United States FDA. Stimulation was delivered with a MagPro R30 and an MCF-B65 butterfly coil. Charts were
reviewed from patients who had received a combination of EEG/EKG-guided rTMS and ABS therapy to relieve symptoms of tinnitus.
Paired samples t-tests were performed on the Tinnitus Functional Index (TFI) and Neurobehavioral Symptom Inventory (NSI) scales.
Treatment logs and therapy notes were reviewed for safety data. Adverse events or side effects were extracted from therapy notes.
Linear regression was used to analyze the relationship between number of therapy sessions, and reported patient symptoms.

Results: Eighteen of the 23 patients reported significant improvements in tinnitus symptoms. For patients reporting improvements,
there was an average 44% reduction in tinnitus symptoms and a 60% reduction in NSI scores following intervention. No patients
experienced adverse side effects. The most common side effects were headache and fatigue.

Conclusion: Based on the results from this study, noninvasive neuromodulation holds promise as a potential treatment for tinnitus.
Additional investigation in controlled studies may be warranted.
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INTRODUCTION

Tinnitus is characterized by the perceived sensation of
sound in the absence of an external stimulus and varies in
presentation and volume. Commonly reported phantom
sounds include ringing, buzzing, clicking, hissing,
and other variants of sound'. According to the U.S.
Centres for Disease Control, over 50 million Americans
experience some form of tinnitus. Approximately two
million have extreme and debilitating cases?. The origins
of tinnitus are nonspecific. Any insult to the auditory
pathway may result in tinnitus. Insults may be organic or
trauma-related, including infections, neuromas, head and
neck injuries, loud noise exposure, or following use of
specific medication®. Neurological regions and pathways
generating tinnitus vary, but generally involve auditory
regions. Regional glucose uptake (FDG-PET) was found
to be asymmetrically increased in the left auditory cortex,
independent of tinnitus’s perceived laterality*®. Whereas
most cortical areas activated in the presence of tinnitus
are auditory, the involvement of the frontal-parietal
awareness network and hippocampal regions reflect the
relevance of memory mechanisms in the persistence of
tinnitus®. Tinnitus-related mechanisms are driven mainly
by homeostatic plasticity, involved in altering the balance
between excitatory and inhibitory function of the auditory
system”®, Injury, insult, and potential disorganization in
these areas may result in functional alteration and tinnitus,
carrying with it attentional, emotional, and cognitive side
effects. Most tinnitus patients present with hearing loss®.
The measured frequency of this hearing loss correlated
with their tinnitus. These findings indicated that tinnitus
impacts similar pathways. Disrupted function may be
localized to regions involved in frequency-specific
auditory processing. Tinnitus could be associated with a
lack of auditory processing-specific network synchrony,
as reflected in resting patient brain rhythms™. Alpha
activity is postulated to reflect functional inhibition, and
corresponds to reduced local glucose metabolism. When
compared to normal hearing controls, MEG/EEG studies
showed reduced, stimulation-absent, spontaneous
resting alpha-band activity, coupled with an increase
in slow-wave delta-band power in temporal regions'2,
Reduced alpha activity in sensory regions is a normal
cortical response to sound. A general decrease of alpha
bandwidth may be related to perceived tinnitus. With the
reduction of alpha activity, for tinnitus patients, the auditory
pathways are active even in the absence of sound'1s,
Additionally, increases in resting slow-wave delta activity
local to auditory processing regions indicates inhibition
of appropriate shifts between excitatory and inhibitory
neuronal networks. Targeted neuromodulation and ABS
may re-stabilize neural function for tinnitus sufferers?.

Tinnitus and Military Populations: Tinnitus is especially
prevalent in military populations and is currently the
number one disability among U.S. Veterans'. At the end
of the 2014 fiscal year, nearly 1.3 million Veterans received
compensation for tinnitus'®. Despite the high prevalence
among Veterans, there are currently no drugs indicated

by the FDA to treat tinnitus. Other interventions for tinnitus
include Alprazolam, and Deep Brain Stimulation (DBS)".
Alprazolam, an anti-anxiety medication, is associated with
reductions in the perceived volume of tinnitus; however,
many patients reported a sedating effect. DBS is highly
invasive and consists of neuronal stimulation via an
implanted electrode™. In multiple trials and treatments,
there were mixed results regarding efficacy. With the
exception of DBS, other methods do not address
underlying disruptions in neuronal function.

Neuromodulation: Non-invasive neuromodulation, in the
form of repetitive transcranial magnetic stimulation (rTMS),
was previously investigated as a possible intervention for
tinnitus. rTMS induces a brief electro-magnetic field in
neuronal tissue, which induces regional current that may
bias and modulate endogenous neuronal oscillations’.
rTMS may excite or inhibit activity in neuronal tissue
depending on pulse frequency, with inhibition generally
reported at 1-5Hz, and excitation reported at frequencies
over 5Hz. Modulation of neuronal activity in auditory
cortical areas by rTMS was reported to reduce tinnitus’
perceivable volume and produce therapeutic results with
uni-or-bilateral tinnitus®2'. Previous studies reported
tinnitus suppression with burst rTMS when stimulation
was applied at frequencies corresponding to theta (5Hz),
alpha (10Hz), and beta (20HZ) frequencies. The variability
in response to different stimulation frequencies suggests
opportunities for frequency-specific intervention. In
this protocol, we reviewed charts of tinnitus patients
who underwent a combination of alpha burst rTMS and
personalized EEG-EKG guided rTMS?.,

EEG-EKG Guided rTMS: EEG-EKG guided rTMS is
neuromodulation in which treatment frequency and
location are derived from the patient’s resting EEG and
resting heart rate. EEG frequency bands (Delta, Theta,
Alpha, Beta) are described as harmonic components.
The resting heart rate provides a fundamental frequency
from which the expected frequencies within dominant
EEG bands are calculated. Calculation of the stimulation
rate in EEG-EKG guided rTMS is derived from the higher
harmonic frequency, nearest to the individual’s dominant
EEG frequency. Location of treatment is the area with
highest deviation from a normative database with regard
to EEG power distribution, and generally corresponds
to stimulation in frontal regions?. Application of EEG-
EKG guided rTMS results in cortical excitability or
inhibition, synaptic plasticity, and possibly reinforcement
of endogenous EEG oscillations. Changes in symptom
severity and cognitive performance were reported with
EEG-EKG guided rTMS#2%. These therapeutic effects
hold promise in the study of neuronal function in normal
and pathological states, including tinnitus®>-22,

Alpha Burst Stimulation: Alpha Burst Stimulation
(ABS) is comprised of short bursts of rTMS pulses with
an interval between bursts such that the stimulation
frequency falls within the alpha band range, as shown
in Figure 1. Five pulses at 25Hz are delivered, followed
by an inter-burst interval of 100ms. This burst repeats for
five iterations, a total of 1500ms, before a 13.5-second
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Figure 1: Alpha burst stimulation is comprised of 40 burst trains of 25Hz magnetic pulses. Each pulse is followed by a 100 ms time
interval before another burst is administered. Five bursts comprise a burst train. Each burst train is followed by a 13.5 second break.
ABS calls for 20 burst trains applied to the left (location T3) and right auditory cortex (location T4). Forty burst trains comprise one

tinnitus treatment.

rest period, after which another train of bursts is
administered. Forty (40) burst trains are applied, for a
total of five minutes of stimulation per application. The
procedure is applied first over the right auditory cortex,
positioned at EEG location T4, and then repeated over
the left auditory cortex at EEG location T3. This approach
is designed to mimic the neuronal bursting activity
present in auditory regions thought to be responsible for
appropriate processing of auditory information. ABS is
generally applied for ten sessions, once per day, at least
five times per week. Additional treatments are applied at
the discretion of the attending clinician. To ensure patient
safety, stimulation is delivered between 80-100% of a
patient’s motor threshold, at a level that does not cause
significant discomfort?*?6, EEG-EKG guided rTMS and
ABS procedures are administered by trained technicians,
and patients are evaluated by clinicians and appropriately
consented prior to and throughout therapy.

Measures: The Tinnitus Functional Index (TFl) and
Neurobehavioral Symptom Inventory (NSI) scores were
administered to patients undergoing ABS and EEG-EKG
guided rTMS. The Tinnitus Functional Index (TFI), which
is the clinical standard, is comprised of eight sections,
including: intrusiveness, sense of control, cognitive
disruption, sleep disturbance, auditory difficulty, and
interference with relaxation, quality of life, and emotional
distress?"?%, These sections can be combined to produce
a total TFI score out of a possible 100. The TFl score
ranges are as follows: 0-17 not a problem, 18-31 a small
problem, 32-53 a moderate problem, 54-72 a big problem,
and 73-100 a very big problem. The total scores and
eight subsections were analyzed for clinical changes in
response to treatment. See Table 3. The NSl is preferred
by the Department of Veterans Affairs (VA) to measure
post-concussive symptoms in comprehensive traumatic
brain injury (TBI) evaluation®%. The NSI is a 22-item
self-report questionnaire quantifying patient cognitive

wellness over the past two weeks. Patients described on
a scale from zero to four the severity of traumatic brain
injury symptoms, such as headache, poor coordination,
difficulty concentrating, or changes in perception.
Based on NSI normative data, scores exceeding 24 are
considered to be clinically elevated?.

Demographics: All patients in this chart review were
active or retired US military personnel. Patients were
current or past patients of the Brain Treatment Centre
San Diego who reported experiencing tinnitus. Eighty-
nine percent of tinnitus patients suffered past TBI. Twenty
male and 3 female patients, aged 20-70, were included in
records provided for review per protocol.

MATERIALS AND METHODS

As part of clinical practice, Veterans were asked to
complete an NSI and TFI before and after treatment
completion. Half of the patients were administered the
baseline TFI before treatment, the other half completed
their baseline TFI retrospectively, which was shortly after
beginning treatment. Number of treatments received,
for both EEG-EKG guided rTMS and ABS varied based
on clinician judgement and patient response. To measure
therapy durability, follow-up TFls were administered one
month following treatment. All patient data was deidentified
by the clinic before sharing electronic copies of all patient
scales, treatment logs, and therapy notes. Patients were
monitored before and during therapy by a licensed clinician.
All patients underwent treatment with the understanding that
they could stop treatment at any time.

RESULTS

Eighteen of the 23 patients, or 78%, reported a decrease in
tinnitus symptoms in both clinician notes and TFI scales.
Of the 18 patients reporting improvement, there was a
53% average decrease between baseline TFl and post
treatment scores. See Tables 1-3. Twelve of 23 patients’
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Table 1: Paired T-Test on Baseline TFl and Post-Treatment Scores.

Group Mean Paired T P Value
Baseline 32.22 22.16 3.0981 0.00592
Post-Treat 22.05 22.85
Table 2: Paired T-Test on Baseline, Post-Treatment, and Follow-Up TFI Scores.
Group Mean P?&'eg 14\33' P Value
Baseline 31.91 22.81 - -
Post 22.44 24.53 2.226 0.04432
Follow-Up 2411 22.96 2.8811 0.01287
Table 3: Paired T-Test on Baseline and Post-Treatment TFI Subdomain Scores.
Section Baseline SD Post Mean Post SD Paired T (N=23)
Intrusiveness 7.41 9.425 6.82 0.01
Sense of Control 8.04 9.75 8.81 0.08
Cognitive Interference 6.89 6.55 7.54 0.05
Sleep Disturbance 9.3 5 6.6 0.15
Auditory Interference 7.57 8.25 8.55 0.01
Relaxation Interference 7.77 5.7 7.23 0.003
Quality of Life 9.31 6.2 8.85 0.01
Emotional Distress 6.9 4.15 4.15 0.96
TFI Total 22.16 22.05 22.85 0.006

TFlIscores fell into the "not a problem" range after receiving
treatment. Eight of these scores dropped one TFl tier as a
result of treatment. Four of these improvements spanned
two tiers, representing more dramatic shifts. Five of the
patients did not shift in TFI categorization, although
their numerical scores may have dropped. Two patients
reported worsening tinnitus symptoms, and two patients
discontinued ABS treatment due to headaches. The
average TF| score at baseline was 32.22 = 22.16. The
TFI score post treatment was 22.05 = 22.85 (p = 0.006).
The TFI score at follow-up was 24.11 = 22.96. Follow-
up scores remained significant from the baseline scores
(p = 0.01). It should be noted that the sample size for
follow-up TFI was almost half that of baseline (n = 14),
due to patient non availability. Five out of the eight TFI
subdomains saw significant improvements in Figure 2.

Post-Treatment: Follow-up TFI's were collected one
month after treatment completion. There were no
significant differences between post treatment TFl and
the follow-up (p = 0.66), both for the TFI total and each
subdomain. These findings suggested that patient relief
was sustainable after ceasing treatment. It is worth noting
that 10 of the 14 patients who completed a follow-up TFI
observed an increase in tinnitus symptoms post-treatment
completion. It should also be noted that of the 14 follow-
up TFI scores, seven of those scores were in the "not a
problem" range, as defined by the TFI. Because half of
the TFI categorizations remained in the “not a problem”
range at follow-up, we can assume any changes following
treatment completion were minimal.

NSI: The mean NSI score for all patients at baseline was
37.87 = 11.34. Post-treatment NSI scores average at
18.71 = 13.20 (p = 0.000067), as seen in Table 4. Based
on normative NSI data for®® Veterans with mild TBI, the

baseline score began in the top 1% and dropped to the
thirtieth percentile All but one patient saw a reduction in
the NSI score.

Number of Treatments: Linear regression lines were
used to explore the relationships between the number
of EEG-EKG guided rTMS treatments and NSI scale
changes (R2 = 0.07, F(1,18) = 1.39, p = 0.25), and
the number of ABS treatments to TFI improvement (R2
= 0.04, F(1,30) = 1.36, p = 0.24). There were no linear
correlations for either, suggesting that higher treatment
count may not translate to more robust clinical response
past an initial period of therapy. To potentially identify
an optimal treatment number, clinical scale percent
differences were grouped by their treatment count. There
were five groups of treatments:10-20, 20-30, 30-40, 40-
50, and 50+. T-tests showed no significance between
the groups (p = 1.00). Figure 3 revealed that patients
saw the greatest NSI improvement (47%) between 10- 20
EEG-EKG guided rTMS sessions. This increase does not
differ much from the 44% increase seen at 50+ sessions.
The same analysis was performed for ABS treatment
number and TFI percent differences, with appropriate
adjustments made to the treatment count groupings.
Though differences were not significant, there was a
trend of higher ABS count and greater TFl improvement.
Figure 4 indicated that the greatest changes in tinnitus
were seen after 20 ABS treatments Figure 4.

Retrospective TFI: Retrospective reporting lends itself
to potential measurement error and bias. To address the
issue of retrospective reporting, we separated the data
for those who had a retrospective baseline TFI (Group
1), and those who completed the scale before beginning
treatment (Group 2). The results for the independent
groups were synonymous with original findings. Both
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Figure 2: The TFI subdomains intrusiveness, auditory difficulty, interference with relaxation, and quality of life were all significant at
p < 0.01 when comparing pre-and-post treatment scores Cognitive disruption was significant at p < 0.05. Sense of control, sleep

disturbance, and emotional distress saw no significant changes.

Table 4: Paired T-Test on Baseline and Post-Treatment NSI Scores.

Paired T
Grou Mean SD P Value
P (N = 23)
Baseline 37.87 22.81 4.8994 0.00006723
Post-Treatment 18.71 13.2 - -

NSI Percent Change v. Number of MeRT Treatments
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Figure 3: Bar Chart of NSI Score Percentage Change vs. Number of MeRT Sessions NSI scale percent changes pre-and-post
treatment were grouped by the treatment count. There were five groups of treatments: 10-20, 20-30, 30-40, 40-50, and 50+. T-tests

showed no significance between the groups (p = 1.00).

groups saw significant differences between the pre-
and post-treatment TFI scores, with p = 0.01 and p =
0.05, respectively. There were no significant differences
between Group 1 and 2 baseline TFI scores (p = 0.08).
These analyses indicate that the chart review findings
cannot be discredited due to retrospective report bias
Figure 5.

Side Effects: The most common side effects of rTMS

are local discomfort at the site of treatment, headaches,
and neck pain (due to head positioning while receiving
treatment)®'. These known side effects have been reported
to last no longer than one-hour following treatment®. Side
effects observed during this clinical chart review were
considered mild by FDA standards, and were consistent
with those reported in similar applications of rTMS. No
patients experienced unusual discomfort and no serious
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TFI Percent Change v. Number of ABS Treatments
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Figure 4: BTFI scale percent changes pre-and-post treatment were grouped by the treatment count. There were four groups of
treatments: 1-10, 10-20, 20-30, 30+. T-tests showed no significance between the groups (p = 1.00).
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Figure 5: Boxplot of Baseline vs. Post-Treatment TFl Total Score baseline was 32.22 + 22.16. The TFI score post treatment was

22.05 * 22.85 (p = 0.006).Fl score.

adverse events, such as seizure, occurred. Out of the 23
patients who completed both pre-and-post TFI's, 65%
reported mild headache following treatment. For the
majority of patients experiencing headaches (n = 13),
symptoms subsided after an average of 11.75 treatments,
which was roughly two weeks’ time. One patient reported
intermittent headaches throughout treatment that did
not resolve; however, the headaches were not intrusive
enough to discontinue. Sixty-one percent of patients
reported feeling fatigued, 39% reported an increase in
anxiety, and 26% reported feeling emotionally volatile.
For most patients, these side effects were resolved after
two weeks’ time, attributing the emotional changes to a
new therapy routine and nerves surrounding treatment
expectation. Thirty percent reported that their tinnitus
worsened before itimproved. Of the patients who reported
their tinnitus worsening, these reports occurred early on
in treatment, likely as a result of cortical reorganization
and attention to individual symptom severity”. The seven
reports of tinnitus increasing in volume led to eventual

improvement, either volume reduction, or complete
tinnitus resolution. These resolutions occurred after an
average of 16.23 treatments, roughly three weeks’ time.
Conclusion two of the 23 patients, there were reports
of blurred vision, dizziness, and eye twitching. For both
patients, these symptoms occurred after intense workout
and may be the result of low-blood sugar, unrelated to EEG-
EKG guided rTMS or ABS treatment. These patients, who
discontinued treatment, reported headaches brought about
by ABS as well as physical discomfort at the stimulation site.
Therapy notes specified a dull pain at T5, the treatment site,
and feelings of increased cranial pressure

DISCUSSION

Tinnitus is extremely prevalent in military populations
and is positively correlated with depression, anxiety and
TBI®3¢, In this chart review, we assessed the response
of Veterans suffering from tinnitus to personalized
neuromodulation in the form of EEG-EKG guided rTMS
and ABS in a clinical setting. Patients with tinnitus show
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Figure 5: Boxplot of Baseline vs. Post-Treatment NSI Score.The mean NSI score for all patients at baseline was 37.87 = 11.34. Post-

treatment NSI scores average at 18.71 = 13.20 (p = 0.000067.

common deficits in resting network function, specifically
within the alpha range. Non-invasive neuromodulation
provides a unique approach that allows for patient specific
excitation of tissue at deficit. Following daily administration
of combined EEG-EKG guided rTMS and ABS, response
to therapy was greatest between 10-20 sessions. The
noted response may result from the formation of long-
term potentiation of network function matching delivered
stimulation. As stimulation parameters mimicked alpha
oscillations, a reinforcement of these oscillations may
have shifted neuronal bursting from slower frequency
rhythms to faster rhythms. Future studies may integrate
EEG and FDG-PET to appropriately capture and monitor
shifts in local glucose metabolism and alpha density in
addition to patient response on clinical scales. Given the
small sample size, lack of a control group, and broad
range of response, the observed benefit of ABS for
tinnitus may be overestimated. Though predominately
positive, percent of improvement varied between patients.
Further research is necessary to determine how different
variables correspond to therapeutic response, including
number of treatments, patient age, and tinnitus etiology.
We found no significant differences between patient age
group and percentage change (p = 0.25); however, the
trend suggested the younger the patient was, the more
dramatic their response to treatment. Similarly, with
number of treatments, there was no significance between
groups (p = 0.24), but there was an observable trend.
In examining clinician notes and patient scale changes,
average symptom improvements occurred at 15-20
treatments for both EEG-EKG guided rTMS and ABS.
Consistent with generally reported rTMS side effects,
EEG-EKG guided rTMS and ABS side effects, such as
headache and emotional volatilely, also subsided after 10-
20 treatments. Future trials may target 10-20 treatments
in determining sensitivity to treatment response shown in
Figure 6.

Study Limitations

In addition to small sample size and lack of a proper
control, this chart review is subject to Survey Non-

Response Bias®. Half of patients who completed baseline
and post-treatment TFI scales did not complete a follow-
up TFI. Results should be considered preliminary until
more generalizable data may be reported

CONCLUSION

Results from this chart review showed that combined ABS
and EEG-EKG guided rTMS may be conducive in tinnitus
intervention. While this treatment revealed promising
results, with a reasonable safety profile, additional
double-blind sham-controlled research is necessary
to appropriately characterize therapeutic response.
Neuromodulation, in the form of EEG-EKG guided rTMS
and ABS, may modify the organization and inhibition in
resting state network function, consequently impacting
tinnitus.
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