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Abstract

Background: Individuals with Mal de Debarquement Syndrome (MdDS) experience persistent 

oscillating vertigo lasting for months or years. Transcranial magnetic stimulation (TMS) can 

modulate the motion perception of MdDS.

Materials and Methods: Twenty-six TMS naïve individuals received single administrations of 

continuous theta burst stimulation (cTBS) over the occipital cortex, cerebellar vermis, and lateral 

cerebellar hemisphere, in randomized order. A 0-100 point Visual Analogue Scale was used to 

assess acute changes in oscillating vertigo severity after each session. Repeated treatments were 

given over the target that led to the most acute reduction in symptoms. All treatments were 

performed with neuronavigation using the participant’s own brain MRI. The Dizziness Handicap 

Inventory (DHI), MdDS Balance Rating Scale (MBRS), and Hospital Anxiety and Depression 

Scale (HADS) were assessed weekly at four pre-treatment and six post-treatment time points.

Results: Twenty participants chose either the occipital cortex (11) or cerebellar vermis (9) targets 

as most effective in reducing the oscillating vertigo; one chose lateral cerebellar hemisphere; five 

chose none. After 10-12 sessions of 1200 pulses over the target of choice, 19/25 treatment 

completers noted ≥ 25% reduction, 12/25 ≥50% reduction, and 8/25 ≥75% reduction in oscillating 

vertigo intensity. A one-way repeated measures ANOVA of DHI, MBRS, and HADS scores before 

and after treatment showed significant reductions in DHI, MBRS, and the HADS Anxiety sub-

score immediately after treatment with most improvement lasting through post-treatment week 6. 

There were no significant Depression sub-score changes. Participants who had chosen vermis 

stimulation had comparatively worse balance at baseline than those who had chosen occipital 

cortex stimulation.

Conclusion: cTBS over either the occipital cortex or cerebellar vermis is effective in reducing 

the oscillating vertigo of MdDS acutely and may confer long-term benefits. Sustained 

improvement requires more frequent treatments.
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Introduction:

Mal de debarquement Syndrome (MdDS) is a motion perceptual disorder of persistent 

oscillating vertigo caused by entrainment to periodic motion such as occurs during 

prolonged water, air, or land travel (1-3). Though brief periods of post-motion oscillating 

vertigo described as a feeling of “rocking,” “bobbing,’ or “swaying,” occurs commonly in 

healthy individuals, prolonged symptoms lasting more than one-month are pathological and 

can lead to high levels of morbidity (4-6).

Treatment options for persistent MdDS are limited with longer symptom duration associated 

with decreasing chance of resolution (7). Benzodiazepines and antidepressants in the 

selective serotonin reuptake inhibitor (SSRI) class can ameliorate some symptoms but 

incomplete control is typical, especially for episodes that last for years (7,8). Investigational 

treatments for MdDS using non-invasive brain stimulation with transcranial magnetic 

stimulation (TMS) have shown that the motion perception can be acutely altered with 

therapies that modulate functional connectivity (9-11). Though sustained improvement 

requires long-term treatment, these studies indicate that the underlying biology of MdDS 

may involve functional transitions between metastable brain states that can be entrained by 

external periodic input.

Initial studies using repetitive TMS (rTMS) of the dorsolateral prefrontal cortex (DLPFC) 

have shown that both high-frequency (10Hz) left DLPFC and low-frequency (1Hz) right 

DLPFC stimulation are able to drive down motion perception acutely after single sessions 

and for months after multiple sessions (12-14). Functional connectivity measurements with 

both functional MRI and high-density EEG implicate a reduction in long-range intrinsic 

functional connectivity (IFC) correlating with symptom improvement after DLPFC 

stimulation (9). Additionally, connectivity between the posterior default mode network and 

the left entorhinal cortex, a region previously found to be hypermetabolic in MdDS, 

decreases in treatment responders (10,15).

Functional MRI and EEG studies in MdDS to date indicate that additional neuromodulation 

targets might be used more directly and perhaps more effectively than DLPFC (16-18). 

Potential targets suggested by IFC differences between individuals with MdDS and healthy 

controls or in pre vs. post scans of individuals with MdDS who respond to neuromodulation, 

include: 1] primary visual cortex, 2] visual association areas, 3] default mode network, and 

4] fronto-parietal attention network (2,9-11,15,19).

On the basis of these prior studies, we explored whether cortical targets suggested by 

neuroimaging markers would be more effective than DLPFC in reducing the oscillating 

vertigo of MdDS (10,12,13). For this study, we chose three targets: 1] visual association area 

2] default mode network, and 3] fronto-parietal attention network (20-22). Primary visual 
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cortex was not chosen because of the induction of phosphenes that would prevent adequate 

blinding between targets.

In order to perform all stimulations over a similar region of the head, we chose the cerebellar 

representations of the default mode network (lateral cerebellar hemisphere over the 

horizontal fissure) and fronto-parietal network (cerebellar vermis lobule VII) (22,23). The 

visual association area just below the parieto-occipital sulcus in the occipital lobe was the 

final target. This strategy limited the surface area of potential stimulation and created a 

similar level of discomfort between stimulation sites. After administering this protocol in 12 

participants and finding only one person with minimal improvement to the lateral (right) 

cerebellar hemisphere target, we shifted this target down to the right cerebellar lobule VIII, 

which is functionally connected with the precuneus another node of the default mode 

network (24).

Given the posterior location of the treatment targets and the lower threshold for pain in 

stimulating these regions, we chose a continuous theta burst stimulation protocol (cTBS) 

over conventional rTMS. cTBS paradigms are given as trains of three pulses every 20ms 

(50Hz) which are repeated every 200ms for a total of 600 pulses delivered in about 40 

seconds (25,26). cTBS paradigms have the additional advantage of yielding more durable 

motor suppression than conventional rTMS given at 1Hz and can potentially provide more 

durable clinical responses in other targets (27-29). We chose cTBS over the functionally 

opposite intermittent TBS (iTBS) paradigm because iTBS had previously been shown to 

enhance functional connectivity in the default mode network, whereas our goal was to 

decrease functional connectivity (23).

Because MdDS is a relatively uncommon disorder and all participants in this study had to 

travel in from other States to participate, we used an ‘n-of-1’ design to rapidly test the acute 

efficacy of each target site by serially, but in randomized order, treating each participant over 

each target. These designs add statistical power, have high utility in the study of rare 

disorders, and are a step toward the personalization of treatment protocols (30-32). This 

method allowed us to test several different targets in the same session while also allowing 

each participant to be treated with their self-rated most effective protocol. Though prior 

imaging data were the basis of the treatment targets for this study and pre and post treatment 

imaging was performed as part of this study, this report will focus on the clinical outcomes, 

only.

Materials and Methods:

Informed Consent

Study procedures were completed according to Declaration of Helsinki guidelines and 

approved by Western IRB (www.wirb.com). Participants provided written informed consent 

and were recruited under ClinicalTrials.gov study . This study used rTMS in an off-label 

manner. The study was completed between August 2015 and July 2017.
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Inclusion and exclusion criteria

Inclusion criteria included: 1. Chronic perception of oscillating vertigo that started within 

48-hours after disembarking from sea, air, or land based motion exposure; 2: symptoms 

lasting at least six months; 3: no other cause for symptoms after evaluation by a neurologist 

or otolaryngologist with appropriate testing for peripheral inner ear or other central nervous 

system cause for symptoms. Exclusion criteria included: 1. An unstable medical or 

psychiatric condition, including a history of bipolar disorder or psychosis; 2: pregnant or 

planning to become pregnant during the study; 3: contraindications to receiving rTMS or 

MRI, including medications known to reduce seizure threshold; 4: an unclear history of the 

onset of symptoms; 5: an inability to complete all study related testing. The CONSORT 

diagram of the recruitment pathway for this study is shown in Supplemental Fig.1. In order 

to recruit a medically refractory cohort who had the greatest benefit to risk ratio for 

participating, this study group had tried and failed at least one benzodiazepine, a selective 

serotonin reuptake inhibitor (SSRI) or a SSRI/selective norepinephrine reuptake inhibitor 

(SNRI), and physical therapy before entering the study (8).

Reporting

Participants reported daily symptom scores on an encrypted SurveyMonkey® weblink that 

was individualized with their participant codes starting from Day −24 and ending on Day 

+48 relative to their first on-site study date. Additionally, for each of 11 weekends (10 weeks 

inclusive of the weekend that lead into and ended the participation period), participants 

completed a series of questionnaires on a separate SurveyMonkey® weblink. These included 

the Dizziness Handicap Inventory (DHI) (33) scored from 0–100; MdDS Balance Rating 

Scale (MBRS) (13) scored from 1–10; and the Hospital Anxiety and Depression Scale 

(HADS) with each component scored from 0–21 (34). In each of these scales, higher scores 

represent worse symptoms. Participants were compensated at our standard institutional rates 

for each activity (interviews, MRI, EEG, rTMS) as well as for the online diaries. They were 

not compensated for travel expenses.

MRI for navigation

All participants underwent structural brain MRI imaging for use in neuronavigation during 

the rTMS sessions. A T1-weighted magnetization-prepared rapid gradient-echo (MPRAGE) 

sequence with SENSE using the following parameters was acquired: FOV = 240 mm, axial 

slices per slab = 190, slice thickness = 0.9 mm, image matrix = 256×256, TR/TE = 5/2.012 

ms, acceleration factor R = 2, flip angle = 8°, inversion time TI = 725 ms, sampling band-

width = 31.2 kHz.

rTMS procedures

rTMS was performed with the Magventure MagPro X100 stimulator with a cooled angled 

double-cone coil in biphasic mode (Cool D-B80, Magventure). The Localite TMS Navigator 

(Localite GmBH, Germany) frameless stereotaxy system was used for neuronavigation to 

identify each target (occipital cortex, cerebellar vermis, lateral cerebellar hemisphere). In 

preliminary trials of this paradigm, stimulation at the active motor thresholds of the abductor 
pollicis brevis were not well tolerated in these participants due to neck muscle contraction 
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and variation between hair and neck thickness between subjects that made a standard motor 

threshold an unreliable measure on which to base an initial stimulation intensity. Therefore 

we started with standard stimulation intensities across participants (45% for the occipital 

target, 42% for the cerebellar vermis target, and 40% for the lateral cerebellar target) to 

compensate for the relative degrees of discomfort induced in each region. Once tolerance 

was assessed and the participant habituated to the stimulation, we raised the intensity to the 

maximum tolerated level that would not elicit pain for each site. Right-handed subjects 

received right lateral cerebellar stimulation. Since our prior DLPFC study suggested that 

left-handed participants required an oppositely lateralized paradigm from right-handed 

participants, the two left-handed participants received left lateral cerebellar stimulation (12). 

The occipital and vermis targets were midline in all participants. A representative image of 

the targeting used for each site is shown in Fig. 1. Participants wore earplugs and sat with 

their face down on a portable massage chair with the neck slightly flexed during stimulation.

Trial design: On Day 1, participants underwent baseline imaging and symptom 

assessments. On Day 2, the participants received one session of 600 pulses over each of the 

three cTBS targets in randomized order between participants. Participants sat for 5-minutes 

following the end of each stimulation session before they were allowed to move. Each 

session was followed by a 60-minute reporting period of symptom change on a visual 

analogue scale of 0–100. Since a 3-item list can be permuted in six ways (3×2×1), each 

order of stimulation was given to four right-handed participants (6×4=24). Not enough left-

handers could be recruited to make a full panel of six. The specific order of treatment 

received was determined by the participants’ study order entry. The stimulation target that 

most optimally lowered the participant’s symptoms on the VAS was chosen for repetitive 

treatment sessions.

Postural sway was assessed with the modified Balance Error Scoring System (mBESS) 

using the Sway Balance® mobile app (35). Scores are from 0 to 100 with 100 indicating 

better balance. Because there is a practice effect with balance testing, balance was measured 

on Day 1 and Day 2 before any TMS was performed. Day 2 scores were used as the baseline 

measurements.

Four treatment sessions consisting of 1200 pulses divided into two blocks (600 pulses x 2 

separated by a 20 second break) were given on Days 3 and 4 and typically two to four 

treatment sessions were given on Day 5, as time allowed. Repeated sessions were separated 

by about 30-minutes. The participants traveled home, typically by flying, the day after the 

last treatment. Participants were required to avoid any medications changes or any other 

travel lasting more than two-hours for the duration of the study.

Statistical analysis

Data were analyzed with STATA IC version 14.2 (www.stata.com). Changes in VAS scores 

used simple raw data with differences measured between Day 1 and Day 5 and percent 

change measured with the Day 1 score as the denominator. For the weekly questionnaires 

(DHI, MBRS, HADS), the median of the four scores obtained pre-treatment was used as the 

baseline for each participant. This was to account for the inherent variability in symptoms. 
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The mean was not used because it is sensitive to outlier effects. The difference between this 

median value and scores after TMS and the six weeks post TMS were entered into a one-

way repeated-measures ANOVA analysis. Greenhouse-Geisser correction was made to 

account for the non-independence of within subject data. Linear prediction models with 95% 

confidence intervals were calculated for the DHI, MBRS, HADS Anxiety, and HADS 

Depression scores and are presented graphically.

Participant characteristics

Twenty-four right-handed and two left-handed rTMS naïve women with MdDS were 

recruited. The study was open to either sex, but only women completed all pre-study 

requirements. Mean age at the time of the study was 51.3± 12.4 years (range: 30–70 years, 

median: 53.5 years); mean age of onset for MdDS symptoms= 48.7± 12.4 years (range: 25–

69 years, median: 49.5 years); mean duration of illness= 30.0±31.1 months (range: 7–132 

months, median: 17.0 months); triggers included 17 water-based travel, six air travel, and 

three land travel (Table 1).

Results

Twenty-five of 26 total participants completed 10–12 sessions of cTBS given over three 

days. One participant did not finish the entire week due to developing a concurrent medical 

illness. Her data were not included in the long-term response analysis. Twenty participants 

favored one treatment target over the others with 11 choosing the occipital target, nine 

choosing the cerebellar vermis target, and one choosing the cerebellar hemisphere target 

based on reduction in vertigo intensity. One participant worsened with all study targets and 

was treated with a slightly more dorsal target (precuneus), which was well tolerated. Her 

data were included in the long-term response analysis. The remaining three participants who 

did not report any benefit were randomly assigned to one of the three treatment targets 

(Supplemental Fig.2).

In total, 19/25 (76%) reported ≥25% reduction, 12/25 (48%) reported ≥50% reduction and 

8/25 (32%) reported ≥75% reduction in vertigo intensity based on a 0–100 VAS from Day 1 

to Day 5 (Fig. 2). This was much higher than the previously reported response to DLPFC 

stimulation, in which only 30% had a positive response of any magnitude (10). A small 

number of participants worsened within the week; the subject who worsened the most did so 

after the initial testing day and not after repeated treatment. Though she gradually improved, 

she did not return to baseline during the week.

The change in balance measured by mBESS from Day 2 to Day 5 for each treatment group 

is presented in Fig 3.

Baseline differences in responder groups

One-way ANOVA with one factor and three levels were performed for response groups 

(occipital target, vermis target, no-response) in order to determine any baseline factors that 

could predict which target an individual preferred. Since only one person chose the lateral 

cerebellar target, this was not included as a separate group. There were no differences in age 

of onset, age at time of study, duration, DHI, MBRS, or HADS scores that were related to 
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target choice (Table 2). Although there was a trend for a difference in age of onset and 

duration of symptoms, there were no significant differences in post hoc analyses.

There was a ceiling effect on the feet together eyes closed condition at baseline with mean 

scores in the high 90’s in all groups (Table 2), indicating fairly good unstressed balance. 

There were, however, significant differences in the three groups in the right foot forward 

stance condition F(2,22)=5.34, p=0.0129. Post hoc Bonferroni analysis showed that there 

was a significant difference between the occipital cortex target group (score 85.1+/−18.7) 

compared to the vermis target group (48.7+/−30.5) p=0.013, suggesting worse baseline 

balance in individuals who chose the vermis target. There were no significant differences 

between the non-responders and either responder group (Table 2). This may indicate that 

balancing on the non-dominant foot (left, for most participants) is an appropriate level of 

difficulty to bring out differences between groups. Kruskal-Wallis equality of populations 

rank test showed no difference in the proportion of participants in each group with a history 

of migraine or concurrent use of an SSRI, SSRI/SNRI, or a benzodiazepine.

Response durability

Repeated measures ANOVA using the four-week median scores for DHI, MBRS, and HADS 

as the baseline, showed significant decreases in DHI [F(10,24)= 4.38, p<0.005], MBRS 

[F(10,24)=4.44, p<0.05], and the HADS Anxiety sub-score [F(10,24)=3.92, p<0.05] during 

the course of the study. HADS Depression sub-scores did not change significantly 

[F(10,24)=0.43, p=ns]. Linear prediction models with 95% confidence intervals showed 

score changes all decreasing significantly (p<0.05) for six weeks post TMS except at post 

week 3 in which there was a trend for significance (Fig 4). The correlation between the DHI 

and MBRS was R2=0.4867; for MBRS and HADS Anxiety R2=0.2002, and MBRS and 

HADS Depression R2=0.1959.

Discussion:

We report results of an open-label “n-of-1” design trial of cTBS over occipital cortex and 

cerebellum for MdDS. This trial design allows for rapid testing of multiple targets and 

individualization of treatment protocols. Acute improvement was noted when treatments 

were given 3–4 times per day, stacked every 30-minutes. Participant choice of occipital 

cortex and cerebellar vermis were evenly divided with rare choice of the lateral cerebellar 

hemisphere. Responders to vermis stimulation had worse baseline balance than occipital 

cortex responders.

Selection of targets

The occipital cortex target was chosen because of a prior study that showed that individuals 

with MdDS exhibit higher baseline functional connectivity between the entorhinal cortex 

and posterior visual processing areas compared to healthy controls (15). In order to maintain 

adequate blinding in the study across conditions, we chose a region dorsal to primary visual 

cortex in order to avoid inducing phosphenes. This region would roughly fall within visual 

area V3, which is bilaterally connected to human motion sensitive area V5 (20), becomes 
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activated during imagined motion (21) and has previously been shown to have greater 

cortical thickness in individuals with MdDS compared to healthy controls (19).

Our second target was cerebellar vermis lobule VII. This region is functionally connected to 

bilateral fronto-parietal networks (22,23,36). Given the huge swath of cortex represented by 

this network, a cortically based target would have been impractical. We hypothesized that a 

cerebellar target may represent a smaller node of entry into these networks. Targeting 

cerebellar vermis lobule VII was previously shown to access the fronto-parietal attention 

network (23,37).

The lateral cerebellar hemisphere around the region of the horizontal fissure was chosen 

because of its functional connectivity to the default mode network, but there were no 

treatment successes with this target. Only one participant chose it as the best site but the 

reduction in her symptoms stayed within her normal range of fluctuation. For the second 

half of participants, we chose a slightly more caudal target, cerebellar lobule VIII, which is 

functionally connected to the precuneus, another major hub of the default mode network 

(24). There were again no treatment successes with this target. One participant who had 

worsened with all three targets did respond to direct stimulation over the precuneus however, 

which may be considered a future stimulation target to access the default mode network 

more directly.

Theta burst vs conventional rTMS

The improved response to rTMS in this paradigm compared to DLPFC stimulation could be 

attributed to several factors. Primarily, the target choice was more likely to be optimal given 

the prior connectivity changes seen both at baseline and as a change with improved 

symptom status (9,10,15). Second, about twice the number of treatments was administered 

(10–12 sessions) under the current protocol than in the DLPFC protocol (5 sessions) 

suggesting a dose effect (13,14). Third, theta burst stimulation induces longer neuroplasticity 

changes compared to conventional rTMS (25,26). Finally, because of the shorter duration of 

stimulation time period (total 100 seconds with intervening rest) compared to the DLPFC 

protocol (total ~ 45 minutes), more sessions could be given in a shorter time period allowing 

for potentially cumulative effects.

Stimulation intensities

The minimum distance between the scalp and the surface of the cerebellum has been 

measured to be in the range of 2–3cm but it is unknown what stimulus intensity is required 

for adequate cerebellar modulation of non-motor areas (38). Because there are trade-offs 

between depth of penetration, focality, and tolerability, we titrated the intensity of the 

stimulation to the individual’s clinical response rather than staying with the same intensity. 

One issue, of course, is whether stimulation at one site could inadvertently stimulate one of 

the other sites given the relatively small head surface area over which we were working. 

Hardwick et.al have calculated that at the locations we used, which included the midline 

region below the inion by 2–3cm, the chances of inadvertent occipital stimulation was 10% 

or less (38). In the lateral cerebellar hemisphere target (about 3–4cm from the midline), the 

risk of stimulating the occipital cortex was about 3% (38).
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A possibility remains, however, that midline vermis stimulation did stimulate both lateral 

hemispheres and potentially affect the default mode network in a way that unilateral 

cerebellar hemisphere stimulation could not. This is particularly possible since we used a 

double-cone coil,which induces a deeper magnetic field that is wider at the surface (39). If 

this were the case, it would indicate that clinical effects were induced with stimulation of 

both lateral hemispheres but not with one hemisphere. The lateral cerebellar hemisphere 

target may not have been as effective as expected because the cerebellar representation of the 

default mode network is itself large and simultaneous intervention on both hemispheres may 

be required to adequately penetrate this network. This effect is not determinable with our 

current clinical outcomes but may be indirectly deducible with pre and post treatment 

imaging with fMRI and EEG.

Limitations

Because there was a risk of worsening symptoms simply by traveling to and from our site, 

we selected participants who had exhausted all medical options and had an optimal benefit 

to risk ratio of participating. Less than one-third of potential participants who were screened 

for the study eventually participated. Additionally, a limitation to working with a rare 

disorder is in obtaining adequate sample size when traditional clinical trial methods are used 

to create a separate control group. These considerations informed our decision to use an ‘n-

of-1’ design to allow all participants to have an opportunity to receive all possible 

treatments. Since it is well known that additional travel can exacerbate MdDS symptoms, we 

could not ethically have a true placebo arm for repeated sessions. Response to the lateral 

cerebellar stimulation was extremely rare so functionally this target did serve as an active 

control, though it was not intentionally considered one at the outset. An active control is 

particularly helpful in TMS studies because it can recapitulate the sound, discomfort, and 

other non-specific effects of true stimulation.

We do advise our participants to take travel precautions such as getting adequate rest and 

using a one-time dose of a benzodiazepine prior to flying (both to and from the site) in order 

to reduce the chance of a relapse. However, exacerbations after travel are an inherent 

challenge in studying a travel-related disorder. A notable elevation in symptoms relative to 

the immediate post treatment improvement was seen after travel home, an expected 

outcome. Group level statistically significant improvements were observed out to post week 

6 but in order to sustain the same magnitude of symptom reduction observed immediately 

after completion of treatment, sustained therapy would be required.

Despite these limitations, we note that this protocol was much more effective than rTMS 

over DLPFC when using the same metrics for symptom change (10,11,13). The current 

study protocol was developed through measuring IFC markers that correlated with symptom 

improvement after DLPFC stimulation. Similarly, the fMRI and EEG markers collected in 

the current study will be used to develop more precise treatment iterations going forward. In 

this way, neuroimaging with fMRI and EEG may inform more effective treatment protocols 

for MdDS and potentially other chronic balance disorders.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Neuronavigation targets
(A, D) Sagittal T1-structural image (A) and 3-D reconstruction (D) of visual association area 

target below the parieto-occipital sulcus. The path of stimulation was angled to pass between 

the midbrain-pontine junction, angled downward; (B, E) Sagittal T1-structural image (B) 

and 3-D reconstruction (E) cerebellar vermis target. The path of stimulation was angled to 

pass between the midbrain-pontine junction, angled upward (C, F) Axial T1-structural image 

(C) and 3-D reconstruction (F) of lateral cerebellar hemisphere. Twelve subjects received 

stimulation over the right horizontal fissure shown here; 12 received stimulation over lobule 

VIII just below (not shown).
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Figure 2: Change in VAS daily score pre to post TMS
Absolute changes on a 0-100 VAS scale (A) and percent changes (B) based on individual 

baselines in the total daily symptom score before and after treatment. Deflections to the left 

in blue represent a reduction of oscillating vertigo; deflections to the right in red represent a 

worsening of oscillating vertigo.
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Figure 3: mBESS sway baseline to post treatment
Baseline and post treatment changes in posture scores on the modified balance error scoring 

system (mBESS). Higher scores represent better balance. The best score is 100. Cbl Hem= 

Cerebellar Hemisphere.
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Figure 4: Longitudinal cTBS effects on DHI, MBRS, and HAD scores
Linear prediction model of repeated measures ANOVA with 95% confidence intervals 

presented for four baseline measurements, post TMS week, and six weeks post treatment for 

the DHI, MBRS, and the HADS Anxiety and Depression components. Pre= pre TMS scores, 

Pst= post TMS scores.
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Table 1:
Demographic data of study participants

Under the SSRI column, participants who were using a mixed SNRI/SSRI are indicated with an *. The 

distance column indicates the number of miles between the participant’s place of origin and the study site.

Subject no. Age at study Handedness Duration (mo) Trigger Benzodiazepine SNRI/SSRI Distance (mi)

1 57 R 72 Plane Yes* Yes* 428

2 58 R 18 Cruise No No 893

3 63 R 40 Cruise No Yes* 1449

4 34 R 52 Car Yes No 371

5 31 R 29 Car No No 829

6 33 R 10 Plane No Yes 2134

7 51 R 28 Plane Yes* No 270

8 39 R 21 Boat No Yes* 750

9 55 R 7 Boat No No 1276

10 65 R 9 Plane Yes* Yes 1217

11 31 R 18 Cruise No No 918

12 65 R 25 Plane Yes Yes 752

13 44 R 32 Cruise Yes* Yes* 266

14 55 R 104 Cruise No No 956

15 30 R 60 Boat Yes* No 1454

16 70 R 8 Cruise Yes* Yes* 288

17 55 R 15 Cruise Yes No 1503

18 67 R 15 Cruise No Yes* 1064

19 48 R 15 Cruise No No 712

20 45 R 12 Plane No Yes 670

21 48 R 12 Cruise Yes* Yes* 315

22 62 R 16 Cruise No No 1505

23 52 R 11 Cruise Yes* No 1108

24 61 R 22 Cruise No Yes* 1430

25 66 L 132 Cruise No No 893

26 50 L 8 Car Yes No 258
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