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Background: Persistent postural-perceptual dizziness (PPPD) is a functional vestibular

disorder that causes chronic dizziness interfering with daily activities. Transcranial

direct current stimulation (tDCS) has reportedly improved dizziness in patients with

phobic postural vertigo in an open-label trial. However, no randomized, double-blind,

sham-controlled study has been conducted on its therapeutic efficacy in PPPD.

Objective: This study was conducted to investigate the efficacy and safety of tDCS as

an add-on treatment to pharmacotherapy in patients with PPPD. In addition, functional

neuroimaging was used to identify the neural mechanisms underlying the effects of tDCS.

Materials and Methods: In a randomized, double-blind, sham-controlled trial, 24

patients diagnosed with PPPD were randomized to receive active (2mA, 20min) or sham

tDCS to the left dorsolateral prefrontal cortex (DLPFC), administered in 15 sessions over

3 weeks. The clinical measures that assess the severity of dizziness, depression, and

anxiety were collected at baseline, immediate follow-up, 1-month follow-up, and 3-month

follow-up. Adverse events were also observed. The effect of tDCS on regional cerebral

blood flow (rCBF) was evaluated with single photon emission tomography before and

after tDCS sessions.

Results: For the primary outcome measure of the Dizziness Handicap Inventory (DHI)

score, a significant main effect of time was found, but neither the treatment-by-time

interaction effect nor the main effect of treatment was significant. For the Hamilton

Depression Rating Scale (HDRS) score, there was a statistical significance for the

treatment-by-time interaction effect and the main effect of time, but not for the main effect

of treatment. However, the treatment-by-time interaction effect and themain effect of time

on HDRS score appear to be due to one data point, an increase in depressive symptoms

reported by the sham group at the 3-month follow-up. For the Activities-specific Balance
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FIGURE 1 | Flow diagram for study participants.

RESULTS

Participants
Among 24 participants whowere randomized into active (n= 12)

or sham (n = 12) groups, 23 participants were included in the
final analysis after excluding one participant in the sham group

due to low adherence to tDCS treatment (Figure 1). The baseline

demographic and clinical characteristics of the participants did

not differ between active and sham groups (Table 1).
Neurologic examinations at the baseline and follow-ups

revealed no abnormal findings except for subtle positional
nystagmus in 1 patient and transient head-shaking nystagmus in

4 patients. Precipitating events of PPPD were reported as benign

paroxysmal postural vertigo (n = 8), vestibular neuritis (n = 5),
other systemic diseases such as flu (n = 1) or cardiovascular
symptoms (n = 3), emotional stress (n = 3), mild head trauma
without loss of consciousness (n= 1), and none (n= 2).

Prior to study entry, all participants started taking either SSRI
[20 participants with escitalopram (8.82 ± 4.52mg per day)
and 1 with sertraline (25mg per day)] or herbal medicine (2
participants with hypericum extracts known for antidepressant
effects). Then, four out of 20 participants taking escitalopram
discontinued the medication due to the side effects (n = 3 for
gastrointestinal effects and n = 1 for loss of libido), and all
other participants took their respective medication during tDCS
treatment and the dosage did not change during the trial.
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Regarding the validity of the blinding procedure, most
participants from both groups (21/23) either guessed that the
treatment they received was active treatment or was unsure.

TABLE 1 | Baseline demographic and clinical characteristics of the study

participants.

Characteristic Active group

(n = 12)

Sham group

(n = 11)

p-value

Age (years) 47.8 (13.0) 51.7 (13.1) 0.48

Sex (male:female) 4:8 4:7 1.00

Education (years) 11.6 (3.9) 11.9 (3.1) 0.90

Disease duration (months) 17.6 (396.3) 14.8 (348.0) 0.65

Medication 10 (8 with

Escitalopram, 2 with

Hypericum extracts),

2 with no medication

9 (8 with

Escitalopram, 1

with Sertraline), 2

with no medication

0.99

DHI score 34.3 (15.9) 35.3 (14.2) 0.88

ABC score 77.3 (21.0) 77.6 (17.5) 0.90

HDRS score 5.4 (3.2) 5.8 (5.6) 0.81

HARS score 6.6 (3.2) 7.6 (6.4) 0.63

Data are presented as mean (standard deviation) or numbers.

ABC, activities-specific balance confidence; DHI, dizziness handicap inventory; HARS,

hamilton anxiety rating scale; HDRS, hamilton depression rating scale.

In the active group, 6 participants (50%) answered that they
received active treatment (correctly guessing their treatment
group) and 6 participants (50%) answered, “don’t know.” In
the sham group, 7 participants (63.63%) answered that they
received active treatment (incorrectly guessing their treatment
group), 2 participants (18.18%) answered that they received
sham treatment (correctly guessing their treatment group), and 2
participants (18.18%) answered, “don’t know.” Two participants
(n = 1 in active and n = 1 in sham groups) were left-handed,
and the rest were right-handed. The number of participants
who experienced the side effects during tDCS treatment for each
group is reported in Table 4.

Clinical Outcomes
Results for the clinical outcomes are illustrated in Table 2 and
Figure 2. For the primary outcome measure of DHI score, a
significant main effect of time was found (p < 0.001), but neither
the main effect of treatment (p = 0.79) nor the treatment-by-
time interaction effect (p= 0.58) was significant. Post hoc analysis
revealed no significant group difference in the DHI score at each
time point. For the ABC score, there was no significant main
effect of time (p = 0.44), treatment (p = 0.45), and treatment-
by-time interaction effect (p= 0.35).

For the HDRS score, the treatment-by-time interaction effect
(p= 0.005) and themain effect of time (p= 0.02) were significant,

TABLE 2 | Summary of clinical variables across time and group.

Measures Anode Sham Treatment

(active vs. sham)

Time Treatment x Time

F p-value F p-value F p-value

DHI

Baseline 34.33 (15.9) 35.27 (14.2) 0.07 0.79 14.79 <0.001 0.66 0.58

Immediate F/U 29.17 (20.6) 25.64 (12.8)

1-month F/U 23.1 (14.7) 21.8 (16.1)

3-month F/U 25.1 (13.6) 19.1 (14.3)

ABC

Baseline 77.34 (21.0) 77.61 (17.5) 0.59 0.45 0.91 0.44 1.10 0.35

Immediate F/U 72.03 (26.6) 81.82 (15.9)

1-month F/U 75.57 (21.9) 82.84 (16.4)

3-month F/U 75.34 (24.7) 85.00 (15.1)

HDRS

Baseline 5.42 (3.20) 5.82 (5.56) 0.29 0.60 3.75 0.02 4.65 0.005

Immediate F/U 5.17 (4.30) 4.36 (2.87)

1-month F/U 6.0 (3.58) 5.0 (4.84)

3-month F/U 5.36 (3.59) 9.73 (6.80)

HARS

Baseline 6.58 (3.18) 7.64 (6.44) 0.54 0.47 0.48 0.70 0.66 0.58

Immediate F/U 5.92 (5.11) 6.82 (5.34)

1-month F/U 6.55 (3.75) 7.09 (6.12)

3-month F/U 6.09 (4.23) 8.91 (7.65)

Data are presented as mean (standard deviation). Statistical test results are from linear mixed-effects models with each clinical variable as dependent variables and time and treatment

(active vs. sham) as the predictors.

Treatment, main effect of treatment; Time, main effect of time; Treatment X Time, interaction effect of treatment and time.

ABC, activities-specific balance confidence; DHI, dizziness handicap inventory; F/U, follow-up; HARS, hamilton anxiety rating scale; HDRS, hamilton depression rating scale.
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FIGURE 2 | Changes in clinical scores over time. (A) Changes in the Dizziness Handicap Inventory (DHI) total score. (B) Changes in the Hamilton Depression Rating

Scale (HDRS) score. (C) Changes in the Hamilton Anxiety Rating Scale (HARS) score. tDCS sessions were between baseline and immediate follow-up. Values are

mean scores and error bars indicate 95% confidence intervals. Significant differences at the p < 0.05 level between groups at a time point are denoted with a “*”.

FU, follow-up.

but the main effect of treatment (p = 0.60) was not significant.
Post hoc analysis showed that the HDRS score was lower in
the active group compared to the sham group at the 3-month
follow-up (5.36 vs. 9.73, p = 0.02). Notably, the treatment-by-
time interaction effect and the main effect of time on HDRS score
appear to be due to an increase in depressive symptoms reported
by the sham group at the 3-month follow-up. Considering that
the minimal clinically important difference (MCID) is 4–6 points
for the HDRS-17, there was no clinically meaningful difference
in the HDRS score within or between groups at any other time
point (20). For the HARS score, there were no significant main
effect of time (p= 0.70), main effect of treatment (p= 0.47), and
treatment-by-time interaction effect (p= 0.58).

Brain SPECT Imaging
Before testing models of interest, a two-sample t-test model
was conducted to compare the baseline SPECT images between

the active and sham groups and found that there was no
significant difference in rCBF between groups at the baseline.
In comparison with the changes in rCBF between the groups,
a flexible factorial model identified a significant treatment-by-
time interaction effect in the right superior temporal gyrus and
left hippocampus or parahippocampus, controlling for age and
sex (Table 3 and Figure 3). Post hoc analysis of a paired t-test
showed that the rCBF from the left superior frontal gyrus and
left hippocampus was significantly decreased in the active group
between the baseline and immediate follow-up, but no changes
were observed in the sham group (Table 3).

Safety Outcomes
All participants filled out a survey on side effects after each
session. The number of participants who reported side effects is
summarized by groups in Table 4. The most reported side effects
were transient dizziness and itchiness in both active and sham
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groups. No significant group differences were observed for all
side effects.

DISCUSSION

To the best of our knowledge, this was the first randomized,
double-blind, sham-controlled trial that investigated the effects
of tDCS in patients with PPPD. Our study found no
significant beneficial effects of tDCS on dizziness symptoms
and balance confidence, measured by DHI and ABC scale,
respectively. Regarding psychiatric symptoms, there was no
clinically meaningful effect of anodal tDCS on depressive and
anxiety symptoms measured by HDRS and HARS, respectively.

The demographic characteristics of the participants were
typical of PPPD. Mean age was middle-aged and female

TABLE 3 | Information on the significant clusters for both the interaction contrast

and the within-group contrast.

Region t p Coordinates

(x, y, z)

Cluster size

(voxels)

Interaction

Anode < sham

Right superior temporal gyrus 4.78 <0.001 66, −2, 2 75

Left hippocampus 4.3 <0.001 −20, −32, −10 127

Within-Anode

Baseline > immediate follow-up

Left hippocampus 6.55 <0.001 −20, −32, 4 61

Left superior frontal gyrus 6.14 <0.001 −24, 54, 10 95

Within-Sham

No significant findings

All analyses used models with age and sex as covariates. The coordinates refer to the

Montreal Neurological Institute coordinate system.

predominance was noted. Most patients reported that
precipitating events were peripheral vestibular disorder but
two patients could not identify any specific trigger. The failure
to identify precipitants could be attributed in part to the
patients regarding the triggers as trivial or having difficulty
linking the seemingly unrelated triggers to the development of
their symptoms.

The absence of tDCS effects on dizziness symptoms in
PPPD patients contradicts the previous open-label study, which
reported a significant reduction of DHI scores on the last day
of the 5-day tDCS treatment in patients with PPV; however,
these effects were transient and were not observed during the
1, 2, and 4-week follow-ups (18). In addition, although not
statistically significant, this previous study showed a tendency for
decreased depression and anxiety symptoms after the treatment
compared to the baseline. Due to the absence of a control group

TABLE 4 | Reported side effects between treatment groups.

Side effects Active group

(n = 11)*

Sham group

(n = 11)

p-value

Dizziness (n) 6 6 1.00

Itchiness (n) 6 4 0.81

Headache (n) 5 3 0.66

Tingling sensation (n) 5 3 0.66

Pain at the stimulation site (n) 3 3 1.00

Sleepiness (n) 3 2 1.00

Neck pain (n) 3 1 0.58

Redness of skin (n) 3 1 0.58

Reduced concentration (n) 3 1 0.58

Fatigue (n) 3 2 1.00

Nausea (n) 1 2 1.00

Burning sensation (n) 1 2 1.00

*Side effects records for 1 participant from the active group were missing.

FIGURE 3 | SPECT analysis results. Significant areas with treatment (active vs. sham) x time (baseline vs. immediate follow-up) interaction effects of rCBF are overlaid

on the Montreal Neurological Institute (MNI) 152 template. Color bar represents the voxel-level t-values.
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and the small sample size, the results from this previous study
should be interpreted with caution. For the DHI, our study
revealed that there was a significant main effect of time. The
gradually decreased dizziness symptomswith time in both groups
could be due to the effects of SSRIs, as the treatment efficacy
of serotonergic medication in PPPD has been proven in the
previous studies (4, 14, 21).

Unexpectedly in our study, the severity of depressive
symptoms increased at the 3-month follow-up in the patients
of the sham group, whereas the severity of depressive symptoms
remained stable in the patients of the active group. These results
were not due to the outliers as the baseline HDRS scores were
increased at the 3-month follow-up in 6 patients in the sham
group, which is almost half of the patients in the group. The
reasons for this isolated increase in the HDRS score in the
sham group at the 3-month follow-up are unclear but may be
due to the clinical outcome not meeting patients’ expectations,
frustration or anger with sustained dizziness symptoms, or
initially underestimated baseline symptom (17, 22).

In our study, the brain SPECT analysis revealed a significant
treatment-by-time effect on rCBF in the left hippocampus and
right superior temporal areas. The post hoc analysis showed that
the rCBF was decreased at the immediate follow-up compared
to the baseline only in the active group. Considering that these
regions are regarded as the components of multimodal vestibular
cortical areas (22), this tDCS protocol might have unintentionally
exacerbated the maladapted brain function to the extent that
clinical symptoms did not worsen.

Several assumptions could be made concerning the absence
of tDCS effects in patients with PPPD. First, it is possible that
the target area for stimulation might be inappropriate. The left
DLPFC was chosen as the target area based on the previous
tDCS studies in PPV (18) and also in various neurological
and psychiatric disorders including major depression disorder,
addiction or craving, tinnitus, and neurodegenerative disorders
(23). We expected that anodal tDCS would have positive
effects on chronic dizziness by ameliorating various cognitive
functions related to the high-risk postural control strategies,
stimulating the functionally decreased prefrontal regions (24),
and improving possibly coexisting psychiatric symptoms such as
depressive or anxious mood in patients with PPPD. Contrary
to the expectations, anodal tDCS did not improve dizziness
symptoms compared to sham tDCS. In functional neuroimaging
studies in PPPD, it was reported that the local activity and
connectivity in the multimodal vestibular area are usually
decreased and the connectivity between the prefrontal and
primary visual areas is usually increased, which is related to
the over-reliance on the visual stimuli (19, 24). In neurological
disorders with chronic pain, the M1 (the primary motor cortex)
area is adopted as the target area other than the dorsolateral
prefrontal region (25). Patients with fibromyalgia and diabetic
polyneuropathy who received tDCS stimulation on the M1 area
showed efficacy on various pain measures but studies targeting
the DLPFC were failed to show such effects (25, 26). Like these
cases, changing the stimulation target might have therapeutic
effects and should be tested in future studies. For example,
tDCS stimulation on the multimodal vestibular cortical areas

could enhance the local activity and connectivities to other
relevant regions and may directly induce the improvement of
dizziness symptoms.

The lack of tDCS efficacy may also be due to the suboptimal
parameters of the tDCS protocol for PPPD. Whereas the tDCS
protocol used in this study consists of 15 tDCS sessions, the
pilot study of tDCS on PPV was conducted with only 5 sessions
(18). In the previous studies of major depressive disorder and
fibromyalgia, about 10 sessions were commonly conducted (25,
27). On the other hand, a much greater number of sessions
with longer periods have been used in several previous studies
(28, 29). In addition, other treatment modalities of PPPD such
as vestibular rehabilitation or medications are needed up to 12
weeks to achieve sustained benefit. Thus, the number of sessions
in this study might be inappropriate. Finally, the interaction with
medication also could be another reason for the lack of tDCS
effects (30, 31).

This study has strengths in that, in spite of a relatively small
sample size, it utilized a larger sample size than the only existing
study regarding the effects of tDCS on PPV (18) and is the first
double-blind study with a sham-controlled condition. Moreover,
this study demonstrated the feasibility of home-based treatment,
of which its importance is being acknowledged especially in this
pandemic era. Considering the reported adverse events in our
study and the dropout rate of the enrolled patients, the home-
based tDCS appears to be safe and easy to apply. This study has
several limitations. We did not perform any prior power analysis.
Therefore, due to the underpowered design, it cannot be ruled
out that we may not detect the true effect of tDCS. Moreover, in
spite of possible drug-induced effects over the tDCS effects, our
study was not a monotherapy trial as it was difficult to conduct
a study that would restrict patients from receiving SSRI/SNRIs,
medications in which early studies have shown some benefits for
treating PPPD, for more than 3 months in a clinical setting.

In conclusion, active tDCS targeting the left DLPFC was
not found to be significantly more efficacious than sham tDCS
on dizziness symptoms in patients with PPPD. Considering
the high incidence of PPPD and the overall response rate of
serotonergic medication, developing an alternative treatment
option is needed. Our findings encourage further investigation
on the effects of tDCS in PPPD, which considers different
stimulation protocols in terms of stimulation site or the number
of sessions.
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