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Abstract

Background: Transcranial pulse stimulation (TPS) is a novel noninvasive ultrasonic
brain stimulation that can increase cortical and corticospinal excitability, induce neu-
roplasticity, and increase functional connectivity within the brain. Several trials have
confirmed its potential in treating Alzheimer's disease (AD).

Objective: To investigate the effect and safety of TPS on AD.

Design: A systematic review.

Methods: PubMed, Embase via Ovid, Web of Science, Cochrane Library, CNKI (China
National Knowledge Infrastructure), VIP (China Science and Technology Journal
Database), and WanFang were searched from inception to April 1, 2023. Study se-
lection, data extraction, and quality evaluation of the studies were conducted by
two reviewers independently, with any controversy resolved by consensus. The
Methodological Index for Nonrandomized Studies was used to assess the risk of bias.
Results: Five studies were included in this review, with a total of 99 patients with
AD. For cognitive performance, TPS significantly improved the scores of the CERAD
(Consortium to Establish a Registry for Alzheimer's Disease) test battery, Alzheimer's
Disease Assessment Scale (cognitive), Montreal Cognitive Assessment, and Mini-
Mental Status Examination. For depressive symptoms, TPS significantly reduced the
scores of the Alzheimer's Disease Assessment Scale (affective), Geriatric Depression
Score, and Beck Depression Inventory. By functional magnetic resonance imaging,
studies have shown that TPS improved cognitive performance in AD patients by in-
creasing functional connectivity in the hippocampus, parahippocampal cortex, precu-
neus, and parietal cortex, and activating cortical activity in the bilateral hippocampus.
TPS alleviated depressive symptoms in AD patients by decreasing functional connec-
tivity between the ventromedial network (left frontal orbital cortex) and the salience
network (right anterior insula). Adverse events in this review, including headache,
worsening mood, jaw pain, nausea, and drowsiness, were reversible and lasted no
longer than 1 day. No serious adverse events or complications were observed.
Conclusions: TPS is promising in improving cognitive performance and reducing de-
pressive symptoms in patients with AD. TPS may be a safe adjunct therapy in the

treatment of AD. However, these findings lacked a sham control and were limited by
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1 | INTRODUCTION

Approximately 50million people living with dementia worldwide in
2018, and this number is expected to triple (approximately 139 mil-
lion) by 2050.* Alzheimer's disease (AD) is a chronic neurodegenera-
tive disease that develops slowly and worsens over time.? According
to the World Health Organization, AD is the leading cause of demen-
tia, accounting for about 60%-70% of all cases.® It is characterized
by progressive memory loss and cognitive dysfunction and has be-
come one of the most expensive and burdening diseases.* The typical
pathological manifestations of AD are senile plaques formed by extra-
cellular aggregation of amyloid beta (Ap) plaques in the cerebral cor-
tex and limbic regions, and intracellular neurofibrillary tangles caused
by hyperphosphorylation of tau protein.” Due to the complex patho-
genesis, there is still a lack of effective therapeutic methods to cure or
reverse the pathological process of AD.® Cholinesterase inhibitors, N-
methyl-D-aspartate receptor partial antagonists, are commonly used
in the clinical treatment of AD.” However, these pharmacotherapies
are accompanied by adverse effects and have limited effectiveness.®
Many studies of AD-related drugs fail to achieve the intended goal of
delaying AD progression in large population clinical trials.” Therefore,
there is an urgent need for new alternative nonpharmaceutical ap-
proaches, in tandem with medications and smart lifestyle adjust-
ments, to slow, prevent, or cure AD.

In recent years, growing evidence has suggested that noninva-
sive brain stimulation (NIBS) techniques may have positive effects on
cognitive performance in AD.2°"® Common NIBS techniques include
transcranial magnetic stimulation (TMS) and transcranial direct current
stimulation (tDCS), which are based on electromagnetic effects on the
brain. Thus, the spatial resolution is limited due to conductivity effects,
which affect not only the actual stimulation site but also other brain
regions.’* Moreover, TMS and tDCS cannot effectively target neural
tissue below the cortical surface because of poor spatial resolution,
suffering from deep focality tradeoffs, and experiencing significant
attenuation at depth.’® In contrast, ultrasonic stimulation can be pre-
cisely targeted with a neuronavigation device in such cases, because
ultrasound does not rely on electrical conductivity in the brain.*
Transcranial pulse stimulation (TPS) is a novel noninvasive technique
for navigated neuromodulation based on single ultrashort high-
intensity ultrasound pulses (~3us) repeated every 200-300ms.'"8
Due to the high-spatial resolution of deep focal lengths, TPS can non-
invasively modulate neural targets deep in the human cortex.? TPS
uses lower focused ultrasound frequencies that can stimulate a depth
of up to 8cm, reaching deep brain structures such as the thalamus lying

the small sample size of the included studies. Further research may be needed to bet-
ter explore the potential of TPS.

Patient and Public Involvement: Patients and the public were not involved in this

Alzheimer's disease, effect, systematic review, transcranial pulse stimulation

at a distance between 5 and 6.5cm from the scalp.20 Modeling studies
have found that TPS can alter the electrical activity of cortical and sub-
cortical structures.?* Compared with transcranial focused ultrasound
stimulation, TPS has the advantage of avoiding tissue heating and
standing wave phenomena due to the use of very short pulses without
periodic waves or long ultrasonic sequences.22'24 TPS has obtained
clinical certification for AD treatment (Conformité Européene mark).?®

In 2019, the first pilot study? using TPS to treat AD found im-
provements in cognitive ability and depressive symptoms in patients,
which lasted up to 3months, and confirmed changes in memory
network connectivity after TPS treatment by functional magnetic
resonance imaging (fMRI). Subsequently, to verify and explore the
efficacy, safety, and mechanism of TPS in the treatment of AD, sev-
eral clinical trials have been completed and reported.?*~?’ However,
the research emphases of these studies were not entirely consistent,
and the quality of the studies was different. To provide an unbiased
summary and evaluate the quality of these studies, we conducted
a systematic review, which can provide suggestions for further re-

search on the treatment of AD by the new TPS technique.

2 | METHODS

This study followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement.®® The PROSPERO
trial registration number for this study is CRD42023404284.

2.1 | Search strategy

Two reviewers conducted a comprehensive literature search to
identify all articles involving TPS in the treatment of AD. The search
strategy is shown in Appendix S1. PubMed, Embase via Ovid, Web
of Science, Cochrane Library, CNKI (China National Knowledge
Infrastructure), VIP (China Science and Technology Journal
Database), and WanFang were searched from inception to April 1,
2023. The search included MeSH and free text terms such as “tran-

»

scranial pulse stimulation,” “Alzheimer's disease,” and synonyms.

2.2 | Inclusion and exclusion criteria

Due to the lack of data on this intervention and the suspected lack
of randomized controlled trials (RCTs), we considered including all
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clinical trials in the systematic review. The inclusion criteria were as
follows: (1) clinical trials, (2) articles in the English or Chinese lan-
guage, (3) articles of AD patients diagnosed by an expert in cognitive
neurology according to the International Classification of Diseases
10th revision (FOO0) and National Institute on Aging criteria, and aged
above 18years, and (4) articles exploring the application of TPS. The
criteria for exclusion were as follows: irrelevant studies, reviews,
duplicate publications, animal experiments, commentaries, editorial

materials, patents, or meeting abstracts.

2.3 | Study selection and data extraction

The eligibility of each article was independently assessed by two
reviewers (XXC and JHY), with any divergence finalized through
discussion. Duplicate articles were excluded. By reading the ti-
tles and abstracts, irrelevant articles were eliminated, and then
the full texts of potentially eligible articles were screened. Two
reviewers (HM and MZ) performed data extraction indepen-
dently, with disagreements resolved by consensus. Finally, the
data were recorded in a predesigned form. The extracted data
included the study's basic information (title, first author, publica-
tion year, country, study design); the participants in the study
(number, age, gender); intervention details (protocol, parameters,
duration, frequency, sessions, follow-up); outcome measures;

and the data of results.

2.4 | Outcome definitions

The primary outcome measure was the German version of the
CERAD Plus (Consortium to Establish a Registry for Alzheimer's
Disease) test battery,31 and the secondary outcome measures in-
cluded the Alzheimer's Disease Assessment Scale (ADAS), Montreal
Cognitive Assessment (MoCA), Mini-Mental Status Examination
(MMSE), fMRI, Geriatric Depression Score (GDS), Beck Depression

Inventory (BDI), and adverse events.

2.4.1 | Neuropsychological evaluation

The CERAD was applied for neuropsychological testing, including
naming (Boston Naming Test), word fluency (phonemic and cate-
gorical), encoding, recognition, constructional praxis, and construc-
tional recall (Figures Copy and Recall), and recall of verbal material
(Word List). The CERAD corrected total score (CTS) is an overall
outcome parameter of patients' cognitive status. The CERAD logis-
tic regression score (LR) is an important test for AD-type demen-
tia. The CERAD principal component analysis (PCA) can separately
monitor cognitive components of verbal processing, memory, and
visual-spatial processing. In addition, the ADAS total score, ADAS
cognitive score, MoCA, and MMSE were used as neuropsychological

assessments for the cognitive function of the patients. ADAS-
cognitive is a measure of cognitive performance and has been used
widely in AD trials.%?

242 | fMRI

The fMRI results included resting state data (functional connectiv-

ity) and task state data (memory test).

2.4.3 | Emotional symptom assessment

Assessment methods included ADAS affective score, GDS, and
BDI. ADAS-affective includes interviews about mood and behav-
ior changes in patients. GDS evaluates symptoms of depression
in elderly patients based on the 30-question long-form. BDI is a
21-question multiple-choice self-report scale that measures the se-

verity of depression.

2.44 | Adverse events

Assessment methods included the Numeric Rating Scale (NRS),
Visual Analogue Scale evaluation (VAS 0-10), and side effects that
were recorded in the articles. NRS is used to assess the extent of

side effects. The VAS is used to assess pain and pressure.

2.5 | Risk of bias assessment

The Methodological Index for Nonrandomized Studies (MINORS)®3
was used to assess the quality of the nonrandomized controlled tri-
als. The risk of bias in each study was assessed independently by
two reviewers (XXC and JHY), with any controversy resolved by
consensus. The MINORS checklists include eight items (0-16 scores)
for noncomparative studies and 12 items (0-24 scores) for com-
parative studies. Scores for each item ranged from O to 2 (0, not
reported; 1, reported but inadequate; 2, reported and adequate).
Noncomparative studies scoring>12 or comparative studies scor-
ing> 19 were considered high quality.

3 | RESULTS
3.1 | Study characteristics

From 199 eligible articles, five studies (nonrandomized controlled
trials) were included in this review. The process is detailed in the
flow diagram in Figure 1. A total of 99 patients with AD were in-
cluded in this review. The characteristics of the included studies are

shown in Table 1.
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[ Identification of studies via databases ] FIGURE 1 PRISMA flowchart.
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3.2 | Risk of bias assessment

Table 2 shows the risk of bias of the six noncomparative studies. The
average MINORS score for the included studies was 9.4. The high-
est MINORS score of the studies was 12, and no study was consid-
ered high quality. Lack of biased assessment of the study endpoint,
follow-up, and study size calculation were the most common reasons
for low MINORS scores.

3.3 | Effect of TPS
3.3.1 | Cognitive improvementin AD

Three studies?>?272? reported CERAD test scores, such as CTS,
LR, and PCA (memory, verbal, figural), with one study25 conduct-
ing a three-month follow-up indicating the lasting efficacy of TPS
in cognitive improvement. Beisteiner et al.?® and Popescue et al.?’
proposed that patients with AD showed a significant pre-to-post
behavioral improvement in CTS score after TPS intervention. A

|.25

study by Beisteiner et a showed that TPS could ameliorate the

LR score and remain stable for more than 3months. Except for

figural capacity, the memory and verbal capacity of AD patients
improved significantly after TPS treatment and remained stable
for 3months.?> A study by Dorl et al.?” also demonstrated a trend
in declining visuo-constructive capabilities (CERAD figural score)
and correspondingly global efficiency when the important visuo-
constructive network nodes were omitted during TPS. This de-
cline was compatible with the natural progression of the disease.
Only the study by Cont et al.?® reported the ADAS total score,
ADAS cognitive score, MMSE, and MoCA. Compared to baseline,
TPS significantly increased the ADAS total score and ADAS cogni-
tive score in patients with AD. There was a total improvement in
the ADAS total score of 15.76% and in the ADAS cognitive score of
8.65%. However, no significant differences were found in either the
MMSE or MoCA. This inconsistency may be due to the small sample
size of this study (n=11) and the different sensitivities of different
neuropsychological tests. The ADAS is generally more sensitive
than the MMSE and MoCA scales.?*2¢ Cont et al.?® performed a
subgroup analysis of patients with AD of varying severity and found
that TPS improved more in the group with moderate and severe
cognitive impairment than in the group with mild cognitive impair-
ment across all cognitive assessments. This suggests the need to

consider a ceiling effect of TPS on mildly affected patients with AD.
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Beisteiner Cont Dorl
Assessment 2019 2022 2022
1. A clearly stated aim 2 2 2
2. Inclusion of consecutive 2 2 2
patients
3. Prospective collection 2 0 2
of data
4. Endpoints appropriate to 2 2 2
the aim of the study
5. Unbiased assessment of 0 0 0
the study endpoint
6. Follow-up period 2 1 0
appropriate to the aim
of the study
7. Loss to follow up less 2 0 0
than 5%
8. Prospective calculation 0 0 0
of the study size
Total score 12 7 8
3.3.2 | fMRIresults

Four studies?>?7-%7

reported changes in functional connectivity of
brain or cortical activation in AD patients pre-to-post TPS treat-
ment by fMRI investigations. Furthermore, correlations between
functional connectivity and neuropsychological test scores were
analyzed. Beisteiner et al.?® proposed increased functional con-
nectivity in the hippocampus, parahippocampal cortex, precuneus,
and parietal cortex in AD patients after TPS treatment, as well as
increased specific activation in the bilateral hippocampus. The in-
crease in functional connectivity values significantly correlated with
CERAD scores, suggesting that specific upregulation of memory
networks was associated with cognitive ability.25 Matt et al.?® found
that stimulated areas of TPS associated with depression seemed to
alleviate depressive symptoms in AD patients by reducing functional
connectivity between the ventromedial network (left frontal orbital
cortex) and the salience network (right anterior insula). By fMRI, a
positive correlation between CERAD figural scores and changes in
the global efficiency of the visual construction network was found.?’
Furthermore, Popescue et al.?? indicated a significant correlation
between neuropsychological CTS score improvement (pre-to-post
TPS) and cortical thickness increase in AD's critical default mode
network (fMRI data), namely of the left superior parietal lobule and
left precuneus. The default mode network, which is important for
cognitive and memory performance, is degraded early in the course
of AD. Therefore, TPS can regulate the cortical thickness of the
stimulated brain region, thereby reducing cortical atrophy in AD.”

3.3.3 | Improvement of depressive symptoms

25,26,28

Three studies reported that TPS reduced depressive symp-

toms in patients with AD. Beisteiner et al.?® indicated that the

TABLE 2 Quality assessment of the

;lloazt; Zggiscu included nonrandomized controlled
trials using the Methodological Index for
2 2 Nonrandomized Studies (MINORS).
2 2
2 2
2 2
0 0
0 0
0 0
2 2
10 10

effects of TIME on the GDS and BDI scores were significant after
TPS treatment, with a sustained reduction in depressive symptoms
in AD patients for at least 3months. Matt et al.?® demonstrated that
TPS stimulation of multiple brain regions, including the extended
dorsolateral prefrontal cortex, led to a significant improvement in
the BDI. Moreover, Cont et al.2° reported a significant improvement
in depressive symptoms (ADAS affective score) in AD patients after
TPS treatment compared to baseline. Therefore, TPS may be a new
adjunct therapy for depression in AD patients.

3.3.4 | Adverse events

Only two studies?>?® reported the side effects of TPS for AD.
Beisteiner et al.?> found rare adverse events of painless pressure
sensations (17%), pain (8%), headache (4%), and mood deterioration

1.2 proposed that three out

(3%) in their patient population. Cont et a
of 11 patients (27%) experienced side effects in three out of 75 total
sessions (4%). These included pain in the jaw (NRS 4/10), feelings of
nausea (NRS 7/10), and drowsiness (NRS 10/10). However, the side
effects were reversible and lasted no longer than 1day. TPS may be
safe in the treatment of AD, and large-sample trials are needed for

verification.

4 | DISCUSSION

To our knowledge, this systematic review is the first to comprehen-
sively evaluate the treatment and safety of TPS in AD. Studies in
this review have shown that TPS significantly improved the scores
of the CERAD test battery, ADAS-cognitive, MoCA, and MMSE
and significantly reduced the scores of the ADAS-affective, GDS,
and BDI in patients with AD. However, the CERAD figural score
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(visual construction ability) tended to decline when the important
visual construction network nodes were not stimulated during TPS.
Studies have also attempted to use fMRI to explore changes in brain
functional connectivity or cortical activation in AD patients before
and after TPS treatment and their correlations with neuropsycho-
logical test scores (CERAD and BDI). The results showed that TPS
improved cognitive performance in AD patients by increasing func-
tional connectivity in the hippocampus, parahippocampal cortex,
precuneus, and parietal cortex, and activating cortical activity in
the bilateral hippocampus. These cortices are closely associated
with memory. In additon, TPS alleviated depressive symptoms in
AD patients by decreasing functional connectivity between the
ventromedial network (left frontal orbital cortex) and the salience
network (right anterior insula). The two networks have been pro-
posed as negatively correlated networks for depression.37 In addi-
tion, TPS can reduce cortical atrophy in AD by increasing cortical
thickness in stimulated brain areas. Only one study?® conducted a
follow-up measurement and found that TPS continuously improved
cognitive capacities and decreased depressive symptoms in AD for
at least 3months.

None of the included studies had a blank or sham control group,
so interference by other factors could not be excluded, which may
affect the authenticity of the results. The optimal current, frequency,
number of pulses, location of stimulation, and sessions for treating
AD are unknown, so most studies refer to the research protocols of
the first pilot study?® for TPS treatment. Most of the included stud-
ies used the same TPS procedure, which was 3pus, 0.2 mJ/mm? en-
ergy flux density, pulse repetition frequency 5Hz, and 6000 pulses
per session. The most common duration of TPS treatment was 2 to
4weeks, three sessions per week. The frequency of the stimulation
is one of the important parameters that significantly affect the TPS
effect.®® Previous studies have found that random frequency pa-
rameters (1-5Hz) increase functional connectivity in the brain com-
pared to nonrandom and spurious stimuli.??*° Morales-Quezada

1. also demonstrated that a random frequency of TPS between

eta
6 and 10Hz also led to an increase in brain functional connectivity,
as shown by the facilitation of electroencephalogram spectral power
and connectivity measurements. Studies in this review commonly
used the bilateral frontal cortex, the bilateral lateral parietal cortex,
and the extended precuneus cortex as stimulation sites of TPS. The
frontal lobe is the most advanced part of brain development and
controls movement, emotion, and mental activity. The parietal lobe
also plays a role in memory retrieval.*? Other cognitive functions re-
lated to parietal lobe function can be impaired early in AD, such as
attention, naming, or executive dysfunction.43 The precuneus is lo-
cated in the posteromedial part of the parietal lobe. This area plays a
central role in a wide range of integrated tasks, including visuospatial
images, episodic memory retrieval, and self-processing operations.**
Precuneus damage is related to the progression of AD.*® The differ-
ent frequencies and stimulation sites of TPS in treating AD have not
been explored. Therefore, future studies need to set blank or sham
control groups and explore the optimal parameters and protocols for
TPS treatment of AD.
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For side effects, there are limited data reported in this system-
atic review. Adverse events in this review, including painless pres-
sure sensations, pain, headache, worsening mood, jaw pain, nausea,
and drowsiness, were reversible. In a study of TPS for lower limb
spasticity in children with cerebral palsy, only mild skin redness
(0.05%) at the electrode site was reported.*® The safety of TPS in the
treatment of Parkinson's disease has been studied, and no adverse
events have been observed.”” TPS is a low-intensity transcranial
electrical stimulation, and mild side effects similar to transcranial di-
rect current stimulation (tDCS) may occur during treatment, such as
itching, tingling, burning, and transient redness.*® Radjenovic et al.*®
conducted a retrospective analysis of data on clinical TPS treatment
in 101 patients with neurodegenerative diseases, more than 80% of
whom reported no side effects during TPS and more than 60% of
whom reported no adverse reactions after TPS. The most common
adverse events were fatigue, dizziness, and pain. Notably, if side ef-
fects occurred, most patients reported these events after only 1 out
of 10 sessions. Therefore, TPS in the treatment of AD may be safe,
but it needs to be verified by high-quality, large-sample trials.

Ultrasonic neuro-regulation induces initial changes in cell per-
meability, leading to a series of changes in transmitters, humoral
factors, and cell activity.49 Low-intensity pulsed ultrasound reduces
neuroinflammation by inhibiting the harmful overactivation of mi-
croglia.’® Hameroff et al.>! proposed that ultrasound directly affects
cytoskeletal microtubules within neurons and glial cells. Figure 2
shows the mechanism of TPS in the treatment of AD. The biologi-
cal mechanism of TPS is that cells convert mechanical TPS stimuli
into biochemical responses, triggering some basic cell functions. TPS
can stimulate mechanosensitive ion channels, promote cell prolifer-
ation and differentiation, stimulate brain-derived neurotrophic fac-
tor (BDNF) and vascular growth factors (VEGF), improve cerebral
blood flow, promote angiogenesis, and induce neuroplasticity.’>™>°
Jaberzadeh et al.’® found that TPS with shorter intervals appears
to have a greater impact on corticospinal excitability (CSE) with
fewer side effects than tDCS with longer intervals of stimulation.
tDCS modified neuronal excitability through tonic depolarization of
the resting membrane potential, while TPS modified neuronal excit-
ability through a combination of tonic and phasic effects.’® TPS has
been shown to increase the power and connectivity of endogenous

5758 and interact

brain oscillations in a frequency-specific manner
with endogenous oscillatory activity to induce cortical excitability. It
mainly increased the interhemispheric coherence of brain oscillatory
activity in the frontotemporal region, thus enhancing the functional
connectivity across neural networks.3**%%? Matt et al.® proposed
that TPS increased functional and structural coupling within the
left primary somatosensory cortex and adjacent sensorimotor areas
more than a week after stimulation, suggesting that TPS induced
neuroplasticity changes beyond the spatial and temporal stimulus
environment. For cognitive function, TPS has been shown to have
modest but specific cognitive effects, which can improve arith-
metic processing on complex mathematical tasks, speech compre-
hension, and performance on attention-shifting tasks in healthy
subjects.®"%% Ultrasound therapy resulted in microglial activation
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FIGURE 2 The mechanism of transcranial pulse stimulation in the treatment of Alzheimer's disease. AD, Alzheimer's disease; BDNF,
brain-derived neurotrophic factor; GABA, gamma-aminobutyric acid; GDNF, glial cell line-derived neurotrophic factor; TPS, transcranial

pulse stimulation; VEGF, vascular growth factors.

with plaque reduction, Ap clearance into microglial lysosomes, and
improvements in spatial and recognition memory in an AD mouse

model.4*

Whole brain low-intensity pulsed ultrasound therapy has
been shown to significantly improve cognitive dysfunction in de-
mentia mice by increasing the expression of endothelial oxide ni-
tric synthase.65 In addition, Zarifka et al.®¢ found that TPS reversed
Ap-induced impairment and improved Ap-induced memory in rat
models of AD. For depression, decreased serum BDNF levels and
decreased neuroplasticity are important pathophysiological mech-
anisms.®”%® TPS increased BDNF expression and increased neuro-
plasticity, possibly thereby improving depressive symptoms in AD.
However, the exact mechanism of action of TPS for AD is limited and
requires more exploration.

This systematic review has some limitations. The main limita-
tion is the inadequate methodology used in the included studies.
The included studies did not set blank or sham control groups, so
other factors may interfere with the authenticity of the results.
Because TPS is a relatively new noninvasive transcranial ultrasound
technique, there are only noncomparative studies. The lack of ran-
domization, control, blindness, and follow-up in these studies may

lead to selection bias, measurement bias, and confounding bias.
Second, three of the five included studies were conducted by the
same working team, which may bias the results. Third, the small
sample size included in this review may lead to an overall risk of bias
or insufficient evidence. Four, we only retrieved data from English
and Chinese databases, which may cause linguistic bias or limit data
availability. Finally, due to the small number of included studies
and insufficient data that could be pooled, we did not perform a
meta-analysis.

In conclusion, despite the lack of high-quality randomized con-
trolled trials, TPS has shown promise in improving cognitive per-
formance and reducing depressive symptoms in patients with AD.
Given the limited efficacy and side effects of existing drug thera-
pies for AD, TPS may have potential as an adjunctive therapy for the
management of AD.
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