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Non-Invasive Brain Stimulation Progression in Post-
Stroke Depression Treatment: A Systematic Review

ABSTRACT

Objective: Post-stroke depression (PSD) is the most common psychological disorder in
patients with stroke. It not only seriously affects the patient’s functional recovery, qual-
ity of life, and ability to return to society but also increases stroke recurrence rate and
mortality. However, the effectiveness of drug treatment is unpredictable and associated
with certain side effects and low compliance. Pharmacological therapy is limited. The field
of noninvasive brain stimulation (NIBS) has recently made great progress in developing
specific stimulation protocols to alleviate the symptoms of patients with PSD and might
offer valid, alternative strategies.

Methods: We systematically searched PubMed, Embase, and the Cochrane Library for
investigating the use of NIBS in the treatment of PSD. The methodological quality of
selected studies was assessed according to the Risk of Bias 2 (ROB2).

Results: We identified 814 references in 3 databases. After excluding irrelevant and dupli-
cate studies, 14 studies were included. According to the PRISMA checklist, 4 studies were
overall comprehensive, 6 had some problems, and 4 had considerable problems with the
presented information. The evidence was evaluated using ROB2, with 5 “low-risk” studies,
5 “some concerns” studies, and 4 “high-risk” studies included.

Conclusion: This review provides a comprehensive overview of the clinical trials reported
in PSD. Noninvasive brain stimulation is a potentially promising treatment strategy.
However, an optimal stimulation protocol needs to be formulated, and much work is
required before NIBS can be widely applied in the clinic.

Keywords: Post-stroke depression, review, rTMS: repetitive transcranial magnetic stimula-
tion, tDCS: transcranial direct current stimulation

Introduction

Over 12 million cases of stroke, a disease characterized by high morbidity and disability, were
witnessed in 2019. Fortunately, the annual mortality rate is declining.” However, this trend
means that a large number of patients with stroke sequelae will be encountered in clinical
practice, and post-stroke depression (PSD) is one of the most common sequelae of stroke.?
Compared with patients with stroke who do not have depression, those with PSD demon-
strate a poorer long-term quality of life.> Currently, studies focusing on stroke sequelae have
been conducted widely in the clinic.**

Approximately one-third of the patients with stroke will develop PSD, with a cumulative
5-year incidence of 39%-52%.° The primary clinical manifestations of PSD are affective dis-
order syndromes characterized by depressed mood, lack of interest, anhedonia, sleep dis-
order, etc., which are often accompanied by somatic symptoms.” Post-stroke depression can
occur in any period after a stroke, with the highest prevalence in the first year and gradually
decreasing thereafter. Nonetheless, >50% of the patients with PSD are diagnosed with mild
depression accompanied by persistent depression (persistent depressed mood).2
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To date, the pathogenesis of PSD has not been elucidated and involves
several factors and disciplines, which mainly include neuropsychol-
ogy, biology, anatomy, and sociology. Previous studies have consid-
ered PSD to be a pure cardiogenic reaction. The sudden occurrence
of stroke affects the speech, limbs, and cognitive functions of the
patients, affecting their ability to live independently, leading to a series
of negative emotions, such as a sense of futility and despair. When the
long-term psychological stress response exceeds their ability to cope
with stress, psychological disorders tend to occur.®™® The “location
hypothesis,” one of the various hypotheses of the PSD mechanism,
is widely accepted. The left frontal lobe and basal ganglia have been
identified to be the key regions of PSD." Further research confirmed
that the “frontal subcortical circuit”? and “limbic cortical striatal pal-
lidum thalamic circuit”® are the key networks that regulate emotional
behaviors. Some studies have also stated that “neurotransmitter
hypoxia” is one of the main reasons for PSD. As emotional behaviors
are regulated by different neurotransmitters, especially monoamines
(such as noradrenalin (NE), serotonin (5-HT), and dopamine (DA)),
dysfunction under various conditions may lead to different types of
mental symptoms such as depression.' Injury to specific brain regions
(brainstem, thalamus, limbic system, and frontal cortex) after stroke
leads to decreased secretion and bioactivity of 5-HT, NE, and DA,
resulting in the occurrence of PSD.” The dynamic imbalance of gluta-
mate and y-aminobutyric acid in vivo can lead to dendrite remodeling
and loss of glial cells, thus playing a role in the pathogenesis of PSD.'®
Studies have shown that psychosocial factors and neuroendocrine
mechanisms are involved in the occurrence of PSD."7'® Furthermore,
the response caused by inflammatory factors can stimulate the hypot
halamus-pituitary-adrenal axis to release glucocorticoids. Increased
levels of glucocorticoids can damage nerve cells, promote the deg-
radation of tryptophan (5-HT precursor) and tyrosine (NE precursor),
reduce the production of 5-HT and NE, and eventually result in PSD."®

A previous study has opined that depression in patients with neu-
rological diseases is often more difficult to treat than that in gen-
eral individuals.*® Drug therapy, primarily using antidepressants,
is undoubtedly the basis for clinical treatment. Selective serotonin
reuptake inhibitors, noradrenaline and specific serotonergic antide-
pressants, selective serotonin and noradrenaline reuptake inhibitors,
and tricyclic antidepressants?2 have been extensively applied as
first-line drugs in the clinical treatment of PSD. However, the effec-
tiveness of these drugs is unpredictable, and all of them are asso-
ciated with certain side effects and low compliance.?* Moreover,
long-term antidepressant treatment can become a hidden danger
for stroke recurrence. In addition, PSD interventions in the recently
published Cochrane review indicated the absence of strong evidence

MAIN POINTS

« Post-stroke depression (PSD) is the most common psychological
disorder in patients with stroke.

« In recent years, noninvasive brain stimulation (NIBS), a non-phar-
maceutical treatment approach, has attracted extensive attention
among the scientific community as it is non-invasive and patient
compliance is strong.

- This review was focused on relevant studies of patients with PSD
treated using NIBS, especially the repetitive transcranial magnetic
stimulation (rTMS) and transcranial direct current stimulation
(tDCS) techniques.
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that these drug interventions could effectively reduce depressive
symptoms after stroke.” Therefore, a non-drug treatment strategy is
an alternative worth exploring.

In recent years, noninvasive brain stimulation (NIBS), a scheme in the
field of non-drug therapy, has attracted extensive attention among
the scientific community as it is non-invasive. NIBS can regulate
neuroplasticity, explore the underlying pathogenesis, and can be
customized according to the needs of individual patients.?*?® Hence,
this review was focused on the relevant studies of patients with PSD
treated using NIBS, especially the repetitive transcranial magnetic
stimulation (rTMS) and transcranial direct current stimulation (tDCS)
techniques.

Methods

Our research was performed according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) check-
list guidelines. Only English language studies and published
data were taken into consideration. This study was approved by
Ethics Committee of Hangzhou Normal University (Approval No:
2021429625; Date: 29/12/2020).

Literature Search

Literature searches were performed across PubMed, Embase, and the
Cochrane Library. Our literature search expressions were as follows:
((Transcranial Magnetic Stimulation or TMS) or (Repetitive Transcranial
Magnetic Stimulation or rTMS)) or ((transcranial direct current stimu-
lation or tDCS) or (noninvasive brain stimulation or NIBS)) AND (post-
stroke depression or PSD) AND (Depression or Depressive Symptoms
or Mood Disorder) AND ((Stroke or Post-stroke or Ischemic Stroke or
Hemorrhagic Stroke or Acute Cerebrovascular Accidents)).

Subsequently, the abstracts were screened and articles selected for
full-text evaluation were reviewed.

Study Selection

We identified relevant articles for the review based on the popula-
tion, intervention, comparison, outcome, and study framework.
Additionally, we conducted a thorough review of reference lists from
selected articles to ensure comprehensive coverage of relevant stud-
ies beyond those identified through electronic search methods.

To be included in the review, studies had to meet the following cri-
teria: (1) the study was a primary research investigation, with rTMS
and tDCS utilized as treatments for patients diagnosed with PSD; (2)
the evaluation of PSD treatment efficacy must have been conducted
using at least one outcome measure specifically for PSD and the
reported study must have provided sufficient statistical information;
(3) the study needed to be published in a peer-reviewed journal and
available in English; (4) participants involved in the study should have
been aged =18 years; and (5) studies were presented as clinical trials.

Data Extraction

We used the PICOS tool according to the PRISMA guidelines. We paid
particular attention to patients’ intervention, machine type, com-
parator, outcomes, study design, and stimulation parameters. The
information extracted included: author, study type, country, litera-
ture size, sample size, treatment group, technical index, and outcome
indicators.
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Risk of Bias in Included Studies

Our included studies were assessed by using the Cochrane Risk of
Bias Tool for Trials (ROB2), which evaluates bias across 5 dimensions:
(1) the randomization process, (2) deviations from intended interven-
tions, (3) missing outcome data, (4) measurement of the outcome,
and (5) selection of the reported result. Each included study under-
went blinded assessment for risk of bias by 4 authors, with disagree-
ments resolved through discussion with an independent author.
Two blinded and independent authors independently assessed each
included study, with any disagreements resolved by a third author.

Results

Results of the Search

A total of 814 records were identified, 291 records were excluded as
duplicates and another 439 references were excluded as irrelevant.
After a full-text review of the remaining 23 studies, we excluded 3
that had no controls, 1 that had patients with other diseases, and 2
that were not clinical trials. However, due to the limited number of
selected studies, 3 case reports were also included for a comprehen-
sive discussion. Finally, we included 14 studies.** (Figure 1).

Characteristics of Included Studies

According to the PRISMA checklist, 4 studies were overall compre-
hensive, 6 had some problems, and 4 had considerable problems
with the information provided.

There were 6 randomized controlled trials (RCTs), 5 clinical trials,and 3
case reports, all of which were written in English. Five random-control
studies and 2 prospective clinical trials that applied high-frequency

[ Identification of studies via datab and regi
—
Records removed before
= screening:
§ Records identified from*: Dugllcate records removed
£ Pubmed, Embase and »| (n=291)
= Cochrance (n = 814) Records in other language
= (n=7)
:
e
R d d Records excluded:
ef‘;' 2 /8croone | Other types of articles:
(n=516) letter, clinical trial protocol,
l conference abstract(n=54)
: Reports excluded:
Reforts sought for retrieval »| Nothuman trails; Review
= (n =462) 5
Lé and irrelevant (n =439)
: :
(2]
Reports assessed for eligibility (n " ﬁz‘;‘;ﬁr:rscxd:%:)
=23) Patients with other diseases
(n=4)
No clinical trial (n = 2)
etc.
—
v
§ Studies included in review
E (n=14)

Figure 1. PRISMA flowchart of study selection and reasons for

exclusion.
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ITMS targeted on the left dorsolateral prefrontal cortex (DLPFC) for
treatment of PSD were finally selected.>™*” Only 1 clinical trial used
low-frequency stimulation to treat patients with PSD.?® Patients with
PSD were assessed using Hamilton Depression Scale (HAMD)-17 and
Beck Depression inventory (BDI) as shown in Table 1A.

Six experimental studies on tDCS for PSD involved placing the
anode electrode on the scalp corresponding to the left DLPFC,
while attaching the cathode to the right DLPFC following the
International 10-20 electroencephalogram (EEG) System. The tDCS
was administered at an intensity of 2 mA for 30 minutes in 4 studies
within the active/experimental group, whereas in Li's and Hassan’s
studies, patients received anodal tDCS stimulation at an intensity of
2 mA for only 20 minutes*'#? (Table 1B).

Reporting of the Quality Evaluation Results

The PRISMA statement project report was adopted, with the title
item covered in full in 14 articles (Item 1), and structured summaries
selected for reporting in 10 articles (Item 2). The theoretical founda-
tions were fully presented in all 14 articles (Item 3). Seven articles sup-
plemented the reporting on the objectives, and 6 reported partially
(Item 4). In the method and registration section, 7 articles reported
completely, and 2 reported partially (Item 5). All 14 articles reported
on the source of information (Item 7) and the research screening pro-
cess (ltem 9).The inclusion criteria (Iltem 6) and data elements (Item 11)
were partially reported. Due to the type of study, study bias (Item 12)
and other analyses (Item 16) were not reported in 14 articles. Most
articles reported summary impacts indicators (Item 13) and statistical
methods (Item 14). All 14 articles fully reported the research charac-
teristics in the results section (Item 18). Most reported on the selec-
tion of the study (Item 17) and the integration of the results (Iltem 21).
Four individual cases (Item 20). In the discussion section, all 14 articles
reported summaries of evidence (Item 24) and 11 reported limitations
(Item 25). Twelve articles reported the source of funding (Table 2).

Main Outcome Measures
Most studies focused on the efficacy and safety of NIBS in PSD
patients, mainly improving depressive symptoms, neurological func-
tion, cognitive function, daily living activities, accompanying symp-
toms, and adverse effects.

Improvement of Depressive Symptoms: Of the 14 included articles,
7 used HAMD scores as the outcome indicator. Intervention measures
included: (1) tDCS alone, (2) tDCS+sham, (3) rTMS alone, (4)
TMS+sham, and (5) rTMS combined with antidepressant
drugs+antidepressant drugs. All studies reported that the HAMD
score of the treatment group was higher than that of the control
group after treatment.

Recovery of Cognitive Function: Four articles explored the impact of
NIBS on cognitive function in PSD patients, all of which used the
MMSE scale for assessment. Intervention measures were divided into
4 types: (1) rTMS alone, (2) rTMS combined with antidepressant
drugs, (3) tDCS alone, and (4) tDCS + sham. Four studies showed that
the treatment significantly improved cognitive function in PSD
patients compared with controls.

Improvement of the Ability to Perform Activities of Daily Living:
The 6 articles included in this review examined the effects of NIBS on
the daily living activities on patients with post-stroke depression,
assessed using the BDI scale. All 5 studies showed that the treatment
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Table 1A. rTMS characteristics of included systematic reviews.

Number Interval

of Duration of Between Each  Outcome
Study Design Subjects Therapy Target Frequency Total Pulse Treatment rTMSTrain Measurement
RCT 32 rTMS DLPFC_L High (5 Hz) 40000 4 weeks 25 seconds HAMD-17
RCT 100 rTMS DLPFC_L High (5 Hz) 32000 8 weeks 56 seconds HAMD-17
RCT 11 rTMS DLPFC_L High (10 Hz) 30000 2 weeks 26 seconds BDI, PHQ-9
RCT 24 rTMS DLPFC_L High (10 Hz) 10 000 2 weeks 60 seconds HAMD-17
Prospective clinical trial 6 ITMS DLPFC_L High (20 Hz) 31200 2 weeks 12 seconds HAMD
Prospective clinical trial 15 ITMS DLPFC High (10 Hz), Low (1 Hz) High-40000, 4 weeks 25 seconds HAMD-17

Low-12 000

Prospective RCT 22 TMS DLPFC_L  High (10 Hz), Low (1 Hz) 4500 2 weeks 10 seconds BDI
Clinical trial 62 rTMS Primary Low (1 Hz) 26 400 2 weeks Unknown BDI

motor cortex

BDI, Beck Depression inventory; DLPFC_L, dorsolateral prefrontal cortex_left; HAMD, Hamilton Depression Scale; PHQ-9, Patient Health Questionnaire-9; RCT, randomized

controlled trial; rTMS, repetitive transcranial magnetic stimulation.

group had better improvement in daily living activities than the
control group. However, 1 study reported that there was no significant
difference in recovery of daily activities between the treatment group
and the control group after treatment.

PSD with Aphasia Symptoms Improvement: Only 1 article included
in this review examined the influence of NIBS on aphasia symptoms
in patients with PSD, and the study showed that NIBS could reduce
Aphasic Depression Rating Scale (ADRS) scores and significantly
improve depressive symptoms.

Adverse Reactions: Twelve articles in this review reported side
effects following NIBS, and patients tolerated NIBS well. Minor side
effects such as loss of appetite, local discomfort, anxiety, fatigue, and
dry mouth were not significantly different.

Study Quality

For all the studies, risks for the bias of included studies were low or
some concern to moderate. Although 4 articles showed high risk,
the included articles did not randomly assign patients or were case
reports, which may be the reason for suggesting high risk. In addi-
tion, there was no loss of outcome data. The details are shown in
Figure 2.

Discussion
Transcranial Magnetic Stimulation for PSD

TMS Technique: Transcranial Magnetic Stimulation (TMS) uses
electromagnetic induction as an efficient and almost painless
approach to generate current in the brain that can discharge the
target neuronal population.* In 1985, Barker et al* reported the use
of the single-pulse TMS technique in which the “type 8” insulated coil
is placed on the surface of the skull. The strong current that circulates
in the coil can produce a pulsed magnetic field of a certain strength.
This magnetic field acts on the cerebral cortex via the scalp and skull
and regulates the action potential of neurons via the sensory current,
thereby affecting the electrophysiological activity of neurons.

In contrast to TMS, rTMS is a potential therapeutic method that can
alter and regulate cortical activity after the stimulation period.®®
Different stimulation frequencies or pulse sequences can be applied
in this technique, which acts on motor and nonmotor brain regions
in various stimulation forms, exerting effects on brain activity.** In
most cases, low-frequency (<1 Hz) stimulation inhibits the activity of
the target brain region, whereas high-frequency (>1 Hz) stimulation
activates the target brain region.*#¢

Table 1B. tDCS characteristics of included systematic reviews.

Number Current Number
of Density of
Study Year Country StudyDesign Subjects Therapy Anode Cathode (A/m?) Sessions Outcome Measurement
Buenoetal®*® 2011 USA  Open label 1 tDCS  DLPFC_L DLPFC_R 2mA, 30 min 10 MADRS BDI, MMSE, MOCA
case report

Valiengo 2017 Brazil RCT 48 tDCS DLPFC_L DLPFC_R 2mA, 30 min 12 HDRS-17, MADRS, the Young

etal® Mania Rating Scale

An et al*? 2017 Korea Controlled 40 tDCS  DLPFC_L DLPFC_R 2mA, 30 min 20 BDI

Li et al*® 2019 China Clinical trail 26 tDCS DLPFC_L DLPFC_R 2mA, 20 min 20 An emotional face sex
judgment task and a “1-back”
working memory task

Hassan etal*’ 2021 Nigeria Case report 1 tDCS  DLPFC_L DLPFC_R 2mA, 20 min 10 BDI,VAS, DN4Q

Valiengo 2016  Brazil Open label and 4 tDCS DLPFC_L DLPFC_R 2mA, 30 min 12 ADRS,

etal® uncontrolled

tDCS, transcranial direct current stimulation; DLPFC_L, dorsolateral prefrontal cortex_left.
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Table 2. PRISMA declaration entries report conditions.

Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item

Item

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
13 10 14 11 14 14

10
10

12

13

14

14

14

10

14

14

14

PY

13

14

14

14
Item 1 title; item 2 structured abstract; item 3 theoretical basis; item 4 introductory purpose; item 5 protocol and registration; item 6 inclusion criteria; item 7 sources of information; item 8 search; item 9 study selection;

item 10 data extraction; item 11 data item; item 12 individual study bias; item 13 effect indicators; item 14 synthetic outcome methods; item 15 inter-study bias methods item 16 supplemental analysis methods; item 17
study screening; item 18 study characteristics; item 19 risk of intra-study bias; item 20 individual study results; item 21 synthetic results; item 22 inter-study bias results; item 23 supplemental analysis results; item 24

evidence summary; item 25 limitations; item 26 conclusions; item 27 funding; Y: yes; PY: probably yes; N: no.
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High-Frequency rTMS for PSD: A recent study* observed that the
DLPFC is an important node in the dorsal attention network that can
affect emotional responses by changing the higher-order perceptual
attention system and that damage to it can induce depression.
Another study has also established the effectiveness of high-
frequency rTMS in the treatment of PSD.*® Hence, it is evident that
most researchers use high-frequency rTMS to treat the DLPFC region.
The frequency used in this method is from 5 Hz to 20 Hz. The results
of a recent randomized controlled study?®' revealed that Hamilton
depression scale (HAMD) scores in both rTMS and sham stimulation
groups were significantly reduced after the treatment, but the rTMS
group demonstrated a more obvious improvement. Another study*?
documented that high-frequency (5 Hz) rTMS treatment in
combination with citalopram was beneficial in improving depression
and neuropsychological function, which has promising potential in
the treatment of PSD.2 This method can significantly improve
patients’ mini-mental state examination scores, suggesting that rTMS
can considerably strengthen the antidepressant effect of drug
treatment. Hordacre et al® stimulated the DLPFC region of patients
using high-frequency rTMS (10 Hz). The results showed that the lower
the baseline depression level of the patients, the more obvious was
the increase in the 0 frequency connectivity between the left DLPFC
and the right parietal region and the improvement in the Beck
Depression Inventory (BDI) score. Compared with the sham
stimulation group, the depressive symptoms of patients in the rTMS
group were reduced after the treatment.>* In a randomized controlled
study, Gu et al** treated patients using 10 Hz rTMS, which significantly
reduced the severity of anxiety, depression, and stroke and
substantially improved the cognitive ability and daily living ability of
the patients.3* Furthermore, in a small-sample prospective study
involving high-frequency accelerated rTMS,*" patients were
stimulated using 20 accelerated rTMS for 4 days, 5 times a day, for a
total of 20 times. The findings signified that the HAMD score of the
patients was significantly reduced and that the symptom relief rate
reached 100%, which persisted during the 3-month follow-up. These
results suggest that accelerated rTMS is a safe and feasible treatment
for PSD.*>* However, owing to the small population size of the study,
this conclusion remains speculative.

The benefits of high-frequency rTMS were validated in a meta-
analysis* that involved 10 randomized controlled trials and 524
patients with significant effects, but most of the effects were short-
term. Furthermore, this study* failed to identify the source of high
heterogeneity and the sample size was small, which may limit the
universality and validity of the findings. Only 2 studies®*** have
explored the long-term effects of rTMS intervention. Therefore, stud-
ies with larger samples and those that consider other influencing fac-
tors are required to evaluate the effectiveness and safety of NIBS in
patients with depression after stroke.

Low-Frequency rTMS for PSD: Few studies have so far focused on the
treatment of PSD using low-frequency rTMS. A recent study*® used 10
Hz and 1 Hz rTMS to stimulate the DLPFC of patients, and the results
showed significant changes in HAMD scores in both groups.
Nevertheless, the alterations in the high-frequency and low-frequency
groups were different. The effect of high-frequency stimulation is more
significantin the short term, whereas that of low-frequency stimulation
is more lasting.*® Moreover, studies have compared the therapeutic
effects of high-frequency and low-frequency rTMS. Kim et al* applied



Zhanga et al. A Systematic Review

Alpha Psychiatry 2024;25(5):626-634

Intention—

to-treat Unique ID Study ID

Li et al.” NA

Zhu et al.”  2022YYLL113
hordacre et a]si'A
Gu et al’ NA
35
Jessica et al.NA
36
da Silva et alNA
37
Kim BR et al. NA
38
Niimi et al. NA
39
Bueno et al. NA
29
Valiengo et alNCT01525524
42
An et al. NA

40
Li HY et al. NA

Hassan et al.”NA

- 00-00000000006-
00-000000-00 - 6-
000000000000006:
00000000000 - 0

Valiengo et alg.\o'A

=4
(53]
(=}
<
el
1
i
st
—

‘ Low risk
!

Some concerns

‘ High risk

0--00000--0OHO

! D1 Randomisation process

! D2 Deviations from the intended interventions
D3 Missing outcome data

! D4 Measurement of the outcome

D5 Selection of the reported result

Figure 2. Risk of bias (2.0).

different frequencies to stimulate the DLPFC of patients, and the
results indicated that the BDI scores of the low-frequency group were
significantly higher than those of the high-frequency group. An rTMS
study*® on neural pathways in stroke suggested that low-frequency
(1 Hz) stimulation of the contralateral primary motor cortex can change
body tryptophan content and increase the kynurenine level, which
may be more effective inimproving depression. These findings provide
novel insights for subsequent investigations on low-frequency rTMS.
However, the treatment of PSD with low-frequency stimulation needs
to be further explored.

tDCS

The tDCS Technique: Transcranial direct current stimulation is a type
of NIBS that provides a long (10-20 minutes) but weak (1-2 mA)
current to the brain tissue via electrodes placed on the scalp to
regulate neuronal excitability in a polarity-specific manner.®® This
method primarily serves a regulatory function by modulating the
likelihood of neuronal firing through adjustment of membrane
polarity. Specifically, anodal tDCS typically depolarizes the resting
membrane potential of neurons, leading to increased spontaneous
neuronal firing rate and heightened cortical excitability. In contrast,
cathodal tDCS diminishes cortical excitability by inducing
hyperpolarization of the resting membrane potential, thereby
reducing neuronal firing rate.’’ These polarity-dependent cortical
excitability changes observed in the motor cortex are hypothesized
to depend on the neuroplasticity mechanisms (NMDA-dependent
processes), similar to potential long-term potentiation (LTP) and long-
term depression.>? Certain investigations have established that brain-
derived neurotrophic factor plays a key role in LTP formation and is
regulated by tDCS.>* In addition, the regulatory function of tDCS also
demonstrates persistence.** A previous study has shown that tDCS
anodal stimulation for 5 minutes can increase motor cortex excitability,

which lasts for more than a few minutes.>® Furthermore, the levels of
some neurotrophic factors and immune-inflammatory factors have
been reported to be associated with the effects of tDCS.>

Based on the wide application of tDCS in neuropsychiatric diseases
(such as depression and Parkinson’s disease)*” and its characteristics
of low cost, simple operation, minimal side effects, and good toler-
ability, this technique has received extensive attention.*®

tDCS for PSD: Bueno et al® first reported the effect of tDCS on the
emotion and cognition of patients with PSD. In a subsequent
randomized controlled study, Valiengo et al®* observed that the
HAMD score was reduced in patients with PSD treated with tDCS;
furthermore, depressive symptoms were relieved, and no adverse
reactions occurred. In a study examining the mechanism of tDCS,*
the anode and cathode were placed in the left and right prefrontal
cortex of patients. The findings revealed that the concentration of
oxyhemoglobin was significantly increased after the treatment
compared with that before the treatment. The depressive symptoms
of the patients were relieved, which suggests that tDCS may alleviate
depression in patients with PSD by improving aerobic metabolism in
the prefrontal cortex.*®

As PSD is often accompanied by central pain, Hassan et al*' identi-
fied that patients’ depression scores decreased after tDCS treatment.
Pain symptom-related scores also decreased to some extent, and a
long-term improvement in mood was induced. Aphasia is one of the
common complications after a stroke, and tDCS may improve the
precision of picture naming in patients with aphasia after a stroke.
A study®® reported that the scores of the stroke aphasic depression
questionnaire and the aphasic depression rating scale decreased
under tDCS intervention and that the depressive symptoms of all
patients were significantly improved.*
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Furthermore, Hao et al®® and An et al** observed that tDCS provides
promising results in the treatment of PSD. However, a single sample
report is not universal and should be confirmed by performing larger
studies. The results of the systematic review and analysis by Li et al®
also showed that tDCS can improve PSD, but the heterogeneity of
the stimulation schemes was relatively high, and which stimulation
scheme is the best remains unclear.

In the past decade, both rTMS and tDCS have emerged as potentially
promising treatment strategies. However, a significant limitation of
the studies conducted thus far is the considerable variability in their
methodology, including differences in the number of sessions, site
of stimulation, current intensity or coil type, and outcome measures.
Additionally, publication bias remains a salient issue, with a tendency
to preferentially publish positive or statistically significant results
while potentially underreporting neutral findings.

Moreover, there remains a lack of comprehensive understanding
regarding the precise mechanism of action of repeated non-inva-
sive cerebellar stimulation. Subsequent research should prioritize
uncovering the underlying cellular processes, including potential
alterations in gene expression, protein synthesis, channel pump
regulation, and modulation of receptors and/or neurotransmitters.
Additionally, it is imperative to conduct further investigations to
determine the optimal timing for follow-up stimulation, evaluate
the feasibility of remotely supervised stimulation at home within a
larger patient population, and assess whether synchronous exercise
training interventions or medication can enhance the effects of non-
invasive stimulation.

In summary, the NIBS techniques of rTMS and tDCS are potentially
promising treatment strategies, although much work needs to be
done before they can be widely applied in the clinic.

Post-stroke depression is a disease that involves multiple factors that
are physiological, psychological, and social. It is an important factor
that seriously hinders the rehabilitation of a patient’s neurological
function and daily living ability. The improvement of patients’ mood
aids in rehabilitation after stroke, improves their quality of life, reduces
the recurrence rate of stroke, and indirectly saves medical resources
and reduces economic costs. Although the NIBS technique offers
several advantages, its intervention tends to be empirical. In terms of
treatment strategy, except for DLPFC stimulation site selection, other
factors such as stimulation intensity, stimulation time, and treatment
course are different, and there are few long-term follow-up studies.
In addition, most studies are small-sample, single-center trials with
potential selection bias. Furthermore, the assessment methods of NIBS
in the treatment of PSD rely on subjective semiquantitative psycho-
logical scales. Hence, objective methods, such as functional imaging,
should be added to evaluate the treatment effect via functional con-
nectivity in the brain or the integrity of nerve fiber bundles.' In the
future, advancements in the noninvasive brain-computer interface
technique are expected to transform the diagnosis and treatment of
depression.®?
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