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Abstract

Background: Post-stroke aphasia (PSA) is an impairment of the generation or comprehension of language due to
acute cerebrovascular lesions. Subacute phase span the 7th day to 24 weeks post-onset while > 6 months is termed
chronic phase. Language recovery does not arise immediately in chronic PSA, unlike the acute phase. The majority
of the treatment modalities in these two PSA phases are still in the infancy stage, facing dilemmas and considered
experimental requiring constant updates. Hence, we aimed to upgrade the existing literature regarding available
PSA management options, advances, and drawbacks pertaining to subacute and chronic phases.

Main text: In this review, we analyzed the management options for subacute and chronic vascular aphasia. MEDL

INE, through PubMed, ScienceDirect, and Google Scholar were explored for English studies by utilizing the terms
“stroke aphasia” Plus “vascular aphasia”; 160,753 articles were retrieved. The latest studies, published from 2016 to

therapies, and psychosocial interventions.

exploration are obliged.

July 2020, were selected. Article headings and abstracts were analyzed for relevance and filtered; eventually, 92
articles were included in this review. Various management options were extracted as follows: noninvasive brain
stimulation (NIBS), technology-based therapies, speech-language therapy (SLT), pharmacotherapy, music-based

Conclusion: The PSA therapy evolves towards more intense SLT therapy, yet the optimal dosage of the
emerging high-intensity therapies is controversial. As spinal and cerebellar NIBS, Telespeech, and E-mental
health mark PSA's future, distinct pharmacological options remain a dilemma. Across the continuum of care,
PSA-depression comorbidity and inadequate PSA post-discharge education to patient’s families are the
significant therapeutic challenges. Future therapeutic mechanisms, optimal dose/timing, and tolerability/safety

Keywords: Language, Aphasia, Depression, Speech therapy

Background

Over the last two decades, advancement in neural cogni-
tion sciences has pointed out that the language role was
not restricted to the classical language domains and
pointed favored cerebral regions, which beforehand was
not confirmed [1]. Post-stroke cases are frequently
harmed by disabilities that deter quality of life; yet, there
are numerous options for rehabilitation choices and

* Correspondence: neurovascular/@gmail.com

'Department of Neurology, The Clinical Medicine School of Yangtze
University, The First Affiliated Hospital of Yangtze University, Jingzhou
424023, Hubei, China

’Mirembe National Mental Health Hospital, Dodoma, Tanzania

Full list of author information is available at the end of the article

@ Springer Open

approaches. Hence, it is vital to locate the most efficient
modality [2].

Aphasia refers to an impairment of verbal communica-
tion, comprehension or speech production, and the abil-
ity to read or write secondary to brain injury. Post-
stroke aphasia (PSA) is the most common form of apha-
sia, mostly due to left hemispheric lesions [3-5]. Based
on the Stroke Recovery and Rehabilitation Roundtable
proposed framework definitions for critical timepoints
post-stroke, the subacute post-stroke phase spans the
7th day to the 6th month post-onset. Subclassification
involves early subacute (7th to 90th day) and late
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subacute (90th to 180th day). In contrast, beyond 180
days (6 months) is termed the chronic phase [6].

Classic aphasic syndromes correlate with the particular
vascular territory. Grouping post-stroke victims by af-
fected vascular territory aids in the localization of par-
ticular aphasia phenomenon to the related vessel
affected. The advent of imaging technologies yields the
opportunity to prove that conventional aphasic syn-
drome corresponds with particular vascular regions.
Clinically, Wernicke's aphasia localizes lower-division
middle cerebral artery strokes; Broca's aphasia localizes
superior division, while the proximal portion occlusion
is predicted better by global aphasia [7]. Therefore, PSA
(vascular aphasia) is the damage or impairment of the
generation or comprehension of language either in the
form of speaking or writing resulting from a cerebrovas-
cular event emerging from ischemia or hemorrhagic in-
sult [6-8].

A series of researches confirmed treatment-induced
language advances clinically and neurophysiologically.
Unlike in the acute phase, in the chronic PSA stage, lan-
guage repairs regularly do not arise immediately; there-
fore, considering natural restoration means is necessary.
Chronic PSA cases are independent of neural plasticities,
such as reduced cerebral edema. Hence, the post-stroke
restructuring of language is highly scrutinized in victims
with chronic vascular aphasia (CVA) [9].

The contemporary data links the functional recon-
struction of language in CVA with neuroplastic alter-
ations in both cerebral hemispheres, more marked at the
left hemispheric (LH) augmentations throughout the
early staging of language recovery [10].

Previous studies documented that the most signifi-
cant changes in the neural structure for language
happen in the initial regeneration steps. Contempor-
ary post-stroke motor recovery studies revealed an
enhanced sensitivity to treatment even beyond the
critical window (3 to 6 months) post-onset. Similarly,
the majority of language neuroplasticity proved to
occur in the subacute phase, followed by residual re-
covery from compensatory mechanisms throughout
the chronic phase [11, 12]. There are several PSA re-
covery prognostic factors, the baseline severity being
the single most significant PSA outcome predictor at
3 months and other factors being subcortical white
matter tract integrity and preserved left hemispheric
cortical regions’ structural integrity [11-13].

Recovery in PSA exhibits a non-linear pattern, due to
differences in recovery mechanisms and patterns associ-
ated with stroke duration. Mechanisms in the subacute
phase are characterized mainly by cerebral edema reso-
lution, and several pathological processes return to the
baseline state. Additional potential mechanisms in this
phase include synaptogenesis and axonal-dendritic
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regeneration. Further, perilesional cortical neurogenesis
are reported. Recent studies on Wernicke’s aphasia offer
proof that a rapid auditory temporal processing may
offer comprehension outcomes in the subsequent
(chronic) phase [14, 15].

Abnormal perfusion continues into the chronic phase,
even post-ischemic penumbra resolution. Despite the
subsiding physiological changes, the mechanisms that fa-
cilitate plasticity mainly acquired due to environmental
experience remain intact. Further, an advent of fMRI
studies associate chronic PSA recovery mechanism with
the activation in the dominant hemisphere (left). The
atypical task-evoked responses during semantic process-
ing are associated with damage to the posterior tempor-
oparietal areas—additionally, the suboptimal CVA
recovery is linked to disruption network integrity and
white matter connectivity [15, 16].

In PSA cases, the purpose of clinical rehabilitation is
to regain failed functions and prevent the acquired path-
ologies by administering training. Lately, conventional
clinical practices began to experiment new proposals
from neurophysiological studies in primates. Conse-
quently, the therapy should incorporate mastery of both
behavioral aspects and neurophysiological perspectives
[17].

Recently, in a wave of attention in rehabilitation, psy-
chiatric and neurological utilization of noninvasive brain
stimulation (NIBS) approaches that are mainly repetitive
transcranial magnetic stimulation (rTMS) and transcra-
nial direct current stimulation (tDCS) have been re-
ported [18]. Despite NIBS convincing post-stroke
language restoration, the mechanisms, optimal stimu-
lated cerebral regions for linguistic improvement, stimu-
lation frequencies, and the most desirable electrode
positions for PSA cases prevail a point of debate [19-
22].

Similarly, a long-standing discussion has encompassed
a suitable amount of CVA speech-language therapy
(SLT). Nevertheless, the efficient performance of inten-
sive modalities is yet to be entirely appreciated [23].
Even though speech-language pathologists (SLPs) learn
about PSA cases’ communicative necessities contrasted
to other affiliates in stroke rehabilitation, their counsel-
ing practice still reported facing shallow understanding,
ability, and courage. Therefore, modernizing information
and reexamining what coaching empowers SLPs to con-
sider competent, self-confident, and skillful is mandatory
[24].

The proof supporting self-management in stroke is
proliferating, yet, there is inadequate evidence to demon-
strate PSA self-management efficacy [25]. Furthermore,
practice in SLT for evaluation is novel; hence, its effect-
iveness and potential for rehabilitation in PSA prevail
unexplored [26]. On the other hand, around 60% of
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CVA cases documented co-occurring with depression;
similarly, online-based mental health practice was re-
ported to be increasingly employed in the management
of post-stroke depression (PSD) [27].

Owing to these remarkable advancements and know-
ledge gaps, in this review, we analyzed the management
of options for subacute and chronic vascular aphasia.
ScienceDirect, Google Scholar, and MEDLINE, through
PubMed, were explored for English studies by utilizing
the terms “stroke aphasia” Plus “vascular aphasia”; a total
of 160,753 articles were retrieved. The latest studies,
published from 2016 to July 2020, were selected. Article
headings and abstracts were analyzed for relevance and
filtered, and eventually, 92 articles were incorporated.

The management of subacute and chronic
vascular aphasia

Noninvasive neuromodulation technologies
Neuromodulation technologies (Table 1) also known as
NIBS, is encouraging means for neurorehabilitation in
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PSA [18, 28]. The most recent meta-analyses authenti-
cated NIBS as an efficient therapy in promoting the re-
covery when coupled with SLT compared with
monotherapy. rTMS are exhibiting an advantage of ef-
fectiveness for both subacute vascular aphasia (SVA) and
CVA, bearing more safety but are more costly compared
with tDCS. On the contrary, tDCS is user-friendly, offer-
ing quick utilization at home, with little expense but lim-
ited practicability, and satisfactory only for CVA [29-
31].

Brain stimulation techniques set a novel PSA ap-
proach; Spielmann and colleagues strengthened the
probability of determining an optimal electrode position,
hence registering the necessity for the prospective stud-
ies to analyze the usefulness of the approved electrode
arrangement [21].

NIBS can affect mechanisms of synaptic plasticity, tar-
geting distinct sections across the cortical and subcor-
tical regions. Compared with natural mechanisms, NIBS
stimulation is considerably complicated, emerging from

Table 1 Summary of studies on subacute and chronic vascular aphasia (January 2016-February 2020) evaluating the potency of

noninvasive neuromodulation technologies

Author Case Intervention Post- Therapeutic duration/intensity Outcome
(n) stroke
onset
Meinzer 26 Intensive >12 Naming therapy (14 days/ 1.5 h/day) x  Multi-session tDCS provoke long-lasting enhancement
et al,2016 naming + months 2 per day prior stimulation of therapeutic outcome
tDCS
Carlsonetal. 1 rTMS + SLT 30 2 weeks/ rTMS + SLT rTMS is safe in pediatric PSA
2016 months
Sebastian 1 Cerebellar 5years 15 sessions / Anodal cerebellar tDCS + BT is more efficient than BT
et al. 2017 tDCS + BT 60 days apart. alone
Marangolo 14 tsDCS 26 3 weeks / 20 min/ 2 mA tsDCS promotes verb recovery in chronic PSA
et al. 2017 months
Harvey et al. 09 rTMS 55 10 days/600 pulses r'TMS offers long-lasting enhancements in picture
2017 months naming
Woodhead 21 iReadMore VS > 1year  4weeks/ 34 h iReadMore + 11 iReadMore confirmed in advancing the reading
et al. 2018 tDCS stimulation sessions proficiency for trained words in central alexia
Spielmann 13 tDCS + word- 26 3 sessions, 3 days apart /1 month There is probability of determining an optimal
et al. 2018 finding months electrode position
Hu et al. 40 LF-rTMS > 1 HF-rTMS (10 Hz) Low-frequency rTMS is more efficient than the high
2018 VS HF-rTMS month LF-rTMS (1 Hz) frequency.
Szaflarski 12 iTBS + mCIAT mCIAT 45 min/10 days iTBS + mCIAT achievable and safe
et al. 2018 1 session iTBS/10 days
Before mCIAT
Vila-Nova 13 tDCS + word-  15-70 -6 months SLT x 1 for week tDCS effectivity in articulation but not word count
et al. 2019 finding months - 3 weeks tDCS
Harvey etal. 11 CTBS 26 600 pulses CTBS offer long-lasting enhancements in picture
2019 months naming
Heikkinen 17 rTMS + ILAT 212 2 weeks -ILAT exhibited effectiveness for the chronic PSA phase
et al. 2019 months -rTMS did not yield notable results
Georgiou 02 cTBS 20-25 600 pulses cTBS as monotherapy improve promote language
et al. 2019 months recovery

mCIAT Modified constraint-induced aphasia therapy, tsDCS Transcutaneous spinal direct current stimulation, rTMS repetitive transcranial magnetic stimulation, HF-
rTMS high-frequency rTMS, LF-rTMS low-frequency rTMS, cTBS continuous theta burst stimulation, ILAT intensive language-action therapy, iTBS intermittent theta

burst suppression, BT behavioral therapy, SLT speech-language therapy
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excitatory and inhibitory outcomes. NIBS protocols lead
to persistent impacts on cortical excitability. This obser-
vation reveals the synaptic mechanisms of long-term po-
tentiation (LTP) or depression (LTD). Nevertheless,
recent studies indicate that LTP/LTD aspects alone are
inadequate to justify the initial and long-term modifica-
tions observed following short-term NIBS experiences
(11, 32].

Mechanism of tDCS focuses on transmitting a little
polarizing electrical current, (1-2 mA), modulating cor-
tical activity by stimulating neuronal resting membrane
potentials, which enhance cognition and conduct. An-
odal tDCS renders neuron depolarization, boosting cor-
tical excitability, while cathodal tDCS acts by neuronal
hyperpolarization, reducing excitability. tDCS, coupled
with behavioral sessions, have been correlated with en-
during changes in both performed and neuronal activ-
ities (1, 18, 32, 33].

Previous researches displayed transcutaneous spinal
direct current stimulation (tsDCS) capabilities in
modulating spinal cord. In these earlier studies, tsDCS
mechanisms directed on the lemniscal and nociceptive
spinal arrangements. Marangolo and colleagues, in the
most contemporary study, shed light, highlighting the
spinal cord as a bridge for conveying tsDCS effected
changes into cerebral networks to promote verb pro-
cessing. The hypothesized mechanism links anodal
tsDCS with the inhibition of the ascending tonic
pathways to the cortex. This theory displays tsDCS,
decreasing the activity into the sensorimotor areas.
Paradoxical neuronal potentiation of their role is the
outcome. Further, inhibitory current is thought to de-
crease cortical inhibitory interneuron excitability. The
last speculated concept concentrated on anodal tsDCS
effect on glutamate and GABA (decreased levels) into
the sensorimotor cortices pointing to an enhanced
function [1].

Identify the best region for the tDCS placement region
has been in a milestone. Previous studies authenticated
proof that placement of anodal tDCS over peri-lesional
LH regions or cathodal tDCS over the right hemisphere
(RH) regions can augment language outcomes. Likewise,
several studies have shown the benefit of utilizing both
electrodes (RH cathodal tDCS /LH anodal tDCS). On
the contrary, the most contemporary study applied right
cerebellar neuromodulation to increase spelling restor-
ation in a CVA case. Extended span (up to 5/week) and
intensity (15 sessions) thought to play a role in the not-
able spelling skills improvement observed. Further, the
role neuronal LTP in synaptic connectivity and cerebel-
lum facilitation by tDCS in skill learning is another pos-
sible mechanism. However, this study was a case-based
research on a single participant, warranting future exten-
sive studies [19].
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In one randomized controlled trial (RCT) employing
26 CVA cases post highly intensive naming treatment
plus tDCS, proved for the first moment that multi-
session tDCS could provoke long-lasting enhancement
of therapeutic result by applying M1 tDCS montage
[34]. Another RCT tested the impact of left inferior
frontal gyrus (IFG) anodal tDCS combined with the
iReadMore app on reading skills for alexia-aphasia co-
morbidity. Based on 21 cases, iReadMore confirmed to
advance the reading proficiency for trained words, with
excellent long-term outcome [35]. An up-to-date meta-
analysis on repetitive tDCS has demonstrated the prob-
ability of intensifying picture-naming correctness in PSA
sufferers. Hence, uncovering the prospect of providing
tDCS therapeutic to improve language rehabilitation in
clinical rounds, yet, further investigations to validate
these prefatory outcomes is needed [36].

TMS creates cerebral hyperpolarization/depolarization
through weak currents. A coil was set on the scalp and a
pulse transmitted to the skull. The application above
Broca’s area was linked to enhance language outcomes.
Precisely, TMS centered on fluxing magnetic field pro-
duction, which in turn produces a current in underlying
cortical neurons, generating depolarization. As a result,
TMS can be used to manipulate cortical capacity in a
focal way [18].

In one systemic review by Dionisio and colleagues, in
2018, most included studies stated statistically meaning-
ful functional enhancements, promoting the application
of TMS for PSA rehabilitation [2]. Further, based on a
PSA pediatric case report, SLT coupled with rTMS
seems safe, as the post-therapy fMRI displayed enhanced
left perilesional IFG activity and connectivity [37]. Simi-
larly, inhibitory rTMS to regions of the right IFG of
CVA patients proved to present long-lasting enhance-
ments in picture naming production and cortical activa-
tion [20].

A recent proof authenticates that low-frequency rTMS
(LE-rTMS) is more efficacious than the high-frequency
rTMS; still, studies necessitated examining the neuronal
mechanisms that hold the variations in functional restor-
ation witnessed among the stimulation techniques [22].
Likewise, the most up-to-date reappraised guidelines on
the curative effect of rTMS recommend that LE-rTMS
be used for the right IFG in motor CVA, despite the
guideline endorsement of rTMS advantages, but it is yet
to attain clinical significance levels [38].

In a case report concerning a PSA female patient in
her thirties, the application of rTMS coupled with SLT
conferred intensified cerebral functioning [39]. On the
contrary, one study based on 17 victims with chronic
PSA in whom rTMS coupled with intensive language-
action therapy (ILAT) was exercised, rTMS did not yield
notable results. Instead, ILAT exhibited effectiveness for
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the chronic PSA phase; the findings were reported from
evidence-based PSA therapies [28]. In one explorative
research with a limited number of 2 participants, con-
tinuous TBS at the right pars triangularis as a monother-
apy proved the ability to promote language symptoms in
the chronic PSA with no unfavorable outcomes during
the therapeutic and follow-up duration [40].

Continuous theta-burst stimulation (cTBS) is an in-
hibitory form of rTMS to the right of the triangular part
of the IFG used in CVA. It can intensify naming by aid-
ing phonological access throughout word retrieval, form-
ing a unique chance for PSA cases with naming
impairment in the chronic platform [41]. iTBS is corre-
lated with improved left lateralization of IFG activity
during verb production, registering neuroplastic modifi-
cations associated with iTBS employed on residual left-
hemisphere language regions in CV A[42].

Speech-language therapy

In regular speech, illustrations of things and acts are
customarily actualized as nouns and verbs. Gleichgerrcht
and colleagues recently investigated separate neural ar-
rangement assistance and found words for activities
linked with a frontal circuitry required in motor com-
mand and programming. Comparatively, words for
things are associated with posterior networks [43].
Moreover, Kjellén and colleagues demonstrated that
PSA victims could verbalize their literacy encounters
and beliefs, warning clinicians to compose or alter their
literacy evaluations and intervention strategies accurately
[44]. Further, PSA survivors recognized to offer added
meaning-ladened gesticulations to counterbalance verbal
production shortfalls. These observations were suggest-
ing the beneficial impact of multimodal information
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provided by co-speech gesticulations [45]. Hence, new
word training performance seems to offer acquisition in
anomia recovery [46].

Unlike other PSA therapeutic modalities lacking full
recommendations, contemporary rehabilitation guide-
lines propose SLT for PSA [19, 47]. One study estab-
lished that, amid community-dwelling PSA victims,
majority of SLT sessions implemented face to face com-
pared with group therapy and telehealth, regularly exe-
cuted by qualified SLPs in more than 70% of the cases
and infrequently by SLP assistants, for 1-60 min per ses-
sion in 2 weeks apart [48].

The significance of intensive, comprehensive aphasia
plans (Table 2) has developed due to increasing demand
for CVA treatments, now the proof to confirm language
and life status change in PSA, yet, the retrospective char-
acter of the studies is a significant drawback [49].

Constraint-induced aphasia therapy (CIAT) is known
to be an intensive, high-dose management directed at
improving verbal output in a group setting of 2—3 sub-
jects entirely centering on verbal rather than nonverbal
activities. The intensified CIAT protocol, which incorpo-
rates written hints (CIAT-Plus) and multimodal aphasia
treatment (M-MAT), will be concluded in the future
large RCT (COMPARE) with 216 participants. Comple-
tion will permit more efficient prescriptions for PSA,
and cost-effectiveness data will render support for mar-
keting [50]. However, CIAT/ILAT has been determined
to be highly useful in improving language shortfalls in
CVA as well as in subacute vascular aphasia (SVA). In
one study where ILAT was rendered for 10 h weekly for
4 weeks, cerebral activation improvement post-treatment
throughout sentence processing was observed, authenti-
cating that high-intensity language therapy promotes

Table 2 Summing researches published (2016-February 2020) appraising the effectiveness of speech-language therapy on subacute

and chronic vascular aphasia

Author Sample Intervention type Duration Outcome
size (n) post onset
Dignam 30 SFA/PCA + >4 months  New word training correlated with therapeutic outcomes
et al. 2016 computer therapy
Duncan 19 IAT >5months  Intensive IAT correlates with therapeutic benefit (narrative production)
et al. 2017
Kiellén et al. 12 Literacy 1.5-25years  Literacy intervention facilitates verbalization literacy encounters and beliefs
2017 intervention
Lucchese 14 ILAT/CIAT > 1 year High-intensity language therapy promotes language recovery in chronic PSA
et al. 2018
Preisigetal. 20 MCA = 6months  PSA survivors recognized to offer added meaning-ladened gesticulations to counter-
2018 balance verbal production shortfalls post therapy.
Kaviani etal. 2 MCP 3/8 years The MCP enhance the communication abilities in patients with chronic PSA
2018
Stahl et al. 30 ILAT 21 year Increasing treatment intensity has no added outcome value.
2018

IAT imitation-based aphasia therapy, ILAT intensive language-action therapy, CIAT constraint-induced aphasia therapy, MCP multimodal communication program,
MCA multimodal communication in aphasia, SFA semantic features analysis, PCA phonological components analysis
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language recovery in chronic PSA over a short period
[9].

Current data has fired the debate on the purpose of
massed therapies in CVA. Early findings proposed a
weekly dosage of moderate ILAT in a range of 5-10h as
adequate for ensuring enhanced language execution.
Nevertheless, no definitive resolution, whether highly-
intensive ILAT in a weekly dose over and above 10h,
points to additional SLT profits. The primary RCT, by
Stahl and colleagues, in 2018 which presented proof on
various ranges of massed therapy by analyzing weekly
12-h and 6-h therapies proved lack of added therapeutic
intensity benefit for an extra 2h of daily therapy within
a month [23, 47].

Imitation-based aphasia therapy (IAT) is a variety of
action-observing therapy applying engagement of the
given anatomical network bearing action observation
and execution to improve function post-neurological in-
jury. Based on 19 PSA cases in a chronic phase, 6 weeks
of intensive IAT, the intensity of therapy was observed
to correspond with therapeutic gain. In contrast, inad-
equate representation and compromised therapeutic
compliance due to unexamined variables, such as atten-
tion, were marked as limitations [51].

In CIT, non-verbal actions are considered to intervene
in therapy, and patients are consequently compelled to
speech modality. Comparatively, multimodal therapeu-
tics apply nonverbal modalities to cue word retrieval.
Multiple nonverbal modalities may be coupled in ther-
apy to potentiate the cueing of verbal output. Multi-
modality aphasia therapy offers a highly intensive multi-
modal approach that employs structured cueing ranks of
writing, gesticulation, and drawing to cue word retrieval
[52].

The conventional procedure (unimodal approach) cen-
tered on the therapist guiding a particular modality inde-
pendently. =~ A  new  augmentative  alternative
communication, multimodal communication program
(MCP) approach, in CAV can enhance the communica-
tion abilities in CVA cases [53].

Technology-based therapy
High technology media designate a compensatory ap-
proach to intensify communicative abilities in PSA indi-
viduals; scientific conclusions from aphasia therapy are
adequately represented by advanced study designs and
outcomes reporting [54]. Now computerized SLT can be
confirmed as a supportive approach to PSA treatment,
operated at a low cost compared with conventional face-
to-face SLT; coming computerized rehabilitation pro-
grams will conceivably improve the effectiveness of
accredited applications in CVA [55].

In a study comprising 20 PSA participators offered
with 12 computer-based therapy sessions for 6 weeks,
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the speed—accuracy-centered approach was verified to
be significant clinically with extensive applicability [56].
Similarly, self-administered smart tablet therapy is an
encouraging option to optimize everyday life communi-
cation in anomia cases, particularly in settings where
SLPs are inadequate for chronic PSA, hence validating
the efficiency of utilizing smart tablets to advance nam-
ing in PSA [3, 57, 58]. Another study that applied 1-h
dose of computer-delivered script practice with and
without a break authenticated the probability learning
facilitation. However, optimal dosage and scheduling pa-
rameters are a topic for prospective analysis [59].

Based on 278 cases attending self-managed computer-
ized speech and language therapy (CSLT) in the sub-
acute phase, CSLT plus usual care rendered a clinically
notable advancement in relevant word-finding correlated
to the conversation. Generating a demand to couple
CSLT with SLT as demonstrated to be more productive
than no-therapy [60]. Writing practices can be affected
in aphasia and resume less well than other language mo-
dalities. Assistive technology, such as speech-to-text
software, can be used in therapeutics to counterbalance
writing impairments [61].

Telerehabilitation is a novel rehabilitation procedure
that comfortably permits victims to undergo therapy at
home, bypassing the practitioner’s need to move. Multi-
modal language therapy performed through synchro-
nized telerehabilitation illustrated positive impressions
on chronic PSA functional communication [26, 48].
Likewise, telespeech therapy alleviates the remoteness
obstacle and the influence of mobility difficulties
appending PSA management. Recent research completed
in Canada prompts other debates by showing that multi-
modal language treatment performed by synchronized
telespeech therapy yielded good outcomes on functional
language in CVA cases [26].

Pharmacotherapy

Several clinical studies have scrutinized the potency of
diverse pharmacological options for PSA language res-
toration. Pieces of evidence advocating pharmacological
stimulation of neuroplasticity are still limited. Further-
more, the contemporary guidelines suggest drug coupled
with SLT on a case-based consideration, yet register a
shortage of distinct regimen recommendations. Never-
theless, pharmacotherapy appears to bear a promising
strategy for ameliorating PSA. Recently, Berthier and
colleagues pointed out ten reasons for advocating future
PSA pharmacotherapy studies. Generally, based on pre-
vious studies, pharmacotherapy bears the advantages of
better safety and tolerability, speeding PSA recovery rate,
and better results even when unpaired with other thera-
peutic options reported. Further, augmentation of other
aphasia therapy, improvement of the cognitive and
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behavioral deficit, and effectivity after drug withdrawal
were reported [47, 62].

Stroke interruption of neurotransmitter conduits justi-
fies the rationale for PSA pharmacotherapy intervention.
The pathways affected most are those connecting the
brainstem and forebrain to the cortical language regions
and deep gray nuclei. Hence, pharmacological modula-
tion of these neurotransmitter pathways tends to facili-
tate synaptic plasticity resulting in PSA improvement
[63].

Amphetamine (AMPH) is a stimulant drug, which acts
by promoting monoamines’ synaptic concentration. Ani-
mal studies on AMPH propose a two-phase mechanism,
the first phase centered on the resolution of diaschisis
and a second phase contributing to neuronal remodel-
ing. Anatomically, data suggested that cortico-efferent
plasticity of axonal sprouting contributes to improved
motor recovery. Dextroamphetamine is a catecholamin-
ergic drug, the mechanism focused on the dopamine
and norepinephrine reuptake inhibition. The receptor
pharmacology of the D-amphetamine is not yet entirely
clear. In animal studies, it has been observed to enhance
neural sprouting and synaptogenesis post infarction. In
animal study designs, amphetamine coupled with behav-
ioral therapies were experimented for language neuro-
modulation.  Likewise, Donepezil, coupled with
dextroamphetamine sulfate, has been examined for re-
covery augmentation and safety, with the evidence that
this combination was well-tolerated without unfavorable
cardiac outcomes (pulse rate and blood pressure). Lack
of mood evaluation, which is a vital component when
evaluating the consequences of stimulants, and the ab-
sence of specific stipulation on higher-dose side effects
were the notable drawbacks to the evidence [64].

Atomoxetine (ATX) is a selective noradrenaline (NA)
reuptake inhibitor. Recent studies link ATX to brain
plasticity in humans [65]. Yamada and colleagues, in
2016, confirmed that atomoxetine treatment was safe
and achievable for PSA victims. Following titration of
40 mg, 80 mg, and 120 mg of atomoxetine at 2 weeks be-
fore admission, 1 week before admission, and 13 days of
hospitalization, respectively, and combined with inten-
sive SLT, pressing demands for prospective trials of
ATX coupled with NIBS are suggested [66].

ATX mechanism is the center in increasing NA levels
throughout the cerebral cortex in response to high NA
transporter (NAT) levels in the cortical regions. Further,
ATX proved to increases dopamine levels in the frontal
lobe. ATX has additional abilities such as antagonistic
effects on the N-methyl-D-aspartate receptors (NMDA
Rs) and beneficial effects in some in vitro studies. Never-
theless, animal studies showed that pretreatment with
ATX facilitates inhibition of ischemia-induced excito-
toxicity post cerebral ischemic injury. SPECT studies in
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PSA patients verified an increase in blood flow across
the perisylvian speech zone coupled with intensive SLT
[65, 66].

Comparably, Zhang and colleagues, in 2018, supported
that donepezil (DPZ) has a striking impact in improving
acoustic comprehension, naming, word reproduction,
and oral narration; comparatively, memantine has a vital
impact in promoting naming ability, impromptu speech,
and word reproduction [67]. Nevertheless, several stud-
ies reported a negative impact of DPZ on aphasia ther-
apy [63, 68, 69].

Memantine is a non-competitive NMDA-receptor an-
tagonist with approval for Alzheimer’s disease treatment.
In contrast, DPZ is classified as a cholinergic drug.
Emerging evidence links the cholinergic activity of DPZ
with the left temporal lobe, hence enhancing language
processes, especially posterior cerebral lesions. Further,
cholinergic drugs enhance cognitive functions thought
to play a role in language enhancement post-stroke [63,
70, 71].

Animal studies exhibited a decrease in post-stroke cat-
echolamine levels in the cortical regions, leading to de-
lays in stroke recovery. Levodopa is a catecholamine
drug. A specific role of catecholamine for language func-
tions is theorized on catecholaminergic system simula-
tions. Augmentation of attentional regions that drive
language output is the principal outcome. Piracetam is a
nonspecific GABA derivative classified as a nootropic
drug. The specific mechanisms specific to piracetam is
unknown.

Nevertheless, the proposed mechanism focused on fa-
cilitating cholinergic neurotransmitters and increasing
regional cerebral blood flow effects. Excitation of neuro-
transmission on amines was also thought. Similarly,
bromocriptine is the most studied drug for PSA. Dopa-
minergic agents are classified as D2 agonists and proved
to bear a significant number of contraindications [62,
63].

The importance of some of these drugs (bromocrip-
tine, piracetam, and levodopa) in PSA repairs is still un-
satisfactory and unsettled. Notwithstanding, on a case
basis, drug therapy recommended by the current guide-
lines are proposing the necessity for thorough studies on
the dosage and timing before officiating regular use rec-
ommendations [47, 63, 67, 72].

For many years in Asian countries, acupuncture and
traditional herbal remedies bore a favorable practice for
PSA management and other post-stroke complications.
However, the precise mechanism of acupuncture for
aphasia therapy is unknown. There are several tech-
niques to apply acupuncture. These include traditional
acupuncture (TA), Jin’s three needles (insertion of 3 nee-
dles on vital acupoints), and electroacupuncture. Other
methods involve scalp acupuncture (SA) in which
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needles excite various scalp regions for particular nerve
reflexively and tongue acupuncture (acupuncture needle
inserted and twisted in tongue acupoints) [73-75].

One electroacupuncture study applied the current in-
tensity of 2 mA to arouse the Tongli acupoint (1 in. over
the transverse crease of the wrist). The Xuan Zhong acu-
point (3in. beyond the top of the external malleolus)
was also stimulated. Hence, the study exhibited that acu-
puncture points could provoke multiple cerebral lan-
guage areas in Broca’s aphasia cases, which may bear a
beneficial effect on PSA recovery [75]. Furthermore, one
of the earliest studies summarizing current PSA evidence
of acupuncture, covering twenty-eight RCTs in > 1700
cases, presented proof on the acupuncture efficacy in
promoting PSA functional communication and language
role. However, the absence of distinct time points post-
stroke, and acupuncture variety classification was a not-
able study drawback [76].

However, another meta-analysis proved that SA,
tongue acupuncture, and Jin’s 3-needle acupuncture
could better improve PSA than TA alone or coupled
with rehabilitation training. Similar findings for tongue
acupuncture were reported by Wu and colleagues 3
years prior. Nevertheless, the quality of the incorporated
studies was inadequate [74, 77].

Among the oriental herbal medicine, Jie Yu Dan (JYD)
has been recently studied for PSA. Other herbal remed-
ies previously studied for aphasia include Kang Yu Tang,
Dan Xi Tang, and Niu Huang. The suggested mechan-
ism of JYD on PSA concentrates on neuroregeneration.
Moreover, post-stroke reduction of oxidative stress and
inflammation for neurogenesis is thought. Furthermore,
other JYD positive effects include enhancing blood flow
in ischemic lesions, promoting microcirculation, boost-
ing blood circulation, and forcing collateral circulation.
A recent meta-analysis of 10 RCTs proposing moderate
supportive testimony of a four-week course of treatment
of JYD bears positive effects on PSA inconsiderate of the
onset with better safety profile when coupled with PSA
conventional therapy. However, the study had all RCTs
including only Chinese people, which does not reflect
the effectiveness of other ethnicities, yet tiny subjects
were enrolled [73].

Stem cell, cellular, and gene therapies represent a fun-
damental transformation in the therapeutical paradigm
in chronic pathologies owing to its multi-cellular mole-
cules and pathways resembling physiological mecha-
nisms. Over the past 20 years, mesenchymal stem cells
(MSCs) from the umbilical cord blood, bone marrow
(BM), and adipose tissue were employed in post-stroke
cases via intravenous (IV) and intra-arterial routes. Prac-
tice incorporated intrathecal (I/T) and intracerebral
routes as well. Hypothesized mechanisms focus on the
enhancement of neurotrophic growth factor secretion by

(2020) 56:92 Page 8 of 13

stem cells, hence facilitating recovery. Furthermore,
emerging proof advocates the role of neuronal circuit re-
establishment, by increasing nerve fiber sprouting, and
diminished apoptosis. Nevertheless, the purpose of de-
creased peri-infarct inflammation and angiogenesis was
highlighted [78, 79].

Most recently, IV and I/T administrations of CD271"
stem cells at a single dosage of 2—-5 x 106 cells/kg were
established as a safe alternative with excellent outcomes
in managing CVA cases. The same effect was observed
for chronic spasticity. Nevertheless, a tiny number of
cases (8 patients) was a significant limitation to this
study. On the contrary, another research on BM-derived
mononuclear cells (BM-MNCs), which enrolled 39 SVA
patients in which none received IV alteplase in the acute
phase, confirmed the safety profile. However, no signifi-
cant enhancement of the motor, PSA, or infarction vol-
ume was detected. Furthermore, aphasia and a
convulsion secondary to intracerebral hemorrhage were
reported as the complexity of genetically altered allogen-
eic MSCs 3 years post-implantation [78—80].

Music-based therapy

Melodic intonation therapy (MIT) focuses on the appli-
cation of musical components of speech (rhythmic and
melodic) to enhance language composition with contra-
lesion cerebral proficient language areas involved. There
is assuring proof from one small, pilot RCT of 20 PSA
sufferers that MIT can impact the communication abil-
ities of stroke victims with Broca’s aphasia; generally,
RCT-based effectiveness data is still limited [81]. Simi-
larly, Slavin and colleagues showed a prosperous MIT
case-based research on a 10-year patient post-PSA. Ini-
tially, this patient was offered SLT and a modified MIT
procedure. Registering that a 9-month MIT combined
with musical components and coupled with group treat-
ment may result in augmented speech and motor lan-
guage abilities [82]. Further, there is assuring testimony
that adjustments to home-based applications, such as
aphasia-favorable written guidance and music, promote
proper home training [83].

Psychosocial interventions

In one systematic paper, based on seventy analysis stud-
ies, the likelihood of post-stroke victims creating social
chains, having a friendship relationship, and support
aided defeating PSD manifestations [84]. Likewise, the
communication partner training (CPT) is a vital modifier
of the connection linking the participation and brain;
therefore, CPT should approach communicative partici-
pation throughout the rehabilitation to strongly reinte-
grate into their everyday post-stroke community
experiences [85].
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Earlier research has registered that CPT enhances and
tackles the adverse psychosocial outcomes for PSA vic-
tims and communication partners. In a survey concern-
ing 122 SLPs with expertise in PSA management, the
majority proclaimed managing a variety of post-stroke
communication dysfunctions. Consequently, approaches
to promote CPT should center on auditing CPT per-
formance, fixing it into policies. Further, when CPT
coaching is unobstructedly available with widespread ac-
ceptance, it will set an imperative element of stroke re-
habilitation [86]. In contrast, in the most contemporary
online survey, research indicated 50% of PSA victims’
family affiliates’ dissatisfaction with the PSA knowledge
and did not remember getting information from the cli-
nicians; therefore, health professionals are warranted to
support better the knowledge demands of family mem-
bers in a written form and via discussions, throughout
the initial times of care [87].

Wang and colleagues validated the significance of im-
mediate and efficient depression screening, therapy, and
stroke rehabilitation and appeared to be fundamental for
recovery and conquering the post-stroke burden among
the survivors. Further, at 90 days follow up, unlike PSA,
there is a precise connection between physical independ-
ence and PSD, gender, and stroke intensity [88]. When
contrasted to conventional psychological mediations, the
E-mental health (EMH) grants useful and cost-effective
mediations that can encompass a broad community
which hence forms an encouraging therapy modality for
the following decade. Despite meeting the bulk of the
overall evaluation and aphasia-specific evaluation stan-
dards, it still needs ample redevelopment to be valuable
to PSA victims [27].

Stepped psychological care offers a regular assessment
and mediations for psychological predicaments in a
structure of four levels for preventing and managing de-
pression among aphasia cases, whereby level 1 incorpo-
rates cases without clinically notable depression and
mild depression manifestations benefit from level 2 me-
diations. In contrast, PSA cases with depression necessi-
tating specialist intervention (moderate to severe) befall
in levels 3 and 4, yet, knowledge breaks on methodo-
logical shortcomings and consolidating stepped psycho-
logical mediation crosswise the continuum prevails [89].
Marshall and colleagues reported the usefulness of the
emerging of the mindfulness meditation bearing benefits
of a low-cost foundation, quick explanation of method
to patients, and capability for extensive application in
clinical usage as a complement to the current language-
focused mediations [90].

In the community aspect, the gap amid approaches ap-
plied by community-based exercise programs and those
suggested in the research (written documents vs. verbal
approaches) and the shortage of equipped staff to
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manage and communicate with PSA victims are still
often recognized as a hindrance to grant access [91]. Eye
movement desensitization and reprocessing (EMDR)
(Fig. 1) offers, among other techniques, alternating bilat-
eral stimulation. The novel findings presented by Guina
and colleagues through a case-based research of a lady
in her fifties with PSA-PSD comorbidity marks EMDR
as an ideal treatment modality for PSA cases with psy-
chiatric pathologies [92].

Limitations and future research directions

While evaluating the studies reported in this review,
there are some limitations to consider. These include
the following: (i) some studies of low quality were incor-
porated as all assembled articles published in the time
frame highlighted in the methodology were reported; (ii)
studies with a small number of participants (case re-
ports) were included; (iii) the researches which give posi-
tive results were prioritized in obtaining some
conclusions; (iv) some reported studies performed only
in a single ethnic group (herbal remedies); and (v) incor-
porated studies may have diverse therapeutic protocols.

Recent neuroimaging studies link PSA recovery with
the neuronal reorganization. Future clinical studies are
warranted to better harness neuroplasticity in the ad-
ministration of CVA and SVA therapy to increase lan-
guage and communication recovery. Further, as
emerging initiatives combining therapies are observed,
future studies in large samples are expected to explore
the optimal dose and timing of different therapeutic mo-
dalities and their role when offered in combination. Fur-
thermore, the concern about the tolerability and safety
of drug options such as AMPH and long-term effects of
the combined treatment in ATX is a matter to be
approached in future researches.

Nevertheless, the emerging NIBS modalities such as
spinal cord in language processing remain controversial,
owing to speculative mechanisms over the corticospinal
system. A sufficient number of cases encompass differ-
ent lesion parameters (unilateral LH lesions) warranted
to declare equivalent beneficial effects and establish the
spinal cord’s role in language processing.

However, as SLT is overwhelmed by insufficient data
on the dosage and intensity, future research investigating
optimal dosage and scheduling parameters is obliged.
Lastly, the forthcoming of E-mental health programs
should be explicitly advanced for PSA cases by incorpor-
ating end-users in the conception and advancement
process to guarantee usability.

Conclusions

There is marked progress in the management of sub-
acute and chronic PSA. NIBS, coupled with SLT, is more
efficient in promoting the recovery means than
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Fig. 1 Compiling six major choices and 30 sub-options for management of chronic and subacute vascular aphasia based on English studies from

-

monotherapy. Among NIBS modalities, rTMS is safe
and exhibiting advantage of effectiveness for both SVA
and CVA, but less cost-effective. The debate on rTMS
frequency authenticates proof on LE-r'TMS efficacy than
the high-frequency rTMS, yet clinical significance levels
are the matter of future determination. tsDCS and cere-
bellar tDCS are promising novel NIBS tools requiring
further researches.

SLT is the cornerstone of subacute and chronic PSA
management, yet the optimal dosage of the emerging
high-intensity therapies is controversial. Technology-
based and telespeech therapies mark PSA treatment’s fu-
ture due to low operating costs, alleviating the remote-
ness obstacle, particularly in the setting where SLPs are
inadequate for chronic PSA. As the current guideline
recommends pharmacotherapy coupled with SLT on a
case basis, no SVA and CVA medications are currently
approved.

Throughout the continuum of care, approximately
50% of PSA victims’ family affiliates report

dissatisfaction with the PSA knowledge given post-
discharge. EMH, EMDR, creating social chains, having a
friendship relationship, and CPT provision are the most
useful approaches in combating PSA-PSD comorbidity,
forming around 60% of CVA cases. Future large, multi-
ethnic, and multicenter RCTs focusing on the neuroplas-
ticity of the CVA and SVA therapies are warranted. Fur-
ther, studies exploring the optimal dose and timing of
different therapeutic modalities and addressing tolerabil-
ity and safety of drug options are necessitated.
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