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Abstract

Primary Progressive Aphasia (PPA) is a cognitive impairment that involves a progressive loss of language
function. Language is a human faculty that allows us to communicate with each other. Our language
functions include speaking, understanding what others are saying, repeating things we have heard,
naming common objects, reading and writing. “Aphasia” is a term used to refer to deficits in language
functions. PPA is caused by degeneration in the parts of the brain that are responsible for speech and
language. PPA progressively worsens to the point where verbal communication by any means is very
difficult. In this review, we synthesized clinical aspects, and classification of PPA, focusing on specific
aspects like therapeutic strategies, for individuals with Primary Progressive Aphasia (PPA) focus on
enhancing communication, supporting participation in daily life, and addressing psychosocial needs.
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Introduction

Itis estimated that 78 million people are projected to be affected by dementia by 2030 [1].
Current infrastructures to provide medical care to this population are frequently insufficient.
The World Health Organization (WHO) Director General, dementia is a “looming... public

health disaster, ‘a tidal wave
before the age of 65 [4,5]. A review by Hendriks et al. [5] determined that approximately

[2,3]. Dementia is classified as young onset when it occurs

370,000 people worldwide are diagnosed with young-onset dementia per year. The prevalence
of young-onset dementia and far-reaching societal implications are significant. Young-onset
dementias, ranging from Alzheimer’s disease to frontotemporal dementia to Parkinson’s
disease, insidiously disrupt mechanisms of communicative competence [6,7] and therefore
warrant speech and language intervention. Despite these differences, the functional impact of
PPA encompasses all variants: A fundamental change and progressive loss to communicative
ability.

Progressive Primary Aphasia
Definition

Progressive Primary Aphasia (APP) is a neurodegenerative pathology that stops an
individual’s linguistic ability due to the selective involvement of the brain network assigned
to language [8]. It is therefore a clinical syndrome characterized by speech and language
disorders caused by the neurodegeneration of linguistic networks. The discussion of
neurodegenerative aphasia remained in suspense until the 1970’s, when British researchers
published several cases of progressive semantic loss, semantic dementia, and Mesulam and
colleagues, first, introduced the term PPA [9]. In 1996, Grossman et al. also introduced the
term progressive non-fluent aphasia, to describe patients with progressive loss of linguistic
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fluency. Over time it was noticed that many patients did not show
the typical characteristics of semantic or non-fluent presentations;
therefore, it was subsequently clarified that most of these subjects
have a third subtype of APP, called the logopenic variant [10].

In 2011, an international group of experts introduced a
common framework in which the APP was classified into three
different variants, based on specific cognitive and neuroimaging
characteristics: semantic variant (svPPA), non-fluent/agrammatical
variant (nfvPPA) and logopenic variant (IvPPA) [11]. Recent clinical-
pathological studies have shown that each variant is associated
with different probabilities of neuropathological alterations and,
rarely, with genetic mutations [12].

A person with APP has a language deficit with an insidious
beginning and mainly shows: Difficulty in finding words and in
using, understanding and constructing the sentence. Language
disability is the most dominant characteristic that affects the
patient’s daily activities. For the diagnosis of APP, a minimum
follow-up of two years is necessary. It is important to emphasize
that patients with aphasic symptoms associated with cognitive
deficits cannot be classified as subjects with PPA, as the symptoms
could be the result of the proper alteration of cognition. Similarly,
if a person does not show aphasic symptoms, but only disorders
of the Language, cannot be associated with APP [13,14]. However,
the APPs share the pathologies with AD, Frontotemporal Lobar
Degeneration (FTLD) with tauopathy and FTLD with TDP-43
protein precipitates [14].

Semantic variant progressive primary aphasia (svPPA)

Between 20 and 25% of patients diagnosed with FTD have
svPPA [15]. Patients with svPPA have loss of knowledge of words
and objects, and deficits are generally more severe for objects
with low frequency of use and low familiarity. Symptoms include
poor performance in comparison naming tests, individual word
comprehension and object and face identification activities [12].
The semantic deficit begins with difficulties in the ,more subtle”
distinctions between things, such as the types of cars, moving on to
the differentiation between the types of vehicles and finally to the
loss of semantic knowledge of what vehicles are [16]. Subsequent
studies have also shown that semantic loss also leads to superficial
dyslexia: A disorder in which patients can read pseudowords but
not words with exceptional spelling. Typical reading errors include
the ,regularization” errors of irregular words. Patients with svPPA
often produce semantic paraphasias and tend to replace specific
words, subordinate (in semantic hierarchies), with generalized
terms, such as replacing ,screwdriver” with ,thing” and , panther”
with ,,animal” [12].

For a decade, it was not clear whether semantic dementia and
fluent APP were different entities. In 2004, Gorno-Tempini etal. [10]
included semantic dementia as one of the three PPA variants and
the term semantic variant PPA (svPPA) was subsequently adopted

by the international working group. This new classification of svPPA
includes the main classic characteristics of semantic dementia, such
as anomie and word comprehension deficits. Supporting diagnostic
characteristics include dyslexia or superficial dysgraphia, impaired
knowledge of objects or faces, and relatively spared language
production and repetition capabilities. Further reports have
described deficits in different categories of objects and modes of
stimuli, such as famous faces, voices, non-verbal ambient sounds,
odors and taste stimuli, sometimes in relation to greater damage to
the right anterior temporal lobe. In general, the distinctive feature
of this disorder is the inability to identify the meaning of stimuli
despite the preserved perception. As svPPA progresses, behavioral
symptoms commonly occur including lack of empathy, personality
changes, disinhibition, mental stiffness, and compulsive behaviors
[12].

In addition to several clinical symptoms, the three main
variants of PPA show distinct neuroimaging characteristics.
Anterior temporal lobe damage in svPPA is identified as volumetric
brain imaging atrophy (MRI) or as Fluorodeoxyglucose (FDG-
PET) hypometabolism. The damage is usually present in the left
hemisphere, which is consistent with naming, word comprehension,
and reading difficulties, but in about 30% of svPPA cases, atrophy is
more severe in the right ATL. The latter will initially have difficulty
identifying family members, recognizing facial expressions and
showing behavioral abnormalities, such as loss of empathy, and
repetitive and compulsive behaviors [12]. Thompson et al. also
stated in 2003 that svPPA typically presents with left anterior
temporal atrophy, but about 25% of cases present a more
pronounced right-hand initial involvement than the left. In both
cases, therefore, the contralateral anterior temporal lobe is affected
by the progression of the disease. As the disease progresses, the
multimodal loss of recognition of the person is also frequently
observed [17].

Behavioral changes are initially present in patients with right-
wing predominance, including lack of interpersonal commitment,
lack of empathy, compulsive behaviors and increased rigidity
expressed by strict schedules and limited food preference. As
the disease progresses, the anatomical damage extends to the
connected brain regions, and then to the posterior temporal lobes,
contralaterally to the initially less involved ATL and anteriorly
to the orbitofrontal regions. Semantic and language disorders
consistently become more generalized, although flu islands may
remain and may be useful for differential diagnosis later in the
course of the disease. Typically, patients develop more obvious
behavioral symptoms, while motor functions are usually spared
up to the final stages, unless svPPA is associated with motor
neuron disease [12]. With regard to the functional capacity of the
person, the semantic deficit and the difficulties of voice and facial
recognition, negatively affect the ability to engage socially, either
through written correspondence, on the phone or face-to-face [18].
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Although these ADLs are often initially compromised, the rate of
progression is typically slower, in fact subjects with svPPA retain
baseline ADL for much longer than patients with bvFTD and nfvPPA
[15].

Driving ability can remain intact until more moderate stages
of the disease, as well as language-mediated activities, despite
the patient’s inability to name the elements or communicate their
intentions [19]. The naming, single word comprehension, category
fluency, and word-image correspondence tests are useful for
isolating the main object loss deficit associated with svPPA [20]. In
addition, svPPA patients make regularization errors when asked to
read aloud or to try their hand at written dictation, where irregular
words are read or written according to the rules of the sound of
letters [21].

Non-fluent variant
(nfvPPA)

progressive primary aphasia

The key features of the nfvPPA variant are tiring language and/
or agrammatism, with a relative saving of semantic knowledge
and understanding of a single word. Neuroimaging shows changes
in the cortical-subcortical network anchored to the left posterior
frontoinsular region, and the disorder is often associated with
the FTLD spectrum of the tau subtype. The key clinical feature of
nfvPPA is a motor speech disorder compatible with speech apraxia
(AOS) and often with dysarthria [11]. Dysarthria is generally of a
mixed type, with characteristics of both hypo phony and spasticity.
Motor language planning difficulties cause speech sound errors
and prosody distortions, sometimes referred to as phonetic and
prosodic AOS [22]. Disturbances of motor language and phoneme
selection also cause: substitutions, transpositions, insertions and
deletions of sound.

The AOS is present especially when performing multiple
repetitions of multisyllabic words that begin with consonant
groups and that have various points of articulation, as in the words
,artillery” or ,catastrophe” (e.g. repeating ,artillery” in quick
succession for five times). Motor language (articulation) deficits
are almost universally the most prominent feature of nfvPPA; when
they appear to be isolated from other speech symptoms, the term
Primary Progressive Word Apraxia (PPAOS) has been adopted.
Agrammatism, the other important feature of nfvPPA, manifests
itself mainly as a decrease in the average length of expression
and a simplified grammar in oral and written speech. Omission of
grammatical morphemes, incorrect use of inflection morphology
and inaccurate order of words in spontaneous speech may also
occur. NfvPPA patients produce fewer verbs than nouns and fewer
functional words (e.g. prepositions, pronouns, conjunctions) than
content words. Language tests show that syntactically complex
sentences, such as passive sentences or embedded and object-
related clauses, are particularly difficult for these subjects to

produce and understand. When the deficits related to agrammatism
are more evident than others, the term agrammatical PPA (AgPPA)
is used.

Patients with AgPPA often show a prominent dysexecutive
syndrome, such as working memory deficits, planning and set-
shifting [12]. Episodic memory and visuospatial abilities are
relatively preserved in the nfvPPA, but may deteriorate over the
course of the disease [15]. Series of longitudinal cases of patients
with relatively isolated motor language deficits, or PPAOS, show
that they eventually develop varying degrees of aphasic symptoms,
suggesting that, in most cases, the PPAOS variant could be an early
presentation within an nfvPPA spectrum, rather than a separate
entity. Pathological studies seem to confirm this hypothesis,
since both nfvPPA and PPAOS are mainly caused by the FTLD-tau
disorder [23]. The acquisition of a language sample is the best
clinical measure to highlight any agrammatisms and a reduced
speed of speech. Aberrant behavior is not usually present in the
initial presentation of nfvPPA, although it may occur with disease
progression [15].

The site of the main brain damage in nfvPPA is in the pars
opercular is of the left lower frontal gyrus (IFG) and premotor
cortex, and atrophy can extend to the related cortical and subcortical
regions, such as anterior insula, prefrontal regions, complex
supplemental motor cortex, basal ganglia, and supramarginal
gyrus. This network has been called the voice production network
(SPN). The differential involvement of specific connections within
this network probably explains the clinical variability within a
non-fluent spectrum disorder: Pure motor (premotor cortex),
agrammatical (prefrontal) or even dynamic (medial frontal)
communication disorders. NfvPPA patients with early mutism have
a cortical volume loss of the entire SPN network [12]. Similarly to
patients with svPPA, speech, writing, and reading impairments
occur early in patients with nfvPPA and significantly affect their
ability to engage in interpersonal interactions. These disorders can
be serious by the second year of the disease.

On the contrary, the basic ADLs remain relatively preserved for
many years. As the disease progresses, patients can become mute
and immobile, with more severe disabilities in understanding the
sentence and following instructions consisting of several phases
[15]. Patients with nfvPPA show fewer deficits in socio-emotional
functioning than patients with svPPA, although recent research
has shown that individuals with nfvPPA have selective deficits
in interpreting emotions from vocal prosody [24,25]. Couto et al.
[26] showed differential patterns of regional gray matter atrophy
associated with cognitive-social deficits among patients with bvFTD
and nfvPPA, suggesting that socio-emotional function deficits in
nfvPPA may be a consequence of a basic dysfunction of facial and
emotion recognition.
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Primary progressive logopenic variant aphasia (IvPPA)

LvPPA represents the third variant of PPA; however, this
syndrome is not classified as FTD given the association of this
syndrome with Alzheimer’s disease [27,28]. The key clinical
feature of the IvPPA is the difficulty in finding words, with pauses in
spontaneous speech, considering the articulation and grammatical
production relatively spared. The main cognitive deficit in IvPPA
is a phonological and verbal disorder of short-term memory;
these deficits manifest themselves with pauses to find words,
with phonological paraphasias in the comparison denomination
(especially for long words) and with difficulty in repeating long
and unfamiliar sentences or strings of words or digits [12]. These
cognitive deficits greatly affect speech disorders in IvPPA, since the
immediate verbal recall is a fundamental factor in the repetition
of sentences and statements and in the understanding of longer
and grammatically complex sentences [15]. The diagnostic criteria
for IvPPA therefore include deficits related to the recovery of a
single word in spontaneous speech, the naming and repetition of
sentences and statements [15].

The differential diagnosis between nfvPPA and IvPPA is more
challenging, since both show varying degrees of impairment
in speech fluency and sentence comprehension. In the nfvPPA,
these deficits are due to deficits related to motor language and
grammatical problems, while in the IvPPA they are probably
secondary to short-term verbal auditory memory deficits. Unlike
pauses in speech of subjects with nfvPPA, pauses of patients with
IvPPA are largely caused by difficulties in finding words, so these
patients, between pauses, present fluent language, with false
departures and hesitations [12]. Sound errors in IvPPA are largely
phonemic in nature (i.e. existing phonemes that are inserted,
omitted or replaced in words) and non-phonetic (i.e. errors that
produce non-existent distorted phonetics). Individuals with IvPPA
struggle in comparison naming tasks, although to a lesser extent
than individuals with svPPA. Other deficits are related to dyscalculia
and ideomotor apraxia [12].

The left Lower Parietal Lobe (LPL), the left posterior temporal
lobe and the left Temporoparietal Junction (TP]) are constantly
involved in IvPPA, as demonstrated by volumetric MRI and FDG-
PET analysis. Naming difficulties in IvPPA are related to the atrophy
of the left middle time turn, while repetition deficits are related to
damage to the temporoparietal junction. A part of these networks
is included in the circuit involved in Alzheimer’s disease, which
supports clinical-pathological and biomarker studies that show
that this syndrome is an atypical variant of Alzheimer’s disease. In

fact, Cerebrospinal Fluid (CSF) analysis shows a consistent pattern
with AD disease. PET molecular studies have also confirmed the
presence of amyloid deposit in about 90% of patients with lvPPA
[12].

LvPPA often progresses to global aphasia, with episodic memory
impairment, disecutive and visuospatial dysfunction, similar to
the clinical picture of the patient with early-onset Alzheimer’s
disease. Anxiety, irritability, agitation and depression have also
been reported, while frank disinhibition and lack of empathy are
rare [12].

Language tests to evaluate the APP

The nfvPPA is determined using activities focused on grammar,
sentence comprehension and linguistic articulation. Activities such
as describing images, storytelling, and producing sentences help
measure grammatical structure, accuracy, speed of speech, and
the type of specific errors in word selection and articulation. The
repetition of multisyllabic words and spontaneous speech activities
are used in the evaluation of the type of speech sound errors, the
factors that influence the articulation and the presence of speech
apraxia. Matching images, following directions and answering yes/
no questions, help evaluate the factors that affect grammatical
complexity and understanding.

Similarly, svPPA is determined using activities focused
on language functions such as naming, object knowledge,
understanding individual words, spelling, and reading. Activities
such as retrieving words from images, sounds, smells, etc. are
helpful in understanding the error rate, the delay in naming, and
the factors that affect naming. The combination of words with
images, definitions and synonyms, help to measure the factors that
influence understanding. The matching of images with images and
sounds, the matching of gesture to the object, and word association
activities, are useful for measuring factors that affect knowledge
of the object such as familiarity and semantic category. The
IvPPA is determined using activities based on repetition, naming
and spelling. Tasks such as the repetition of words, not words,
sentences and statements, the retrieval of words and reading, are
useful in measuring the factors that affect the articulation and type
of phonemic errors [11].

Diagnostic-linguistic criteria of the three variants of APP

Table 1 shows a summary of the main criteria elaborated by the
international consortium in 2011 for the diagnosis of APP and the
three respective variants [11].
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Table 1: Summary of international consensus criteria for clinical diagnosis and classification of progressive primary

aphasia.

The most important clinical characteristic is a difficulty with language (loss of Knowledge of the object, difficulty in finding words,
paraphrase, tiring language and grammatical deficits).

Language deficits are the main cause of impaired daily activities.

Aphasia should be the most evident deficit at the onset of symptoms and for the early stages

Of the disease (behavioural deficits, Of Memory And/or Visuospatial

Prominent should not be present at the beginning). No other condition represents better the linguistic deficits present (i.e. non-degenerative
conditions or Psychiatric).

Denomination of comparison and understanding of compromised single words, explained by the loss of semantic knowledge.

At least three of the following additional features: Object compromise, in particular for low-frequency articles;

Dyslexia or surface dysgraphia; Repeat saved;

PPA

Saved vocal production (grammar and language motor).

Agrammatic or motor speech disorders with strenuous and interrupted language and inconsistent language sound errors (language aphasia).

At least two of the following additional features: Altered comprehension of sentences

Syntactically complex; Comprehension of a single saved word; Saving knowledge of the object.

Impairment of the retrieval of a single word in spontaneous speech (speech fluency interrupted by word search pauses) and conflicting
naming and compromised repetition of phrases and phrases

At least three of the following additional features:

Vocal (phonological) errors in spontaneous speech and denomination;

Saved Understanding Of One Alone Word And knowledge of the object;

Spared motor speech;

Absence of frank agrammatism.

Therapeutic strategies for PPA

There is growing evidence to support the effectiveness of
speech-focused rehabilitation therapy in APPs, with or without the
addition of non-invasive brain stimulation [12]. This intervention
is important because PP and speech disorder in other NDDs
are the main stressors for patients, caregivers and therapists
[8]. In the nfvPPA, motor language disorders and agrammatism
showed positive effects in subjects undergoing structured oral
reading tasks training and video-implemented script training for
aphasia therapy. Lexical recovery treatments are one of the most
widely explored non-pharmacological therapies in these cases. To
maximize its therapeutic effects, it is essential to focus on spared
language skills, such as phonological and autobiographical memory
processes in svPPA and semantic memory capabilities in IvPPA. A
recent study shows that naming intensive care is associated with
increased bilateral activation at post-treatment functional magnetic
resonance imaging [12].

The structured oral reading strategy is used for word retrieval,
for better production of multisyllabic words and for grammatical
processing in nfvPPA. The inability to retrieve words, especially
verbs, seriously alters the wording of the sentence. This is
overcome through structured word learning. This results in

improved sentence production and is limited to the strategy used.
In addition, the accuracy of the sentences used as training, helps
in the production of sentences with similar syntactic structure
(this process is known as generalization). It has been shown that
the combination of transcranial Direct Current Stimulation (tDCS)
with linguistic production activities, ensure better treatment for
PPA [8], tDCS is a mechanism that alters the membrane potentials
of the neurons of a target brain area and helps in the activation
of the neural circuit. Neural activation increased by tDCS enables
the brain to recruit undamaged areas to take on the functions of
damaged ones. These changes are significantly associated with
better language performance during reading and naming tasks.

Lasting improvements have been recorded in certain language
performance, especially in verbal word learning, thus confirming
memory formation after several sessions. So, while memory decline
is one of the main causes of speech dysfunction, tDCS offers a
promising intervention in the treatment of these NDDs, decreasing
the degree of decline in neurodegeneration [8]. PPA served as a
model to demonstrate that targeted cognitive therapy can be useful
for improving and delaying the progression of cognitive symptoms
in neurodegenerative disorders [12]. In Table 2 (the best practice
principles for speech -language therapists/pathologists).
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Table 2: A description of the best practice principles for speech-language therapists/pathologists working with primary

progressive aphasia (Ruggero et al.) [34,35,38].

Principle

Applications

Knowing people deeply

Understanding a person’s values, environment, and systems of support to explain a diagnosis, tailor
collaborative and person-centered plans of care, and provide informational counseling

Preventing disasters

Providing timely specialist referrals and anticipatory care

Practical issues

Working with person and the people who surround them to identify possible barriers to enhance long-
term management and deliver accessible and comprehensive care

Professional development

Refining personal understanding, skills, practices, and role in service provision

Connectedness

Connecting to other service providers or peer groups to optimize interdisciplinary support

Barriers and limitations

Identifying and advocating to address gaps, limitations, and failures in diagnoses, management, referrals,

and interdisciplinary care

Peer support and mentorship towards a
shared understanding

Providing training and peer mentorship to ensure ongoing education and improvement of practice

Conclusion

A review by Abdulrahim Saleh Alrasheed and colleagues
investigated the safety and efficacy of various therapeutic
interventions for Primary Progressive Aphasia (PPA). The review
demonstrate that several therapeutic interventions are effective
in improving language function in individuals with PPA. Speech-
language therapy, when combined tDCS, has been associated
with consistent gains in naming ability, speech fluency, and
lexical retrieval. Group-based therapy approaches have also
shown beneficial effects in enhancing both communication skills
and social interaction. The NIBS, when used alone, has shown
limited effectiveness, and pharmacological interventions have not
substantial improvements in language function. These findings
support the adoption of personalized, multimodal therapeutic
strategies that integrate behavioral and neuro-modulatory
interventions to optimize communication outcomes in individuals
with PPA [29]. The capacity to communicate is a feature of the
human experience. A behavioral approach to the care of people
living with PPA (PwPPA) is paramount to enhance, maintain, or
compensate for communication loss. There is no curative treatment
available for this condition [30].

Speech and language therapy is the primary intervention
that can slow down the behavioral impact of symptoms, which
impacts positive, on quality of life. Such intervention has been
shown to maintain communication abilities for longer through
both compensatory and restitutive approaches [31,32]. Speech and
language therapy is imperative to optimize possible improvements,
maintenance, and compensation for decline in linguistic capacity
faced by PwPPA [33,34].

Speech-language therapists/pathologists  (SLT/Ps) are
recognized as central specialists in the care of PwPPA with roles
in the diagnosis and coordinated care of the condition [30,34-38].
Kate Swaffer, founder of Dementia Alliance International (DAI), and
person living with the semantic variant of PPA, has spoken publicly
about the pressing need for SLT/Ps to be consistently integrated in
the care of those living with the condition. “People with dementia
who will almost all have language and speech changes, need

proactive speech pathology after diagnosis, not just a speech
pathologist to attend when we can no longer swallow well nearer
to the end of life... this is how [ have managed to still speak as well
asdo.” [39].

Behavioral interventions such as language and speech
therapy, however, are outside the clinical context and are non-
pharmacologicalinnature.Bothbehavioraland clinicalinterventions
help in language recovery. It's necessary a multidisciplinary
approach of the perspectives of general practitioners, neurologists,
neuropsychologists, and other team members in the care of
PwPPA, for identify and hopefully reduce possible obstacles in the

comprehensive care necessitated by this condition.
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