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Abstract

Background and purpose: Logopenic variant primary progressive aphasia (IvPPA) is a
major variant presentation of Alzheimer's disease (AD) that signals the importance of
communication dysfunction across AD phenotypes. A clinical staging system is lacking
for the evolution of AD-associated communication difficulties that could guide diagnosis
and care planning. Our aim was to create a symptom-based staging scheme for IVPPA,
identifying functional milestones relevant to the broader AD spectrum.

Methods: Aninternational IvPPA caregiver cohort was surveyed on symptom development
under an ‘exploratory’ survey (34 UK caregivers). Feedback from this survey informed
the development of a ‘consolidation’ survey (27 UK, 10 Australian caregivers) in which
caregivers were presented with six provisional clinical stages and feedback was analysed
using a mixed-methods approach.

Results: Six clinical stages were endorsed. Early symptoms included word-finding

difficulty, with loss of message comprehension and speech intelligibility signalling
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INTRODUCTION

Communication difficulties are a significant clinical issue across the
phenotypic spectrum of Alzheimer's disease (AD) [1-5] but most
salient in its language-led variant, logopenic primary progressive
aphasia (IvPPA) [4-6]. Language and communication functions are
not comprehensively captured by standard clinical rating scales
developed for typical AD [7]. It has recently been shown that
symptom-based staging informed by lived experience is feasible for
other primary progressive aphasia (PPA) syndromes [8]; however, a
similar tool to signpost the evolution of communication problems
is lacking for IVPPA. This is particularly urgent with the advent of
disease-modifying therapies for AD, as the eligibility of individuals
with IvPPA and other forms of ‘atypical’ AD remains unclear [9] and
may be confounded by misleadingly poor performance on standard,
language-weighted cognitive tests.

Here a new, clinical, symptom-based staging scheme for
IVPPA is presented, informed by surveyed caregivers and empha-
sizing cognitive and functional ‘milestones’ of illness onset and

progression.

METHODS
Exploratory survey

Following previously described methods [8], two of the authors
(CJDH and JDW) suggested an initial list and sequence of symp-
toms associated with IVPPA, based on (i) clinical observations
within the PPA cohort at the Dementia Research Centre; (ii) thor-
ough examination of case notes for patients with IvPPA seen in
the Specialist Cognitive Disorders Clinic at the National Hospital
for Neurology and Neurosurgery, University College London;
and (iii) a narrative review of the published literature on IVPPA,
as summarized in the Introduction. Symptoms encompassed as-
pects of verbal communication (A) and non-verbal functioning
(including non-verbal thinking and personality, B1; and personal
care and wellbeing, B2). Qualitative input on these symptoms was
gathered from members of the UK national PPA Support Group
[10], via an online survey hosted on the Opinio platform. Data col-
lection took place between October 2018 and January 2019, and
respondents comprised 34 caregivers of individuals with IVPPA,

later-stage progression. Additionally, problems with hearing in noise, memory and
route-finding were prominent early non-verbal symptoms. ‘Milestone’ symptoms were
identified that anticipate daily-life functional transitions and care needs.

Conclusions: This work introduces a new symptom-based staging scheme for IvPPA, and
highlights milestone symptoms that could inform future clinical scales for anticipating and

managing communication dysfunction across the AD spectrum.

Alzheimer's disease, logopenic, primary progressive aphasia, staging

all of whom had longstanding personal contact with the patients
whose illness they described. Using findings from this exploratory
survey, the list of symptoms was broadened and a preliminary six-
stage framework was devised for ordering functional impairment
symptoms specific to IVPPA, ranging from stage 1 (least severe) to
stage 6 (most severe). To assist caregivers with their responses,
descriptions of the daily-life consequences for each stage were in-
cluded. These descriptions were derived from the Reisberg Global
Deterioration Scale [11] and descriptors used previously in stages
for two other rare dementias: posterior cortical atrophy and fron-
totemporal dementia [12, 13] (see Table S1).

Consolidation survey

These provisional stages were next entered into another online,
mixed-methods ‘consolidation’ survey, designed to collect data that
would allow the provisional staging framework to be refined. This
second survey was improved for comprehensibility and presentation
based on (i) published guidelines for online survey research design
[14] and (ii) feedback from the exploratory survey. This survey was
also hosted on the Opinio platform and was distributed via email
to caregivers who were members of the UK PPA Support Group
as well as PPA support groups in Melbourne and Sydney, Australia.
Both current and bereaved caregivers were included in the survey
to capture information about late-stage disease. Data were col-
lected between February 2020 and April 2020 for UK PPA Support
Group respondents and between January 2021 and May 2021 for
Australian support group respondents. As before, all caregivers had
longstanding personal contact with the patient whose illness they
described.

In the first section of the survey, caregiver respondents selected
that the diagnosis of the person they were answering the survey
about was IVPPA. They then provided information about their re-
lationship to the patient, and the patient's age at the time of the
survey, at symptom onset, when first medically assessed and when
diagnosed.

In the second section, symptom lists under each stage were
presented. The symptom labels presented here are given in full in
Table S2. For each symptom, survey respondents were asked to
indicate whether (based on proximity to the other symptoms and
overarching stage descriptor; Table S1) the symptom began at the
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stage to which it had provisionally been assigned, if it began at an
earlier or later stage (and, if so, which one) or if it was absent al-
together. For each stage, participants were asked to indicate the
overall duration of that stage. Recognizing that respondents with
patients in earlier stages of illness might not recognize most symp-
toms assigned provisionally to later IvPPA stages, and to prevent
potential distress by confronting respondents with unanticipated
symptoms, respondents were permitted to discontinue this section
of the survey at any point. The point at which the respondent chose
to discontinue this section of the survey was considered indicative
of the patient's current IvPPA stage. Participants were able to re-
view and edit their responses at any point via a ‘Back’ button.

In the final section of the survey, respondents were presented
with a representative list of symptoms present (1) in the other PPA
variants on which there has been a previous publication [8] (sam-
pling each of the domains A, B1 and B2) and (2) (mainly as an internal
‘control’ to assess response bias) in a staging system for a clinically
distinct, ‘visuospatial’ dementia (posterior cortical atrophy) [12]:
for each of these symptoms, caregivers were again asked to indi-
cate whether the symptom was present and, if so, to which stage it
should be assigned. Respondents were also given the opportunity to
make additional comments about symptoms not covered elsewhere
in the survey, and their impressions of the staging system in its cur-
rent form, for the purpose of qualitative analysis.

Quantitative analysis of survey responses

For each symptom in the consolidation survey, the percentage of
respondents who had declared that symptom to be ‘present’, regard-
less of the stage at which it was endorsed, was calculated; a symp-
tom was retained only if a majority (at least 50%) of caregivers who
provided a response to a given symptom reported it was present at
some stage. The percentage of respondents who judged that each
symptom had been assigned to the correct stage was also calculated:
if a majority considered that a symptom should be reassigned to an
earlier or later stage, it was reassigned accordingly. If a symptom was
jointly assigned to more than one stage (i.e., if the majority was tied
across two or more stages), it was retained only at the earliest stage
(because, generally, the earliest appearance of a symptom is most
relevant for planning care needs and/or signalling disease progres-
sion). ‘Confidence’ of staging for each symptom was assessed as the
proportion of respondents endorsing that symptom in its final stage

assignment.
Selection of functional ‘milestone’ symptoms
From the full list of symptoms that were retained for inclusion in

the staging system, ‘milestone’ symptoms that were likely to signal

significant illness transitions relevant to occupational and social

activities, personal needs and other aspects of daily-life functioning

were identified.

Qualitative analysis of survey responses

Caregiver comments on the exploratory and consolidation surveys
were analysed qualitatively using framework analysis [15, 16]. A ten-
tative framework was proposed by one of the authors (CJDH) after
familiarization with a wider dataset, including qualitative responses
to the surveys completed by caregivers for people with other PPA
syndromes, described previously [8]. This initial coding framework
was then applied to 20% of the dataset, which was then reviewed
by another author (EH). Discrepancies or alternative interpretations
were reviewed and discussed until a consensus was reached. Based
on this consensus, a thematic framework was developed using ta-
bles of data in Microsoft Excel (v2016) and applied to the full IvPPA
survey dataset.

Ethical approval

Data collected from UK PPA Support Group members were col-
lected under the Rare Dementia Support Impact Study, a proto-
col for which has been published separately [17]. Ethical approval
was granted by the University College London Research Ethics
Committee (8545/004: Rare Dementia Support [RDS] Impact
Study). Additional local site approval for support group members
in Sydney was granted by the South Eastern Sydney Local Health
District HREC (2020/ETH02530). All respondents gave informed

consent, following Declaration of Helsinki guidelines.

Data sharing

The data that support the findings of this study are available on re-
quest from the corresponding author. The data are not publicly avail-
able as they include information that could compromise the privacy

of the research participants.

RESULTS

Demographic and clinical characteristics for the consolidation sur-
vey cohort are presented in Table 1; characteristics of the stages
endorsed in the consolidation survey are presented in Table 2. The
final stages are presented in Figure 1 and associated milestone
symptoms in Table 3. Raw data supporting the stage assignments
are shown in Table S2, and themes, subthemes and illustrative
caregiver comments from the qualitative framework analysis in
Table 4.
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Mean age of symptom onset for patients comprising the consol-
idation survey cohort was 63.4 (standard deviation 7.65) years and

mean delay to diagnosis 2.66 (1.89) years.

TABLE 1 Breakdown of demographic and clinical characteristics
for the cohort included in the consolidation caregiver survey.

N/mean (SD)
UK cohort (n) 27
Australian cohort (n) 10
All survey caregiver respondents (n) 37
Caregiver respondents for deceased patients 2
Relationship status (partner/other, n) 28/82
Age at which first symptom noticed 63.41 (7.65)
Age at first GP appointment 64.72(7.74)
Delay seeking medical advice (years) 1.31(1.45)
Age at diagnosis 66.08 (7.63)
Time to diagnosis (years) 2.66(1.89)

Age at survey 69.71 (6.73)°

Note: The table shows demographic and clinical characteristics for the
patient cohort unless otherwise indicated. Mean (standard deviation)
data are presented unless otherwise specified. Not all questions were
answered by all respondents, and missing data are coded as follows:
2n-1; Pn-2.

Abbreviation: GP, general practitioner.

Symptom-based stages and functional milestones

The six-stage framework (Figure 1) was endorsed by the con-
solidation survey cohort. As anticipated, symptoms relating to
communication were present at stage 1; earliest symptoms in-
cluded difficulty conversing in stressful situations and recalling
names, and a tendency to lose the thread of what one was say-
ing, as well as non-verbal symptoms relevant to communication
function, notably increased difficulty hearing in noise and social
withdrawal. Additionally, other non-verbal symptoms relating to
episodic and topographical memory, numeracy, praxis and mood
were endorsed as early as stage 2. Difficulties with visual percep-
tion were endorsed from stage 3, and increased dependency with
personal care (e.g., needing assistance with dressing) from stage
4. Respondent consensus on symptom staging was good for early
and late stages but reduced at intermediate stages (stage 1, mean
average 73%; stage 3, 53%; stage 6, 86%) (Figure 1). Survey re-
spondents were also asked to estimate the duration of each stage;
means, standard deviations and ranges for each stage are pre-
sented in Table 2.

For each stage, milestone symptoms with significant impli-
cations for daily-life functional transitions and care needs were
identified (Table 3). Milestones were linked to communication
and (from stage 2) non-verbal functions; sequentially, these are
likely to impact ability to work (stages 1 and 2), live independently

(stages 3 and 4) and maintain quality of life with severe cognitive

TABLE 2 Characteristics of the six
stages endorsed by the cohort included in
the consolidation caregiver survey.

N symptoms
Stage N patients endorsed Estimated stage duration (years)
Stage 1 1 5 2.26 (1.68)
Range 6 months to 8years
N=29
Stage 2 5 10 1.75 (1.10)
Range 6 months to 4years
N=21
Stage 3 4 8 1.63(1.03)
Range 4months to 3.5years
N=13
Stage 4 14 11 1.02 (0.53)
Range 2months to 1.5years
N=7
Stage 5 4 9 1.33(0.76)
Range 6 months to 2years
N=3
Stage 6 9 3 No data

Note: The table shows the characteristics of the six stages endorsed by the cohort included in

the consolidation caregiver survey. The N patients column gives the number of patients estimated
to be in that stage at the time of the survey or at death (see text for details). The N symptoms
endorsed column gives the number of symptoms adopted under each stage by the cohort. The
Estimated stage duration column only includes data for caregiver respondents for patients who

had progressed to at least the next stage, that is, the estimated duration of stage 1 does not
include an estimate for the person still in that stage. This question was not compulsory and several

respondents felt unable to put a value on this.
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Stage Symptom Symptom placement (%) Confidence
Difficulty finding names | V7 83%
Losing the ‘thread’ of sentences | V74 1 75%
1 Social withdrawal [ YA A 54%
Difficulty speaking in stressful (e.g. public) situations | V77 67%
Increased hearing difficulty in noise | A7) 87%

Conversation often contains pauses [ P/ /7777777777777 77777771 | 72%

Spelling errors [ YA/ 7777770 ] 70%
Difficulty with numerical tasks SIS | 72%
More forgetful [ PA77Z7Z7Z7ZZZZZZZZ1 ] 62%
Difficulty using computer [ WAZZ/AZ/A/ZAA/ZZ/Z7Z7Z777Z ] 62%
Difficulty findingway [ VAZZZZZZ7ZZZZZZZ7ZZZZ1 ] 61%
Mood changes [ BZ7Z7ZZZZZ/Z/ZZZ7Z7Z7Z7Z7Z7zZ771 ] 70%
Loss of pleasure in reading 52%
Difficulty assembling new devices / objects [ WAAAAZZZZZZ7ZZ7Z1 T 58%
Mispronouncing words | K777/ ] 77%
] Difficulty understanding longer sentences [ (27777 I 74%
Written grammatical as well as spelling errors 2222277 R 37%
Multi-stage tasks more difficult FZZZZZ7Z7Z77] [] 69%
Difficulty finding items in cupboards, etc [ V777777777 I ] 38%
Difficulty judging distances, e.g. when driving [ 22727 [] 68%
Difficulty distinguishing coins [ 2227 [ ] 41%
Confuses left / right [ VA [ 1 44%
L | Better able to see moving than static objects (or vice versa) [ A4 [ ] 53%
Difficulty understanding questions [ [ 62%
Unable to write / draw [ [ 54°%
Changes in sleeping patterns, e.g. napping 7777 [ ] 61%
Difficulty understanding complex or less frequent words 63%
Sometimes seems ‘vacant’ [ FA [ ] 68%
Confusing ‘Yes’ and ‘No’ [ | 61%
Walking more slowly [T [ | 62%
Needs help dressing [ [ | 70%
Paces restlessly 4] I 67%
Uses some ‘made-up’words 4 | 53%
Difficulty recognising familiar people [ [T 50%
Difficulty understanding even simple messages [ [ 75%
Sparse, largely unintelligible speech [ [ 75%
Difficulty reading simple words [ 43%
Movements generally stiff and effortful [T G 77%
5 Needs help with basic life activities, e.g. eating, washing [ [ [ 77%
Difficulty positioning body in space [ [ NG 55%
Urinary / faecal incontinence [ [N 60%
Poor balance [ 73%
Difficulty swallowing [ ENNREEEE 89%
Non-verbal sounds in place of speech [ INNIEEENEEGEGEGEGEGEGEGEGEGEEEEEEEEEEEEEE 70%
E Needs all basic life activities to be done for them [N 89%
Largely immobile I NEEEEEG 100%
0% 20% 40% 60% 80% 100%

FIGURE 1 Symptom frequencies and confidence in symptom placement by clinical stage for logopenic variant primary progressive
aphasia. A symptom was retained only if a majority (at least 50%) of caregivers who provided a response to a given symptom reported it
was present at some stage of the illness (see Appendix S1, Table S2, for complete symptom list). Boxes on the left-hand side denote stages,
numbered 1 (very mild) to 6 (profound). Written symptom labels and bars are colour-coded based on domains of verbal communication (grey
scale) and non-verbal functioning (non-verbal cognition and behaviour, red; personal care and well-being, blue). Horizontal bars indicate the
percentage of respondents to a given symptom who indicated that symptom to be ‘present’, with subdivisions of each bar reflecting the
proportion of respondents indicating that symptom to be present at a specific stage. Percentages in the ‘confidence’ column were calculated
as the percentage of people who had responded that a given symptom was present who endorsed placement of that symptom in its final
stage (i.e., the highest agreement achieved for placement of that symptom); this varied across stages (stage 1 mean average, 73%; stage 2,
66%; stage 3, 53%,; stage 4, 61%; stage 5, 69%,; stage 6, 86%). Symptoms have been ordered within stages in descending order of overall
frequency.
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TABLE 3 Clinical stages with milestone symptoms in logopenic variant primary progressive aphasia.

Stage Functional milestone symptoms Daily-life implications Care needs
1. Very mild Communication e Problem becomes noticeableto e Speech and language therapy
o Difficulty finding names others (communication strategies)
e Difficulty speaking in stressful situations e May need to stop work (if e Occupational and financial counselling
e Increased difficulty hearing in noise depends strongly on verbal e Psychological support/counselling
competence) e Support groups (combat isolation,
share strategies)
2. Mild Communication o Will generally need to stop e Speech and language therapy
e Mispronouncing words work (a range of occupations (communication strategies)
Other potentially affected) e Occupational therapy assessment in
e Difficulty with numerical tasks home environment
e Difficulty using computer o Navigational aids
e Difficulty finding way e Psychological support/counselling,
e Difficulty assembling new devices/objects support groups
3. Moderate Communication e Requires adapted e Speech and language therapy
e Difficulty understanding longer sentences communication (communication aids)
Other o Will often need to stop driving e Transport assistance
e Difficulty finding items in cupboards etc. e Accessible (non-verbal) social
o Difficulty judging distances, e.g. driving activities, e.g. art, music
e Supervision with medications and meal
preparation
e Assistance with finances, other
personal administrative tasks
e Psychological support/counselling,
support groups
4. Severe Communication e Care support will often be e Part-time carers and supervision

5. Very severe

6. Profound

e Difficulty understanding questions
Other

e Needs help dressing

o Difficulty recognizing familiar people

Communication

e Difficulty understanding simple messages

e Sparse, largely unintelligible speech

Other

o Needs help with basic life activities, e.g.
eating, washing

e Urinary/faecal incontinence

e Poor balance

o Difficulty swallowing

Communication

e Mute except for non-verbal sounds

Other

o Needs all basic life activities undertaken
on their behalf

e Largely immobile

necessary

e Residential care will often be
necessary; marked restriction
of activities and dependency in
daily life

o Severe frailty

e Full dependency
o Very severe frailty

e Speech and language therapy
(communication aids)

e Psychological support/counselling,
support groups

o Full-time carers and supervision

e Speech and language therapy
(assessment of swallowing, nutrition,
non-verbal communication strategies)

e Occupational therapy and
physiotherapy assessments, mobility
aids

e Continence management

e Psychological support/counselling,
support groups

e Complete nursing care with
assessment of nutrition/indication
for assisted feeding, complications of
immobility etc.

e Psychological support/counselling,
support groups

Note: The table identifies ‘milestone’ symptoms with significant implications for daily-life functioning and care in logopenic variant primary
progressive aphasia (IvPPA), and the clinical stages at which these first develop (described more fully in Figure 1). Respondent consensus on

milestone symptom staging was high across stages, with the best-performing milestone symptom (in terms of consensus as to this symptom being
placed in the correct stage) as follows: stage 1, ‘Increased hearing difficulty in noise’, 87%; stage 2, ‘Mispronouncing words’, 77%,; stage 3, ‘Difficulty
understanding longer sentences’, 74%; stage 4, ‘Needs help dressing’, 70%; stage 5, ‘Difficulty swallowing’, 89%; stage 6, ‘Largely immobile’, 100%.
Care needs (last column) will vary substantially between individuals, particularly in earlier stages, and subsume the needs of the individual affected
by IVPPA, that individual's caregivers and their interaction; a number of the items listed are multi-componential, with stage-dependent emphasis
(e.g., psychological support may entail adjustment to the diagnosis and loss of independence earlier on, and coping with social isolation, altered
relationships and caregiver depression in later stage disease).

and neurological disability (stages 5 and 6). Additional specific lan- difficulty (stage 1), spelling errors (stage 2), grammatical errors

guage symptoms may help clinicians assign a stage in suspected (stage 3), difficulty understanding questions (stage 4) and unintel-

IVPPA (Figure 1): these include relatively isolated word-finding ligible speech (stage 5).
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TABLE 4 Qualitative framework analysis: themes, subthemes and illustrative comments from caregivers of patients with logopenic
variant primary progressive aphasia.

Theme/subtheme Illustrative caregiver comments

Theme 1: Impact and experience of symptoms

Emotional impact of ‘She occasionally gets upset and tearful which is new for her. Even when she had cancer | never saw her upset or
the condition negative. She realizes this is not going to be pleasant and | think that worries her greatly. For me the frustration is
that there is little | can do to slow this down’

Earliest symptoms ‘I had noticed a struggle for words and some memory loss for a good 2/3years leading up to diagnosis’
noticed
Adding additional ‘Relatively, my person is still physically well. Sometimes | think, because she can't see very well, that slows her down
information and prevents falls for instance but makes toileting problematic at times. All her movements are slower and it's hard
about symptoms to keep her moving’
already listed in
the stages
Adding descriptions ‘She has a voracious appetite and has since about stage 2’
of symptoms not
included

Theme 2: lliness progression/trajectory

Fluctuations in ‘In our case there have been quite long periods of stability, then a sudden worsening. Sometimes this seems to have
decline been brought about by a change to routine or an outside event, a domestic problem (something breaking down),
staying away from home even for a short period. The condition then settles down again but doesn't return to what
it was before’

Speed of progression ‘It definitely seems like the first couple of years are gradual—and it is hard to notice changes until you look back after a
year and realize they can't do that anymore, or have been struggling—like driving. Infections/delirium can massively
exacerbate the illness and speed it up’

Theme 3: Experience of doing the research

Difficulties ‘| feel | haven't been much help. In hindsight, many personality things of Mum might have been a sign years and years
answering ago. Or they might have been just the way she is. Many things listed she is a million miles away from experiencing,
questions on whilst others listed affect her all day every day’
behalf of the
patient

Difficulties with the ‘I found it very difficult to answer many questions, as the descriptions given of the proposed stages rarely
way the survey corresponded to the actual progression of my partner (or of other friends living with PPA) and seemed to be
was designed based on pre-existing assumptions about the course and symptoms of the disease. Has any thought been given

to using free descriptive text? | could more easily write a descriptive, chronological narrative. | really question the
methodology used here’

Theme 4: Utility of the stages

Perceived strengths ‘1 do thank you very very much for compiling the stages. It really does help to give an understanding of PPA and the
of the stages future and also increases my patience when | realize it is condition related and not just her being irritating. Haha'

Perceived limitations ~ ‘Regarding staging, the difficulty is like trying to decide where the boundaries lie between yellow, orange and red in
of the stages the rainbow—making sharp boundaries between items on a continuous “spectrum” can only be approximate. But |
understand the need to try!

Theme 5: Suggestions for further development/dissemination

Incorporating care ‘Reference to types of therapies that may be helpful at later stages—input from neuro physios and neuro occupational
milestones/ therapists so that appropriate physical and other sensory therapies can be used when other activities become too
appropriate difficult or do not maintain interest. Thank you for doing this’
therapies into
the stages

Aligning stages with ‘I think this is great but maybe would be also useful to add what the person IS still able to do as well as CAN'T’
intact abilities

Acknowledging ‘Thank you for doing this work. It feels like there will be a lot of variation from person to person—and their
individual circumstances. For example as my mother was initially living alone issues with planning executive function may
differences have come earlier compared to if my father had still been alive as | think he would have without even noticing taken

some of this on and therefore ‘covered-up’ these difficulties’

Note: The table presents themes and subthemes identified in the qualitative framework analysis, with illustrative quotations representing each
subtheme from caregivers of people living with logopenic variant primary progressive aphasia.

Abbreviation: PPA, primary progressive aphasia.
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Comparison with other PPA syndromes

Increased difficulties with hearing in noise, memory and naviga-
tion developed earlier and problems with mobility and sleep began
later in IVPPA than previously reported in other PPA syndromes
[8]; spelling errors were an early feature across syndromes, whilst
loss of meaningful communication and impaired walking, self-care,
swallowing and continence were late-stage features across all PPA
syndromes.

Of the 15 additional ‘control’ symptoms relevant to posterior
cortical atrophy presented in the survey, six (reflecting non-verbal
parietal lobe functions, i.e., relating to praxis and visuoperceptual
awareness) were endorsed by caregivers for inclusion in the stages
for IvPPA (Table S2), compared with two for semantic variant PPA
(svPPA) and four for nonfluent variant PPA (nfvPPA) [8].

Spotlighted a subtheme, ‘Acknowledging individual differences’,
that was identified by caregivers for patients with IvPPA but not
other PPA syndromes.

Qualitative analysis of survey responses

The qualitative framework comprised five major themes identified
in our previous analysis of nfvPPA and svPPA qualitative responses
[3] (Table 4): (i) impact and experience of symptoms; (ii) illness pro-
gression/trajectorys; (iii) experience of doing the research; (iv) utility
of the stages; (v) suggestions for future development/dissemination.
Thirteen subthemes were identified within these major themes, and
together themes and subthemes encompassed respondents' experi-
ences of living with IVPPA and of the staging survey, and their sugges-
tions for further development/dissemination. One subtheme under
‘Suggestions for further development/dissemination’ was identified
for IvPPA that was not present for nfvPPA/svPPA (‘Acknowledging
individual differences’) and one subtheme identified for nfvPPA/
svPPA was not identified for IvPPA (‘Importance of how and when
information is accessed’).

DISCUSSION

Here a six-stage scheme and candidate milestones for signposting
symptom onset and functional progression in IVPPA have been pre-
sented, based on the lived experience of caregivers. Early symptoms
included problems with hearing in noise, situational word-finding
difficulty with loss of message comprehension and speech intel-
ligibility signalling later-stage progression. Additionally, problems
with memory and route-finding were prominent early non-verbal
symptoms, and (as in other PPA syndromes [8]) late-stage disease
was characterized by generalized impairments of communication,
cognition, mobility and self-care, leading to full functional depend-
ence. The lengthy mean diagnostic delay (2.66years) underscores

the need for new clinical markers of IvPPA.

Neurobiologically, the symptom sequence identified here fits
with the known spread of AD pathology through temporo-parietal
cortices [18], overlapping phenotypically with posterior cortical at-
rophy (the ‘visual variant’ of AD) and typical memory-led AD [19, 20].
Our findings corroborate recent formulations of IvPPA as a multidi-
mensional AD phenotype within the wider syndromic spectrum of
AD, grounded in shared neural network anatomy [19-22]. Syndromic
phenotypes converge with disease progression: for example, a lan-
guage profile similar to IvPPA develops in posterior cortical atrophy
[2], the AD-linked communication phenotype evolving at different
rates across syndromes.

This work highlights the phenotypic breadth of IVPPA: certain
features, such as early impairment of hearing in noise, are highly
relevant to daily-life communication but not part of standard as-
sessments of language function in AD, or indeed current consensus
diagnostic criteria for IvPPA [4]. These findings corroborate previ-
ous findings of a complex auditory phenotype in IvPPA that encom-
passes impaired phonemic processing [23, 24] and dichotic listening
[25], with deficits in the disambiguation of foreground sounds (e.g.,
speech) from background noise now having been identified across
the AD spectrum [26, 27]. In patients with these difficulties, an im-
portant clinical implication is that hearing aids that simply boost the
incoming signal are likely to have limited benefit for everyday com-
municative listening [28].

Further, communication and other functional milestones in
IVPPA are likely to reflect complex interactions between language
impairment and amnestic, visuospatial and motor deficits. The lower
‘confidence’ in symptom placement for mid-stage compared with
early- and late-stage IVPPA (Figure 1) accords with the individual
clinical variability highlighted by the qualitative analysis and by pre-
vious work in IvPPA [6, 19, 20]. This phenotypic diversity underlines
the need to stage personalized illness trajectories in IVPPA, both
for early consideration of disease-modifying therapies [9] and for
accessing appropriate non-pharmacological interventions (such as
speech and language therapy) and support throughout the illness
(Table 3).

A number of candidate scoring instruments are currently
available for IVPPA, including the Progressive Aphasia Severity
Scale [29], Mini Linguistic State Examination [30], Frontotemporal
Dementia Rating Scale [13] and Clinical Dementia Rating Scale plus
National Alzheimer's Coordinating Center Frontotemporal Lobar
Degeneration module [31]. Prospective validation will be required
to fully assess the place of the new system proposed here in rela-
tion to the existing instruments; however, it is felt that there are
two key ways in which the work presented here will add value. First,
scales are typically and inherently reductionist, designed to give a
brief snapshot of where an individual is in their iliness; the symptoms
presented in Figure 1 are highly granular, providing a detailed road-
map of the illness (and individual trajectories through the illness).
Secondly, the staging proposed here foregrounds communication
functions that are not emphasized by other scales but which are of

paramount importance in a ‘language-led’ dementia. The complexity
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and variability of the symptoms arrayed in Figure 1 underline that
staging the individual person with IvPPA should only be undertaken
as part of a consultation between patient, caregiver and clinician—so
that the stage can be interpreted and management tailored accord-
ing to their personal circumstances.

This study has limitations that should direct future work.
Caregiver reports were retrospective and possibly subject to re-
call bias; prospective, longitudinal studies are required. This is il-
lustrated most tellingly in the data on stage durations presented in
Table 2: the overall range for some individual stages was extremely
wide (e.g., stage 1 ranged from 6 months to 8years), and several
caregivers felt unable to estimate stage durations, speaking to the
inherent difficulty in applying, retrospectively, a categorical dis-
tinction onto a continuous process. The symptom list presented
to caregiver respondents in the consolidation survey was heavily
weighted toward cognitive and functional symptoms of IvPPA, and
so did not fully cover neuropsychiatric symptoms that are likely
to hold significant clinical relevance for patients and caregivers.
This raises the broader issue of the weighting of symptoms used
to define particular stages or milestones—different symptoms
are not functionally equivalent and their impact is likely to vary
as the disease evolves. The future clinical application of the stag-
ing system will require this weighting to be defined prospectively.
Our proposed milestone symptoms also need to be prospectively
validated against measures of daily-life impact. Furthermore, de-
tailed information was not collected on the pathways to diagno-
sis and biomarkers were not available to corroborate the clinical
syndromic diagnosis. Whilst the findings are interpreted here as
having potential relevance to the wider AD spectrum, it should be
acknowledged that other pathologies have been associated with
the IvPPA phenotype [32-45] and so the specificity of this work
to AD more broadly is yet to be established. The list of symptoms
presented to respondents here was developed initially with UK-
based, English-speaking caregivers in mind: it is unlikely that an
identical symptom ordering or even the same set of symptoms will
apply to IVPPA developing in speakers of other languages. Future
work should engage larger, more socio-culturally and linguistically
diverse cohorts, representing all major AD variant syndromes,
ideally with biomarker correlation. Individuals will move through
the stages at different rates, and this requires definition. Head-to-
head comparisons with existing AD severity scales [7] are needed,
to develop clinical scales and care pathways for anticipating and

managing communication dysfunction across the AD spectrum.
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