
Research report

Is the logopenic-variant of primary progressive
aphasia a unitary disorder?Q4

Q3 Cristian E. Leyton a,b,c,*, John R. Hodges b,c,d, Olivier Piguet b,c,d,
Catriona A. McLean e, Jillian J. Kril f and Kirrie J. Ballard a,b

a Faculty of Health Sciences, The University of Sydney, Lidcome, NSW, Australia
b Neuroscience Research Australia, Randwick, NSW, Australia
c ARC Centre of Excellence in Cognition and its Disorders, Sydney, NSW, Australia
d School of Medical Sciences, The University of New South Wales, Sydney, NSW, Australia
e Department of Anatomical Pathology, Alfred Hospital, Melbourne, VIC, Australia
f Department of Pathology, Sydney Medical School, The University of Sydney, Sydney, NSW, Australia

a r t i c l e i n f o

Article history:

Received 11 November 2014

Reviewed 19 January 2015

Revised 30 January 2015

Accepted 17 March 2015

Action editor Peter Garrard

Published online xxx

Keywords:

Primary progressive aphasia

Logopenic variant of primary pro-

gressive aphasia

Alzheimer's disease

Anomia

a b s t r a c t

Logopenic progressive aphasia is one of the clinical presentations of primary progressive

aphasia and formally defined by the co-occurrence of impaired naming and sentence

repetition. Impaired naming is attributed to failure of lexical retrieval, which is a multi-

staged process subserved by anatomically segregated brain regions. By dissecting the

neurocognitive processes involved in impaired naming, we aimed to disentangle the clinical

and neuroanatomical heterogeneity of this syndrome. Twenty-one individuals (66.7% fe-

males, age range 53e83 years) who fulfilled diagnostic criteria for logopenic variant and had

at least two clinical and language assessments, 1 year apart, were recruited andmatched for

age, sex distribution and level of education with a healthy control sample (n ¼ 18). All

participants underwent a structural brain scan at the first visit and surface-wise statistical

analysis using Freesurfer. Seventeen participants with logopenic variant underwent amy-

loid imaging, with 14 demonstrating high amyloid retention. Based on their performance on

single-word comprehension, repetition and confrontation naming, three subgroups of

logopenic cases with distinctive linguistic profiles and distribution of atrophy were identi-

fied. The first subgroup (n ¼ 10) demonstrated pure anomia and left-sided atrophy in the

posterior inferior parietal lobule and lateral temporal cortex. The second subgroup (n ¼ 6),

presented additional mild deficits in single-word comprehension, and also exhibited bilat-

eral thinning of the fusiform gyri. The third subgroup (n ¼ 5) showed additional impaired

single-word repetition, and cortical thinning focused on the left superior temporal gyrus.

The subgroups differed in the proportion of cases with high amyloid retention and in the

rate of decline of naming performance over time, suggesting that neurodegeneration

spreads differentially throughout regions subserving word processing. In line with previous

reports, these results confirm the extensive damage to the language network and, in part,

explain the clinical heterogeneity observed across logopenic cases.

© 2015 Published by Elsevier Ltd.
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1. Introduction

The linguistic profile of the logopenic variant of primary pro-

gressive aphasia (lv-PPA) is defined by the co-occurrence of

anomia, word-finding difficulties and impaired sentence

repetition (Gorno-Tempini et al., 2011). These deficits result

from the breakdown of several cognitive processes, including

verbal short-term memory (Gorno-Tempini et al., 2008), lexi-

cal retrieval (Leyton, Piguet, Savage, Burrell, & Hodges, 2012)

and phonological processing (Bonner & Grossman, 2012;

Brambati, Ogar, Neuhaus, Miller, & Gorno-Tempini, 2009;

Goll et al., 2011; Leyton & Hodges, 2013). Reflecting the

involvement of these cognitive processes, the distribution of

cortical atrophy in lv-PPA comprises an extensive swathe of

the left hemisphere which underpinsmost of the components

of the language network (Leyton et al., 2012; Mesulam,

Wieneke, Thompson, Rogalski, & Weintraub, 2012; Rohrer

et al., 2010). Although atrophy of the left parietal-temporal

junction represents the anatomical signature of lv-PPA, the

extent of brain atrophy varies considerably from case to case,

pointing to the presence of lv-PPA endophenotypes with

slightly different clinical profiles, disease severity and decline

over time (Leyton, Ballard, Piguet, & Hodges, 2014; Machulda

et al., 2013). Accordingly, although the vast majority of cases

with lv-PPA have Alzheimer's disease (Chare et al., 2014;

Harris et al., 2013; Mesulam et al., 2014; Rohrer, Rossor, &

Warren, 2012), this pathology demonstrates variable neuro-

anatomical extension which results in heterogeneous clinical

presentations (Warren, Fletcher, & Golden, 2012).

This clinical and anatomical heterogeneity opens the

possibility that specific cognitive processes are predominantly

damaged in some cases, but not in others. In this sense, the

investigation of confrontation naming provides a suitable

paradigm to explore the diversity of cognitive deficits in lv-

PPA, as this task relies on the integration of separate, albeit

interactive, steps requiring multiple cognitive processes

anatomically segregated (Damasio, Tranel, Grabowski,

Adolphs, & Damasio, 2004; DeLeon et al., 2007). Models of

lexical production specify a number of discrete stages (Dell &

O'Seaghdha, 1992; Levelt, 2001), each of which can be sepa-

rately damaged and result in impaired naming. In the first

stage, the item to be named should be recognised, for which

the integrity and access to semantic representations are

crucial. Failure at this stage, as in the semantic variant of PPA,

not only results in profound anomia, but also in failure on

object recognition and word-comprehension tasks. In the in-

termediate stage, referred to as lexical retrieval, the semantic

representation is linked to its arbitrary phonological word

form. In other words, although the item can be recognised, the

specific target word is not yet retrieved. At the final, or post-

lexical, stage the phonological information is temporarily

stored in the phonological buffer in order to execute themotor

plan of the intended utterance. Consequently, failure at this

level can result in marked difficulties with repetition, partic-

ularly for multisyllabic words and long sentences (Leyton,

Savage, et al., 2014).

Given that diagnostic criteria for lv-PPA explicitly exclude

significant impairments in single-word comprehension, ob-

ject knowledge ormotor aspects of speech, it can be presumed

that the main mechanism underlying anomia in lv-PPA is

impaired retrieval of the phonological form. Nevertheless,

given the broad extension of pathological changes in lv-PPA

(Leyton et al., 2012; Rohrer et al., 2010; Teichmann et al.,

2013) over most of the left-sided language regions involved

in semantic and lexical processing (Indefrey & Levelt, 2004;

Price, Devlin, Moore, Morton, & Laird, 2005), it is possible

that other stages of naming processing are also compromised.

On these grounds, the concurrent analysis of performance

across a range of single-word tasks and structural neuro-

imaging measures can not only contribute to decipher the

clinical and neuroanatomical heterogeneity of the logopenic

syndrome, but also reveal sub-groups with distinctive neuro-

biological features and prognosis. Furthermore, information

related to the preservation and involvement of various lin-

guistic components can provide the rational basis for plan-

ning and implementing behavioural interventions (Best et al.,

2013).

The aim of this study was to ascertain the neurocognitive

processes involved in impaired naming in lv-PPA by exam-

ining patterns of performance on single-word processing

tasks and naming errors. Accordingly, we hypothesised that

this set of tasks would allow the identification of coherent

clinical subgroups with distinctive patterns of brain atrophy

and neurobiological behaviour. As such, a second aim was to

observe the clinical progression of lv-PPA over consecutive

assessments and infer the proportion of cases with Alzheimer

pathology in each group.

2. Material and methods

2.1. Participants

Twenty-one lv-PPA participants having at least two separate

assessment sessions were recruited between 2007 and 2013

through the FRONTIER frontotemporal dementia clinical

research group in Sydney Australia. Participants with limited

English proficiency (high proficiency was assumed for those

who had English as a second language but had lived and

worked in an English speaking country for over 10 years) or

with concomitant motor neuron disease, significant extrapy-

ramidal features, past history of stroke, epilepsy, alcoholism,

or significant traumatic brain injury were excluded from the

study.

All participants underwent a complete neurological eval-

uation, a routine neuropsychological assessment, and struc-

tural brain MRI. The clinical diagnosis of lv-PPA was

retrospectively conducted at baseline assessment using a

clinical protocol previously described (Leyton & Hodges, 2014;

Leyton et al., 2011) and based on the current International

Consensus recommendations (Gorno-Tempini et al., 2011). As

such, PPA cases with anomia, word finding difficulties and

impaired sentence repetition in absence of apraxia of speech,

frank agrammatism or dissolution of semantic knowledge

were included in the study. Cases with impaired naming and

mild single-word comprehension in absence of other evidence

of semantic involvement, but impaired sentence repetition

were also classified as lv-PPA. This profile contrastedwith that
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