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Abstract 

Primary progressive aphasia (PPA) is an acquired neurodegenerative syndrome that has 

specific and devastating effects on an individual’s speech and language ability. Based on a 

detailed assessment of behavior and cognition, combined with structural neuroimaging data and 

pathological evidence, PPA is typically classified into three variants: the non-fluent (nfvPPA), 

semantic (svPPA), and logopenic (lvPPA). However, in spite of some distinct behavioral 

features, i) PPA individuals exhibit some shared features, including an impairment in lexical 

retrieval (anomia), and more generally, ii) researchers have long acknowledged the heterogeneity 

within each variant. Here, I tackle two important issues in PPA research. First, inspired by a 

recent shift towards naturalistic paradigms in the field of language, I use naturalistic speech 

samples to examine ‘functional communication’ in the three variants of PPA – an ability most 

relevant to everyday functioning and often not captured by traditional controlled-paradigm 

assessments. Second, I examine the variability within lvPPA and identify a new sub-variant. 

In Study 1, I compare individuals in the mild stages of PPA from each of the three 

variants to age-matched control participants with respect to their lexical production abilities on a 

picture description task. Using a measure recently introduced by Berube et al. (2019), I show that 

individuals with nfvPPA, despite grammatical impairment, exhibit preserved informativeness 

whereas lvPPA and svPPA do not. Furthermore, I show that the reduction in informativeness in 

svPPA is due to a propensity for self-referential tangents. 
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In Study 2, using a diverse set of functional language assessments, I identify a distinct 

profile of lvPPA with atypical Wernicke’s-like symptoms (WlvPPA): fluent speech and impaired 

auditory comprehension. Finally, Study 3 extends these behavioral findings by determining 

potential neural underpinnings of this distinct sub-variant through a longitudinal structural 

anatomical investigation of one of these patients. The results suggest that WlvPPA may arise 

from additional atrophy in regions outside of what is traditionally considered the language 

network. 

These results i) highlight the importance of supplementing standardized language 

batteries with assessments of functional communication using naturalistic speech samples, and ii) 

demonstrate that heterogeneity in PPA may manifest as qualitatively distinct functional profiles. 
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Chapter 1. Introduction 
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Defining Primary Progressive Aphasia 

Individuals diagnosed with primary progressive aphasia (PPA) face a gradual 

deterioration of select speech and language features that relatively spares other cognitive 

processes (e.g., attention, episodic memory) at disease onset (Mesulam, 2001; Gorno-Tempini et 

al., 2011). PPA arises as a result of frontotemporal degeneration and manifests in three 

distinguishable subtypes: the semantic (svPPA), non-fluent (nfvPPA), and logopenic (lvPPA) 

variants. The typical progression of all three variants of PPA before global decline is an 

intensification of the variant-specific primary deficits (Dickerson, 2011; Gorno-Tempini et al., 

2011; Rogalski et al., 2011; Machulda et al., 2013; Gorno-Tempini et al., 2008; Ash et al., 2013; 

Marshall et al., 2018; Grossman, 2018). A diagnosis of PPA can only be made in the absence of 

other neuropathological causes of aphasia, such as a middle cerebral artery infarct or cancerous 

growth, and cannot co-occur with predominant symptoms in other non-linguistic domains 

(Gorno-Tempini et al., 2011). In order to classify a PPA diagnosis into one of the three variants, 

the clinical criteria specific to each subtype, as proposed by Gorno-Tempini et al. (2011), must 

be met and assessed through rigorous clinical evaluation.  

svPPA uniquely impacts impaired single word comprehension in combination with 

anomia, where speech production, repetition, and syntax remain relatively spared (Gorno-

Tempini et al., 2011; Marshall et al., 2018; Grossman, 2018). Despite the relative sparing of 

syntactic ability, the loss of conceptual knowledge in svPPA gives rise to semantic errors and 

reduced overall coherence of speech output (Gorno-Tempini et al., 2011; Sajjadi et al., 2012b; 

Ash & Grossman, 2015; Boschi et al., 2017). While the relative sparing of speech production in 

svPPA is debated (Ash et al., 2013; Boschi et al., 2017), the presentation of this variant is 

commonly considered “fluent” relative to nfvPPA and lvPPA (Gorno-Tempini et al., 2011; 
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Boschi et al., 2017). The typical atrophy pattern of svPPA is typically bilateral in the anterior 

temporal lobes, while predominant in the left hemisphere (Gorno-Tempini et al., 2011).  

The primary symptoms of nfvPPA are agrammatism, also known as deficits to both 

expressive and receptive syntax, as well as effortful speech production (Gorno-Tempini et al., 

2011; Marshall et al., 2018). The effortful nature of speech production is accompanied by 

intrusions of phonemic errors and distortions despite relatively spared word knowledge (Gorno-

Tempini et al., 2011; Boschi et al., 2017). The motor impairments underlying the effortful nature 

of speech production results in slower speech and thus serve as diagnostic criteria (Cordella et 

al., 2017; Cordella et al., 2019). Furthermore, as agrammatism affects both the understanding 

and production of speech, speech output is sparse and reduced in grammatical complexity. The 

prominent atrophy pattern of nfvPPA is in the inferior frontal gyrus, precentral gyrus, and middle 

frontal gyrus (Caso et al., 2013). 

Finally, lvPPA is characterized by core impairments in word-retrieval, also known as 

anomia, and repetition, with predominant atrophy and hypometabolism in the left temporo-

parietal regions (Gorno-Tempini et al., 2008; Henry & Gorno-Tempini, 2010; Gorno-Tempini et 

al., 2011). While overt naming is primarily impaired in lvPPA, single object knowledge and the 

recognition of object names remain relatively spared (Gorno-Tempini et al., 2011). The inability 

to name or repeat item names, despite relatively intact name recognition, may be due to an 

impairment in the stage of phonological retrieval (Gorno-Tempini et al., 2011; Henry & Gorno-

Tempini., 2010).  Due to these deficits in phonological retrieval, spontaneous speech in lvPPA 

include more pauses, false starts, and hesitations (Rogalski et al., 2011; Wilson et al., 2010; Ash 

et al., 2013). Importantly, while both nfvPPA and lvPPA can be considered less “fluent” variants 

than svPPA, reduced speech fluency in lvPPA cannot be attributed to either agrammatism or 
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motor speech impairment and is thought to arise from phonological impairment (Wilson et al., 

2010; Ash et al., 2013; Henry & Gorno-Tempini, 2010; Gorno-Tempini et al., 2011). 

Deficits at the Discourse-Level 

There is a plethora of evidence that the three variants of primary progressive aphasia 

(PPA) share a progressive deficit in lexical retrieval, or anomia, as evidenced by performance in 

tasks ranging from picture naming to a continuous stream of speech, also known as connected 

speech (Gorno-Tempini et al., 2004; Gorno-Tempini et al., 2011; Rogalski & Mesulam, 2009; 

Wilson et al., 2010; Ash et al., 2013; Fraser et al., 2014; Boschi et al., 2017; Bonner et al., 2010; 

Beber et al., 2019). The loss of individual words slowly but surely erodes the capacity to 

communicate meaningfully over time (Armstrong, 2000; Ash et al., 2006; Linnik, Bastiaanse, & 

Höhle, 2016), however, traditional assessments of aphasia often fail to capture or predict a 

person’s ability to communicate successfully in exchanges requiring language (Ramsberge & 

Rende, 2002). Holland (1982) introduced the term “functional communication” to describe a 

person’s ability to convey their thoughts, needs, and desires in the face of aphasia, however, the 

term has yet to be operationalized in a consistent manner. 

The study of naturalistic speech production in aphasia allows us to probe how 

functionally an individual is able to participate in everyday communication or conversational 

exchanges. In contrast to assessments that require the isolated production or comprehension of 

single words, assessments of naturalistic speech allow us to contextualize these abilities and 

create an overall profile of their linguistic capabilities (Ash & Grossman, 2015).  While we are 

often able to judge the subjective “transactional success” (Ramsberger & Rende, 2002) and 

efficiency (Linnik et al., 2016) of neurotypical person’s discourse to that of a person with 

aphasia, there remain gaps in our understanding of how to objectively measure the 
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meaningfulness, appropriateness, and functionality of naturalistic speech (Ramsberger & Rende, 

2002; Linnik et al., 2016). Despite a substantial amount of work investigating connected speech 

in PPA (Wilson et al., 2010; Ash et al., 2013; Fraser et al., 2014; Boschi et al., 2017; Bonner et 

al., 2010; Beber et al., 2019; Berube et al., 2019) and discourse in chronic aphasia (Linnik et al., 

2016; Fromm et al., 2017; Berube et al., 2019), objective measurement of task-oriented 

communication has yet to be established to best predict and monitor day-to-day functioning. As 

all forms of aphasia are often characterized by a reduction in lexical production, we propose to 

measure “functional communication” (Holland, 1982) as the relative informativeness of speech 

output and to investigate this in PPA. In other words, what is the proportion of information an 

individual able to convey when communicating?  

Heterogeneity of the PPA Classifications 

The utility of investigating behavioral features of PPA by variant remains debated due to 

the residual “unclassifiable” cases reported (Mesulam & Weintraub, 2014; Wicklund et al., 2014; 

Mesulam et al., 2014; Utianski et al., 2019). Work by Wicklund et al. (2014) revealed that only 

69% of these patients (based on a sample of 84) could be discretely classified using the 

diagnostic criteria proposed by Gorno-Tempini et al. (2011). In particular, assessments of speech 

fluency and overall functionality of output remain to be improved.  

The heterogeneity of the course of PPA and unclassifiable cases reported in the literature 

motivate the use of multidimensional assessments of language that i) encompass measures of 

functionality and meaningfulness, ii) reliably capture and monitor symptoms over time, iii) 

provide specific and sufficient information for diagnosis. Due to the probabilistic associations of 

clinical subtype and the pathology driving the neurodegenerative decline, enhancing the 

specificity of behavioral assessments can only serve to improve the care a patient receives: i) 



 6 

nfvPPA: tau-positive pathology, ii) svPPA: ubiquitin-positive or TDP-43-positive pathology, and 

iii) lvPPA: Alzheimer’s Disease (Bergeron, Ossenkoppele, & Laforce, 2018; Gorno-Tempini et 

al., 2011; Grossman, 2018; Montembeault et al., 2018). As the underlying pathology can only be 

confirmed post-mortem, reliable and accurate diagnosis at disease onset is essential in light of 

the continually emerging clinical trials targeting the management of such proteins. As the 

remaining options to diagnose relies upon in vivo biomarkers (such as measures of cerebrospinal 

fluid) and are constrained to the identification of Alzheimer’s Disease pathology, phenotyping 

the clinical variants of PPA depends upon accurate and reliable assessments of speech and 

language.  

Need for Better Characterization of the PPA Variants 

These diagnostic challenges of phenotyping the clinical variants of PPA support how 

critical it is to further refine available assessment tools, such as measures of naturalistic speech 

production, and our definitions of specific speech and language features. Moreover, a pressing 

need for the evaluation of historically subjective features of language, such as functional 

communication, and fine-tuning of the criteria for the logopenic variant classification are 

essential to improve our current characterization of the PPA population.   
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The Current Dissertation 

 The dissertation is comprised of three studies that, put altogether, aim to answer the 

question of whether quantitative speech measures can improve the identification, monitoring, 

and characterization of heterogeneous speech and language impairments in PPA. The purpose of 

each study is detailed below (Table 1.1) in terms of its primary research question, specific sub-

aims and hypotheses.  
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Table 1.1. Research questions, aims and hypotheses for each study comprising the dissertation 

 
 

Breakdowns in Informativeness of Naturalistic Speech Production in Primary 
Progressive Aphasia 

 
 

Research Question: Can measures of speech content in naturalistic speech production 
be utilized to identify anomia in PPA, and furthermore, can these be used to identify 
functional differences between PPA subtypes?  

Chapter 2  
Study Aims: (1a) Determine whether patients in the mild stages of the three PPA 
variants exhibit reduced ability to convey information in a picture description task 
relative to healthy controls; (1b) Determine whether the production of self-referential 
or empty speech contributes to reduced functional communication ability in PPA 
across subtypes (nfvPPA, svPPA, lvPPA). 

  
Study Hypotheses: Functional communication ability, as related to the content of 
speech, in a naturalistic speech production task will differentiate patients with mild 
PPA from healthy controls and distinguish the three PPA variants (Hyp. 1a). The three 
PPA variants will emerge as qualitatively different functional profiles based on 
measures of off-topic or empty speech will emerge (Hyp. 1b). 

 The Emergence of a Wernicke’s-like Aphasia in Patients with Logopenic Primary 
Progressive Aphasia 

 
 

 
Research Question: Is the behavioral presentation of a logopenic variant primary 
progressive aphasia (lvPPA) with Wernicke’s-like symptoms quantifiably distinct from 
“typical” lvPPA within domains of language?  

Chapter 3  
Study Aims: (2a) Conduct a longitudinal analysis of speech and language measures to 
compare the clinical presentation of a Wernicke’s-like lvPPA (WlvPPA) to that of the 
“typical” logopenic and semantic variants. 
 

 Study Hypotheses: Symptoms of increased speech fluency, reduced auditory 
comprehension, impaired functional communication, and reduced meaningfulness will 
significantly differentiate the WlvPPA profile from “typical” lvPPA, however, 
WlvPPA will not differ from typical lvPPA in domains of confrontation naming, 
repetition, and single word comprehension (Hyp. 2a).  

 A Neuroanatomical Investigation of a Progressive Wernicke’s-like Aphasia 
 

 Research Question: Can the longitudinal analysis of gray and white matter atrophy 
identify the unique neural underpinnings of a progressive Wernicke’s-like aphasia 
relative to “typical” lvPPA and healthy controls?  
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Chapter 4  
Study Aims: (3a) Investigate the potential contributions of atypical gray and white 
matter atrophy to the onset of Wernicke’s-like symptoms in atypical lvPPA relative to 
patients with “typical” lvPPA and age-matched controls.  
 

 Study Hypotheses: Cortical atrophy in regions outside of the regions traditionally 
thought to comprise the language network may underlie the onset of increased speech 
production and reduced functional communication in WlvPPA (Hyp. 3a). Based on the 
hypotheses by Mesulam et al. (2015), it is also possible that disruptions to the axonal 
pathways within the language network may cause the emergence of these symptoms 
(Hyp. 3b).  
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Significance and Contributions of the Dissertation  

This work contributes quantitative analyses of historically subjective measures of 

language, such as informativeness, functional communication, fluency, and meaningfulness by 

determining objective parameters by which to measure these, thus allowing us to improve 

diagnostic phenotyping and clinical monitoring of primary progressive aphasia. Furthermore, this 

approach establishes the heterogeneity of functional communication abilities within this 

population, as well as contribute possible expansion to the current PPA subtype classification.  
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Chapter 2. Breakdowns in Informativeness of Naturalistic Speech Production in Primary 

Progressive Aphasia1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

____________________________________________________________________________ 

1 Contributions of respective authors are as follows: Design and conceptualization of study 
(Jeanne Gallée, Evelina Fedorenko, Bradford C. Dickerson); acquisition of data (Jeanne Gallée, 
Claire Cordella, Megan Quimby, Daisy Hochberg); analysis and interpretation of data (Jeanne 
Gallée), drafting of manuscript for intellectual content (Jeanne Gallée), editing of manuscript for 
intellectual content (Jeanne Gallée, Claire Cordella., Evelina Fedorenko, Megan Quimby, 
Alexandra Touroutoglou., Bradford C. Dickerson).  
 
This work was supported by the National Institute of Deafness and Communication Disorders 
grants R01 CD014296 (B.C.D.) and K23 DC016912 (A.T.), F31 DC015703-02 (C.C.), and R01 
DC013547-01 (Dr. Jordan R. Green). J.G. was supported by the William Orr Dingwall 
Dissertation Fellowship in Cognitive, Clinical, and Neural Foundations awarded by the Dingwall 
Foundation, as well as the NIH NIDCD training grant T32 DC 00038.  
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Abstract 

Background: ‘Functional communication’ refers to an individual’s ability to communicate 

effectively in his or her everyday environment and thus is a paramount skill to monitor and target 

in people with aphasia. However, the traditional controlled-paradigm assessments used in both 

research and clinical settings often fail to adequately capture this ability.  

Aims: We sought to investigate the breakdown of functional communication in PPA aiming to 

answer whether i) patients in the mild stages of PPA exhibit reduced ability to convey 

information when describing a picture and ii) the production of self-referential or empty speech 

significantly contributes to functional communication breakdowns in PPA.  

Methods and Procedures: In the current study, facets of functional communication were derived 

from the naturalistic speech samples of 70 individuals with mild PPA and 31 age-matched 

controls. Building upon methods recently proposed by Berube et al. (2019), we proposed an 

improved method for quantifying the unique referents and conceptual units that an individual 

may refer to when describing a picture and used this to calculate the overall informativeness of 

speech output.  

Outcomes and Results: Results show that informativeness in non-fluent variant PPA speech 

production is preserved, whereas the logopenic and semantic variants produce significantly less 

informative output. Furthermore, reduced informativeness in svPPA is attributable to a 

significant propensity for self-referential tangents, whereas for lvPPA, relatively ‘empty’ speech, 

false starts, and statements about inability to describe the picture contributed to this reduction.  

Conclusions: These findings demonstrate that the PPA variants do not exhibit uniform 

functional communication impairments and highlight the utility of naturalistic speech analysis to 

measure the breakdown of functional communication in PPA. 
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Introduction 

Primary progressive aphasia (PPA) is a clinical syndrome with aphasia as the initial 

predominant symptom that is usually caused by a neurodegenerative disease, most commonly 

Frontotemporal Lobar Degeneration or Alzheimer’s disease (Mesulam, 2003). The 

characteristics of aphasia in PPA are heterogeneous, with many patients presenting with a profile 

of language impairments that can be classified into one of three subtypes: the semantic variant 

(svPPA), the logopenic variant (lvPPA), or the non-fluent/agrammatic variant (nfvPPA) (Neary 

et al., 1998; Mesulam, 2001; Gorno-Tempini et al., 2004; Gorno-Tempini et al., 2008; Gorno-

Tempini et al., 2011). As distinct as these subtypes may be, they all share a devastating 

prognosis: as a patient’s aphasia progresses, their ability to communicate will continually 

deterioriate, which has been found to adversely impact relationships and quality of life (Chapey 

et al., 2000; Sapolsky et al., 2011; Grossman, 2018; Beales et al., 2018). 

A wide array of tests is used to characterize language impairment in PPA (Sapolsky, 

Domoto-Reilly, & Dickerson, 2014; Henry & Grasso, 2018) but concerns have been raised about 

highly constrained, decontextualized linguistic tasks being insufficient to describe or predict a 

person’s ability to communicate in everyday life, which is often referred to as ‘functional 

communication’ (Armstrong & Ferguson, 2010; Linnik et al., 2016; Doedens & Meteyard, 2020; 

Volkmer et al., 2020). One way to measure functional communication in patients with aphasia is 

through relatively naturalistic picture description tasks or structured interviews (Beales et al., 

2019; Doedens & Meteyard, 2020; Pritchard et al., 2017). Despite concerns about the reliability 

of these methods (Pritchard et al., 2017), abnormalities of a variety of elements of speech and 

language in PPA can be successfully captured through the analysis of connected speech samples 

from such tasks. For example, the production of verbs and complex grammatical sentence 
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structures is reduced in nfvPPA relative to lvPPA and svPPA (Wilson et al., 2010; Ash et al., 

2013), mirroring reports from more structured experimental tasks. To determine the extent to 

which communication is functional, researchers have measured breakdowns in the 

informativeness of speech production in patients with chronic aphasia by identifying words or 

phrases that are relevant to the picture or question, while ignoring form-based errors, like 

mispronunciations of words, unusual word choices, and grammatical mistakes (Pritchard et al., 

2017; Bryant, Ferguson, & Spencer, 2016). However, impairment in the informativeness of 

speech in PPA remains to be established (Boschi et al., 2017). 

Berube et al. (2019) recently evaluated the informativeness of speech output in both stroke 

aphasia patients and PPA patients using a contemporary version of the Cookie Theft picture 

description task. They measured the patients’ production of words and phrases referring to 

concepts that were mentioned by control participants who described the same picture (i.e., 

‘content units’) (Berube et al., 2019; Yorkson & Beukelman, 1980), and found that individuals 

with PPA and those with stroke aphasia conveyed less information about the picture than 

controls. These results provided further evidence that connected speech elicited in such a 

paradigm can be useful for quantifying functional communication abilities. However, the sample 

of PPA patients in Berube et al.’s study was small and did not allow for a detailed examination 

of potential between-variant differences. 

We sought to investigate the breakdown of functional communication in PPA using a similar 

approach, aiming to answer two questions. First, compared to controls, do patients in the mild 

stages of each of the three PPA variants exhibit reduced ability to convey information in a 

picture description task? And second, if multiple variants exhibit an impairment, do different 

factors contribute to the reduction in speech informativeness? We developed our hypotheses 
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from the combination of our clinical experience and the prior literature. With regard to the first 

research question, we expected to find differences among the three variants in the patients’ 

ability to convey information relevant to the picture: svPPA patients’ speech was predicted to 

demonstrate reduced information content with each individual showing some degree of 

impairment; lvPPA patients’ information content was predicted to be reduced as a group but also 

to exhibit variability within the group, with some patients showing preserved informativeness of 

speech; finally, the nfvPPA group was predicted to show preserved informativeness, with few, if 

any, individuals demonstrating impairment. With regard to the second research question, svPPA 

patients were predicted to produce an abnormally large number of self-referential tangents and 

empty utterances due to semantic impairment, whereas lvPPA patients were predicted to produce 

a large number of empty utterances and false starts due to the primary impairment in word 

retrieval. 

Methods 

Participants 

Data analyzed in this study were obtained from 101 participants, including 70 patients with a 

diagnosis of PPA and 31 age-matched controls. The PPA patients participated in this study as 

part of the Massachusetts General Hospital Frontotemporal Disorders Unit longitudinal PPA 

cohort study. Participants in this cohort underwent a comprehensive clinical evaluation as 

previously described (Sapolsky et al., 2011; Sapolsky et al., 2014). The evaluation included a 

structured interview by a neurologist or psychiatrist covering cognition, mood/behavior, 

sensorimotor function, and daily activities; a neurologic examination, including office-based 

cognitive testing (for cases in this report, performed by B.C.D.); a speech-language assessment 

by a speech-language pathologist (for cases in this report, performed by C.C., M.Q., or D.H.), 
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including the Progressive Aphasia Severity Scale (PASS) to specifically assess language 

impairment relative to a patient’s premorbid baseline (Sapolsky et al., 2014); and an MRI scan 

with T1- and T2-weighted sequences inspected visually by a neurologist. For all cases included 

here, visual inspection of the clinical MRI identified an atrophy pattern consistent with that 

typically seen in each PPA variant, and ruled out other causes of focal brain damage (Gorno-

Tempini et al., 2011). 

For each participant, a clinician also performed a structured interview with an informant 

who knows the participant well (e.g., a spouse), augmented with standard questionnaires. For the 

participants in this report, the protocol included the National Alzheimer’s Coordinating Center 

(NACC) Uniform Data Set measures, including Clinical Dementia Rating (CDR) scale 

supplementary language box ratings (Sapolsky et al., 2014). As part of the standard battery, 

connected speech samples were elicited through the Western Aphasia Battery – Revised (WAB-

R) ‘Picnic Scene’ task (Kertesz, 2007). 

Individuals selected for this study had been diagnosed with imaging-supported nfvPPA, 

svPPA, or lvPPA according to consensus diagnostic criteria (Mesulam, 2001; Gorno-Tempini et 

al., 2011]. All participants and their care partners denied a pre-existing psychiatric disorder, 

other neurological disorder or developmental cognitive disorder. Given the focus on mild PPA in 

the current study, we excluded participants with CDR language box scores above 1 (0 = normal 

language, 0.5 = very mild language impairment, 1 = mild language impairment, 2 = moderate 

language impairment, 3 = severe language impairment). The PPA patient sample included 19 

svPPA patients (mean age: 69.6, SD: 8.35; 11 female), 26 lvPPA patients (mean age: 70.2, SD: 

7.17; 12 female), and 25 nfvPPA patients (mean age: 68.2, SD: 8.28; 15 female) (see Table 2.1 

for further demographic information).  
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Data were also analyzed from thirty-one age-matched healthy controls – with no self-

reported history of neurologic or psychiatric disorders – who participated in a longitudinal study 

conducted at the Speech and Feeding Disorders Laboratory at MGH Institute of Health 

Professions (mean age: 63.4, SD: 8.2; 17 female). All participants in both samples were right-

handed native English speakers. All participants (and their care partners for PPA patients) gave 

written informed consent in accordance with guidelines established by the Mass General 

Brigham Healthcare System Institutional Review Boards which govern human subjects research 

at Massachusetts General Hospital. 

 

Table 2.1. Demographic information for all participants included in this study.  

Group Participant Sex Age Highest Educational Degree  CDR: Language PASS Sum  
Semantic variant 

PPA svPPA 1 F 68 Master’s 1 6 
 svPPA 2 F 62 Bachelor’s 1 3 
 svPPA 3 F 53 Bachelor’s 0.5 3 
 svPPA 4 F 64 High School 0.5 3.5 
 svPPA 5 M 54 Master’s 0.5 1.5 
 svPPA 6 M 59 Bachelor’s 0.5 3 
 svPPA 7 M 83 Bachelor’s 0.5 5 
 svPPA 8 F 63 Bachelor’s 1 4.5 
 svPPA 9 M 80 Bachelor’s 0.5 2 
 svPPA 10 F 63 High School 0.5 4 
 svPPA 11 F 70 Master’s 0.5 4.5 
 svPPA 12 M 65 Bachelor’s 1 5 
 svPPA 13 M 81 Bachelor’s 0.5 3 
 svPPA 14 M 64 Doctorate 1 5 
 svPPA 15 F 54 Doctorate 1 3 
 svPPA 16 F 74 Bachelor’s 0.5 2.5 
 svPPA 17 F 72 High School 0.5 4 
 svPPA 18 F 65 Bachelor’s 1 3 
 svPPA 19 M 68 Master’s 1 1 

Logopenic variant 
PPA lvPPA 1 M 68 Bachelor’s 1 5 

 lvPPA 2 F 68 High School 0.5 3.5 
 lvPPA 3 M 79 High School 0.5 3 
 lvPPA 4 M 71 Master’s 0.5 0.5 
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 lvPPA 5 M 71 Master’s 0.5 3.5 
 lvPPA 6 M 79 Master’s 1 3.5 
 lvPPA 7 F 59 Bachelor’s 1 6 
 lvPPA 8 F 70 Associate’s 1 5 
 lvPPA 9 F 59 Master’s 1 6 
 lvPPA 10 F 64 Bachelor’s 0.5 5 
 lvPPA 11 M 71 Master’s 1 3.5 
 lvPPA 12 M 72 High School 1 5 
 lvPPA 13 F 53 Bachelor’s 0.5 4.5 
 lvPPA 14 F 68 High School 1 3 
 lvPPA 15 F 75 High School 0.5 5 
 lvPPA 16 M 79 Bachelor’s 0.5 4 
 lvPPA 17 F 70 Bachelor’s 0.5 3.5 
 lvPPA 18 F 69 Bachelor’s 0.5 3 
 lvPPA 19 M 75 Bachelor’s 1 5 
 lvPPA 20 M 76 Master’s 0.5 3.5 
 lvPPA 21 F 78 Master’s 0.5 5 
 lvPPA 22 F 55  High School 0.5 5 
 lvPPA 23 M 69  Doctorate 0.5 3 
 lvPPA 24 M 72 Master’s 1 4 
 lvPPA 25 M 73 Bachelor’s 1 5 
 lvPPA 26 M 69 Bachelor’s 0.5 2 

Non-fluent variant 
PPA nfvPPA 1 F 72 Bachelor’s 0.5 3.5 

 nfvPPA 2 M 64 Bachelor’s 0.5 5.5 
 nfvPPA 3 F 69 Master’s 1 3 
 nfvPPA 4 F 74  Bachelor’s 0.5 5 
 nfvPPA 5 M 60 Bachelor’s 1 5 
 nfvPPA 6 M 63 Bachelor’s 0.5 4 
 nfvPPA 7 M 70 Doctorate 0.5 2 
 nfvPPA 8 F 69 Master’s 1 3 
 nfvPPA 9 F 63 High School 0.5 4 
 nfvPPA 10 M 68 Bachelor’s 1 4 
 nfvPPA 11 F 75 Doctorate 0.5 2 
 nfvPPA 12 M 67 Bachelor’s 0.5 3.5 
 nfvPPA 13 F 65 Bachelor’s 0.5 5.5 
 nfvPPA 14 F 79 High School 0.5 5.5 
 nfvPPA 15 M 55 Master’s 0.5 3 
 nfvPPA 16 M 80 Master’s 0.5 3 
 nfvPPA 17 F 71 Master’s 0.5 1 
 nfvPPA 18 F 78 High School 0.5 3.5 
 nfvPPA 19 M 69 Bachelor’s 1 5 
 nfvPPA 20 F 75 High School 0.5 3.5 
 nfvPPA 21 F 79  High School 0.5 5 
 nfvPPA 22 F 82 High School 1 6 
 nfvPPA 23 M 77 High School 0.5 3 
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 nfvPPA 24 F 74 High School 1 4 
 nfvPPA 25 F 62 Master’s 1 3 

Healthy Controls HC 1 F 61 Bachelor’s   
 HC 2 F 61 High School   
 HC 3 M 53 Bachelor’s   
 HC 4 F 50 High School   
 HC 5 M 52 Bachelor’s   
 HC 6 M 51 Bachelor’s   
 HC 7 M 68 Bachelor’s   
 HC 8 F 71 Bachelor’s   
 HC 9 F 71 Bachelor’s   
 HC 10 M 62 High School   
 HC 11 F 71 Bachelor’s   
 HC 12 F 68 Bachelor’s   
 HC 13 M 69 Bachelor’s   
 HC 14 M 53 Bachelor’s   
 HC 15 F 55 Bachelor’s   
 HC 16 M 68 Bachelor’s   
 HC 17 F 66 High School   
 HC 18 M 65 Bachelor’s   
 HC 19 F 62 Bachelor’s   
 HC 20 F 66 Bachelor’s   
 HC 21 M 59 Bachelor’s   
 HC 22 F 57 High School   
 HC 23 M 54 Bachelor’s   
 HC 24 F 60 Bachelor’s   
 HC 25 F 72 High School   
 HC 26 M 73 Bachelor’s   
 HC 27 F 55 High School   
 HC 28 F 65 Bachelor’s   
 HC 29 F 63 Bachelor’s   
 HC 30 M 76 High School   
 HC 31 M 83 Bachelor’s   

 

Speech Sample Collection 

As part of their standard assessment, all PPA participants completed speech elicitation tasks 

including the WAB-R (Kertesz, 2007) ‘Picnic Scene’ task; the connected speech samples 

obtained from this task were analyzed for the present study. Participants were presented the 

picture and prompted to provide a description of what they saw. Audio recordings were collected 
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using a handheld Zoom H4N Recorder [Hauppauge, NY] or an Olympus VN-702PC Voice 

Recorder [Center Valley, PA] in a quiet room. For participants included in this analysis, the 

average speech sample durations were 73.7s for svPPA (SD: 28.0s), 81.7 seconds (s) for lvPPA 

(SD: 28.9s), 104s for nfvPPA (SD: 53.4s), and 48.9 s for HC (SD: 11.3s). 

Speech Sample Transcription and Basic Coding 

Following data collection, speech samples were uploaded to a local hard drive on an 

encrypted device and preprocessed in Audacity® Version 2.4.1 (Audacity Team, 2014) to 

remove all clinician speech and background noise. Speech samples were then transcribed and 

double-checked by two blinded (to diagnostic group) listeners. Inconsistencies in transcription 

were discussed and fixed upon consensus. Because the focus of the current study was on 

functional communication, phonemic errors (additions, omissions, substitutions) where the 

intended word was clear were corrected during transcription (e.g., if the participant said “they are 

sitting on a splanket,” blanket was transcribed). Unrecognizable words were counted as empty 

words. Phonemic clusters followed by self-corrections or rerouting were counted as false starts. 

The average number of utterances (defined as any verbalization attempt, i.e., single words, 

including filler words, and false starts) was 135 for svPPA (SD: 53.6), 135 for lvPPA (SD: 60.3), 

97.1 for nfvPPA (SD: 34.1), and 150 for healthy controls (SD: 65.9). 

Content Unit (CUs) Coding 

In order to analyze the informativeness of speech production, we followed the approach 

outlined in Berube et al. (2019) (see [Agis et al., 2016] for earlier work using this and related 

approaches). Using the healthy control samples, we first created a corpus of 64 ‘content units’ 

(CUs) (Table 2.2). A CU is defined as a unique concept. These concepts can correspond to an 

object/entity, an action, a property, or more abstract notions, like spatial relations. A core 
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motivation for the construct of CUs is to abstract over the potentially variable verbal descriptions 

that can be used to refer to a particular meaning (e.g., “man”, “dad”, and “pops” all referring to a 

male individual). Following Berube et al. (2019), the set of 64 CUs only included CUs that were 

each mentioned by at least three healthy controls. We then determined the number of CUs within 

each speech sample for all four groups. If a speech sample contained a CU more than once (even 

if the later occurrences used a different verbal description), only the first mention was counted. 

There were no penalties for the absence of any CUs. 

In addition to Berube et al.’s (2019) CU coding method, we developed an adjusted method 

to account for some ambiguity in the meaning of some CUs. In particular, although the majority 

of CUs (42 of the 64: #1-42) unambiguously refer to a particular object/entity, action, or property 

of a specific object/entity in the picture (see Figure 2.1A for examples), the remaining 22 (#43-

64) do not unambiguously refer to a particular aspect of the picture. Nine of these 22 CUs (#55-

63) either refer to the scene overall or to concepts not physically present in the picture, inferred 

based on the schema of a picnic event (e.g., CU #63 “sandwich”, which is not actually present) 

or abstract in nature (e.g., CU #57 “music”). The remaining 13 CUs (#43-54, 64) are ambiguous 

with respect to which aspect(s) of the picture they refer to: in 2 CUs (#44, 54), the speech output 

does not help disambiguate the identity / scope of the referent (e.g., CU #44 “grass”/ 

“yard”/“shrubbery”, and so forth), but in the remaining 11 CUs (#43, 45-53, 64), the speech 

output disambiguates toward one of two or more possible referents. For example, CU #45 where 

e.g., “fellow” can refer to one of three entities (the man reading a book, the boy running with a 

kite, or the man fishing on the dock; Figure 2.1B), and based on the surrounding verbal context, 

it is possible to determine which of the referents the speaker is talking about. In an alternative 

CU coding scheme (CU-uniqueref, for ‘unique referent’), for this set of 11 CUs we broke each 
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CU down into further CUs based on the referent in question. In this coding scheme, if the same 

word is used again but now refers to a different object/entity, it is coded as a new CU. This 

alternative coding method could reveal biases in terms of which objects/entities patients tend to 

refer to, which may be different from the controls’ patterns and perhaps driven by the availability 

of different words. For each of these two coding methods (the original Berube et al. (2019) 

method and the CU-uniqueref method), we computed a normalized informativeness measure, 

where we divided the number of verbal descriptions that corresponded to CUs by the total 

number of utterances in the sample. 
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Figure 2.1. The Western Aphasia Battery – Revised ‘Picnic Scene’ (Kertesz, 2007). Outlined 
here are non-exhaustive examples of the range of ambiguity of possible referents. A:  The 

examples highlighted here (CU #1 “kite,” CU #4 “dog,” CU # 6 “sailboat,” CU # 22 
“boombox,” CU #23 “flag,” CU #30 “basket,” CU #32 “bottle,” and CU #37 “pouring”) are 
unambiguous entities and actions within the WAB-R Picnic Scene. B: The examples highlighted 

here (CU #44 “shrubbery” (red) and CU #45 “fellow” (blue)) demonstrate the possible range of 
referents some CUs may represent. 
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Self-referential, Empty, or Other Atypical Speech  

To investigate the second research question regarding the factors that may contribute to 

reduced informativeness, like self-referential or empty speech, we analyzed the speech samples 

for 5 additional types of output. A coder blinded to diagnostic group examined each sample for 

the presence of statements that a) were self-referential (e.g., “I hate fish, I don’t eat fish, my 

husband eats salmon all the time” or “We have one of these”), b) referred to inability to decipher 

the picture or retrieve the right word (e.g., “I’m not quite sure what that person is” or “Can’t 

think of that”), c) were tangential to the contents of the picture (e.g., “Maybe an investor in a 

sailboat company” or “You don’t take a picnic right next to your house usually”), d) were 

‘empty’ speech (filler words or phrases; e.g., “Uh no, yeah I guess”, “um, uh”), or e) were false 

starts (unsuccessful lexical retrieval attempts and meaningless phonemic cluster productions). 

Inter-rater reliability was assessed for 20 of the 101 of the transcripts (five from each group) 

where the presence of a rating and rating type were judged for every single word per transcript 

and was found to be 97%. Further examples of these ratings can be seen in Figure 2.2. 
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Figure 2.2. Examples of speech excerpts that were coded as self-referential, reflecting inability 
to decipher the picture or retrieve the right word, tangential, empty, or reflective of a false start.  

 
Statistical Analysis 

We descriptively compared the number of raw CUs and informativeness (CUs/all utterances) 

between groups using both the original Berube et al. (2019) and the CU-uniqueref methods. 

Then, we conducted one-way ANOVAs to examine the main effect of group on the number of 

CUs produced and the informativeness of speech samples, followed up by post hoc t-tests and 

Hedges’ g effect sizes. To examine self-referential, empty, or other atypical speech, we 

calculated the proportion of words rated as belonging to one of five categories (self-referential; 
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inability-related; tangential; ‘empty’ speech; or false starts; see 2.5) relative to the total number 

of utterances. We then conducted one-way ANOVAs to examine the main effect of group on 

these 5 types of output. As in the prior analysis, post hoc t-tests and Hedge’s g effect sizes were 

calculated for every comparison. 

Results 

CUs & Informativeness  

The complete sets of CUs generated for the original Berube et al. (2019) and our CU-

uniqueref methods are shown in Table 2.2 and Table 2.3. In the original Berube et al. (2019) 

method, we were able to generate 64 CUs. In the CU-uniqueref method, our specification of 

referents added 35 possible CUs to be scored. 

 

Table 2.2. The complete set of 64 CUs identified in our healthy control sample (n = 31) based on 
Berube et al. (2019)’s methods. The number of healthy control participants who produced a 
given CU in a speech sample is indicated in the “Count” column. 
 

Category CU # Count CU 
Unambiguous 

Entities/Objects/Events 
1 31 kite 

 2 31 house, home, rental, cottage, cabin 
 3 31 wine, drink, liquid, drinks, beverage, soda, juice, champagne 
 4 30 dog, puppy 
 5 29 beach, sand 
 6 28 sailboat, boat 
 7 28 picnic, picnicking 
 8 27 woman, mother, mom, wife, lady 
 9 26 sandcastle(s), pile, castle 
 10 26 water, lake, ocean, river, sea 
 11 26 boy, son 
 12 24 girl, daughter 
 13 21 pier, dock 
 14 18 book 
 15 18 tree 
 16 16 car 
 17 16 driveway, path, road, street 
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 18 15 garage, parked (car) 
 19 15 shoes, sandals, sneakers 
 20 13 fish (noun) 
 21 13 couple, two (people), parents 
 22 13 radio, boombox 
 23 11 flag, flagpole 
 24 11 glass, cup, glasses 
 25 10 blanket, carpet 
 26 8 shovel 
 27 7 pail, bucket 
 28 7 sky, clouds 
 29 6 fisherman 
 30 4 basket 
 31 3 (man’s) glasses 
 32 3 bottle, thermos 

Unambiguous Actions 33 31 fishing, caught (a fish), catching (a fish) 
 34 31 flying (a kite), pulling (a kite) 
 35 31 building (a sandcastle), making (a sandcastle), playing (in 

the sand), built a sandcastle 
 36 26 reading 
 37 21 pouring 
 38 18 enjoying, relaxing, happy, having a good time, relaxed, 

(having) fun 
 39 17 (dog is) chasing, (dog is) following, chased 

 40 8 sailing, cruising 
Unambiguous Properties 41 17 beautiful, idyllic, nice, lovely, pleasant, calm 

 42 10 big, large 
Ambiguous-Referent Entities 43 31 man, father, dad, gentleman, grandpa, husband, hubby, pops 

 44 31 grass, yard, shrubbery, park, enclave, grassy, place, bushes, 
environment, foliage, gable, hill, mountains, scenery, spot, 

trees, forest 
 45 30 someone, guy, fellow, somebody, person, jabroni, adult 

 46 24 family, people, everyone, families, occupants 
 47 12 inlet, lakeside, seashore, seaside, bay, oceanside, shore, 

wharf 
 48 8 kid, kids, children 

 49 5 shorts 
 50 3 t-shirt 

Ambiguous-Referent Actions 51 12 running 
 52 6 sitting 
 53 5 wearing 
 54 4 bloom, blossomed, blooming 

Ambiguous-Referent Properties 55 27 little, young, younger 
Unambiguous But Inferred (Not 

Physically Present / Abstract) 
56 20 summer, sun, sunny, summertime, weather, season, spring, 

warm 
 57 16 music, listening to (music), (playing) music 
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 58 16 day, afternoon, vacation, retreat 
 59 9 scene, picture 
 60 9 activities, recreational, sport 
 61 8 outside 
 62 4 breeze, windy 
 63 4 sandwich(es), food 

Ambiguous-Referent Spatial 
Relations 

64 31 across, around, background, behind, beside, close, distance, 
distant, far, foreground, front, left, nearby, next to, right, side 

 

 

For 49 out of 101 transcripts (9 svPPA, 8 lvPPA, 8 nfvPPA, and 24 HC), the total number of 

CU scores increased using the CU-uniqueref method relative to the Berube et al. (2019) method. 

For 87.8% of score changes, the increase was 1 or 2 points (see Appendix A). Similarly, the 

informativeness scores of 49 out of 101 transcripts (9 svPPA, 8 lvPPA, 8 nfvPPA, and 24 HC) 

increased with the CU-uniqueref method. For 18.0% of score increases, the change in 

informativeness was greater than 1.5%. 

 

Table 2.3. The results of the CU-uniqueref method based on our healthy control sample (n = 31). 
The number of participants who used a content unit from the corpus is indicated in the right 
column. See Figure 2.1 to refer to the six specific agents within the WAB-R ‘Picnic Scene’. 
 

Category CU # Referent CU # Count 
Ambiguous-Referent 

Entities 43   31 
  43a 42 18 
  43b 29  15 
 44  No Pattern 31 
 45   30 
  45a 11 5 
  45b 12 2 
  45c 42  5 
  45d 29  11 
 46   24 
  46a 11, 12, 8, 42  16 
  46b 11, 12, 8, 42, 29 4 
  46c Ambiguous 4 
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 47   12 
  47a 58 7 
  47b 12 1 
  47c 29  4 
 48   8 
  48a 11 8 
  48b 12 5 
 49   5 
  49a 11 3 
  49b 8 + 42 1 
  49c 42 1 
 50   3 
  50a 11 2 
  50b 8 1 

Ambiguous-Referent 
Actions 51   12 

  51a 11 4 
  51b 4 6 
  51c 11 + 4 5 
 52   6 
  52a 8 1 
  52b 42 3 
  52c 8 + 42 3 
 53   5 
  53a 11 2 
  53b 8 + 42 1 
  53c 42 2 
  53d 29  1 
 54  15 4 

Ambiguous-Referent 
Properties 55   27 

  55a 11 12 
  55b 12 16 
  55c 4 2 
  55d 2 1 
  55e 43 1 

Ambiguous-Referent: 
Spatial Relations 64   31 

  64a 2 31 
  64b 6 15 
  64c 11 12 
  64d 15 11 
  64e 23 7 
  64f 4 7 
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  64g 21 7 
  64h 29 6 
  64i 43 6 
  64j 16 5 
  64k 22 4 
  64l 17 3 

 

There was a significant effect of group on CU production for both the original (F(3, 97) = 

36.2, p <.001) and CU-uniqueref (F(3, 97) = 35.6, p <.001) methods (see Table 2.4). Post-hoc 

comparisons were conducted using pairwise t-tests using Bonferroni adjusted alpha levels of 

.008 (.05/6) and reported alongside Hedges’ g effect sizes. For both the original and CU-

uniqueref methods, all three PPA variants demonstrated reduced production of unique CUs 

relative to HCs (ps <.001, gs > 1.28). Although as a group the nfvPPA participants were 

impaired relative to HCs, they produced more CUs than the svPPA and lvPPA groups (p <.005, g 

> 0.96; see Table 2.4). Across methods, there were no significant differences between svPPA 

and lvPPA. 

 
Table 2.4. The average CU and Informativeness scores derived from both the original Berube et 
al. (2019) and CU-uniqueref methods for all participants. 
 

Method Group CUs (SD) CU effect size 
vs. HCs 

(Hedge’s g) 

Informativeness 
(SD) 

Informativeness 
effect size vs. HCs 

(Hedge’s g) 
Original Berube et 

al. (2019) 
HC 28.5 (6.46) - 20.9% (5.67) - 

 lvPPA 14.5 (5.81)***¨ 2.25 11.7% (5.18) ***¨ 1.75 
 nfvPPA 20.3 (6.07) *** 1.28  23.1% (9.45) -0.29 
 svPPA 13.0 (5.67) ***¨ 2.47 11.1% (6.46) ***¨ 1.69 

CU-uniqueref HC 30.0 (7.99) - 21.9% (5.87) - 
 lvPPA 14.8 (6.07) ***¨ 2.23 11.9% (5.26) ***¨ 1.86 
 nfvPPA 20.8 (6.19)*** 1.33 23.5% (9.31) -0.22 
 svPPA 13.7 (6.24) ***¨ 2.34 11.7% (7.02) ***¨ 1.65 

*** p <.001 relative to HCs; ¨ p <.005 relative to nfvPPA 
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Similarly, there was a significant effect of group on informativeness (CUs/total utterances) 

for both the original (F(3, 97) = 20.6, p <.001) and CU-uniqueref (F(3, 97) = 21.1, p <.001) 

methods. As hypothesized, post-hoc comparisons demonstrated that both svPPA and lvPPA 

exhibited impairment in the informativeness of speech relative to HCs (ps <.001, gs > 1.27) 

across methods, whereas the informativeness of speech by the nfvPPA group was not impaired 

relative to HCs (see Figure 2.3). Across methods, the informativeness of nfvPPA output was 

greater than that of svPPA and lvPPA (ps <.001, gs > 1.40), but there were no significant 

differences between svPPA and lvPPA. 

 

Figure 2.3. Relative to controls, both lvPPA and svPPA exhibited reduced informativeness of 
speech, whereas the nfvPPA group did not. The informativeness of speech output by the nfvPPA 
group was greater than that of lvPPA and svPPA. Informativeness is defined as the number of 
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unique CUs divided by the total number of utterances an individual produced. This figure 
illustrates data from the CU-uniqueref method of analysis. The error bars represent the 95% 

confidence interval of the median for each group. Black asterisks represent a significant 
difference to healthy controls (HC) and blue asterisks to nfvPPA (* p <.05, ** p <.01, *** p 

<.001). 

 

Self-referential, Empty, or Other Atypical Speech  

There was a significant main effect of group for the proportion of statements that were self-

referential (F(3, 97) = 10.7, p <.001) or the statements in which the patient described their 

inability to do the task (F(3, 97) = 14.5, p <.001), as well as empty speech (F(3, 97) = 29.2, p 

<.001) and false starts (F(3, 97) = 17.9, p <.001) (see Figure 4 and Appendix B). A group effect 

for tangential statements was not present (F(3, 97) = 2.42, p = .071). Post-hoc comparisons 

demonstrated that, as hypothesized, the speech samples of svPPA patients contained a greater 

proportion of self-referential statements than lvPPA, nfvPPA, and HC (ps <.001, gs > 0.94). 

There were no significant differences among the lvPPA, nfvPPA, and HC groups (ps > .150). For 

statements about inability, both svPPA and lvPPA made more comments about their own 

difficulties with the task than nfvPPA (p <.001, g > 1.09) and HC (ps <.001, gs > 1.21), whereas 

nfvPPA and HC did not differ (p = .790). Whereas the overall effect of group only trended 

towards significance, svPPA produced numerically more tangential statements than HC (p = 

.058), however, there were no differences between lvPPA, nfvPPA, and HC (ps > .536).  
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Figure 2.4. The svPPA group exhibited more self-referential speech output, statements about 
inability to perform the task, and empty speech relative to controls. The lvPPA group also 

exhibited more statements about inability to perform the task and empty speech, as well as false 
starts, compared to controls. The nfvPPA group did not differ from HCs on any measure 

examined here. The svPPA group exhibited more self-referential speech than lvPPA whereas the 
lvPPA group exhibited more empty speech and false starts than svPPA. There were no 

significant group differences for tangential speech. The y-axis shows the proportion of each of 
these categories of speech relative to total utterances. The error bars represent the standard 
deviations from group means. Asterisks represent a significant difference relative to another 

group (black = HC, blue = nfvPPA, red = lvPPA, purple = svPPA; * p <.05, ** p <.01, *** p 
<.001). 

 

With regard to empty speech, as hypothesized, lvPPA produced significantly more empty 

output than HC (p <.001, g > 1.29) whereas svPPA (p = .046) and nfvPPA did not differ from 

HC (p = .115). Finally, as hypothesized, lvPPA produced significantly more false starts than 

svPPA, nfvPPA, and HC (p <.001, g > 0.84), however, there were no significant differences 
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between svPPA and HC (p = .503), nfvPPA and HC (p = .043), nor svPPA and nfvPPA (p = 

.082). 

Discussion 

In this work, we asked two questions about functional communication in primary progressive 

aphasia (PPA). First, we asked whether patients in the mild stages of each of three variants of PPA 

exhibit reduced ability to convey information in a picture description task. And second, we 

examined how different aspects of speech output may contribute to the reduction in speech 

informativeness. In particular, we asked whether patients in the three variants of PPA differ with 

respect to the production of self-referential, empty, or other atypical speech during this task. Such 

differences are often discussed among clinicians and investigators, but have not received sufficient 

attention in the prior literature. 

To tackle the first question, we built on recent work by Berube et al. (2019), who proposed a 

method to quantify the comprehensiveness of speech output in individuals with aphasia using a 

picture description task and a coding system based on ‘content units’ or CUs – concepts that are 

present in the output of healthy controls. Using this approach, Berube et al. (2019) reported fewer 

CUs in the speech output of individuals with chronic stroke aphasia and of individuals with PPA. 

We proposed an adjustment to the coding method (which we termed CU-uniqueref) to 

disambiguate cases where the same CU could refer to one of multiple referents in the picture, and 

additionally examined informativeness - the proportion of CUs to all utterances - which more 

precisely targets functional communication given that raw CU counts do not penalize 

semantically-empty/irrelevant speech output. For example, imagine that two patients are each 

trying to communicate some target concept. The first patient says one word that corresponds to the 

target concept, but the second patient produces a minute worth of speech filled with false starts, 
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statements about how s/he cannot find the right word, and tangents, although in the end is able to 

retrieve the word. Raw CU count would be the same between the two, but the informativeness 

would be much lower in the second case. 

We replicated Berube et al.’s finding that PPA patients produce fewer CUs than controls 

(Berube et al., 2019).  Critically, as predicted based on our clinical experience and prior literature, 

we observed important differences among the three PPA variants in their ability to convey 

information relevant to the picture. In particular, svPPA and lvPPA patients’ speech demonstrated 

reduced information content, although the svPPA exhibited greater variability. The nfvPPA 

patients did not differ from controls in informativeness. These results demonstrate that 

grammatical impairment (a core feature of nfvPPA [Gorno-Tempini et al., 2011]) does not lead to 

a reduction in informativeness, whereas anomia (a core feature of both lvPPA and svPPA [Gorno-

Tempini et al., 2011]) and semantic memory impairment (a core feature of svPPA [Gorno-Tempini 

et al., 2011]) do. Importantly, raw CU count analysis alone causes the nfvPPA population to appear 

to have a deficit relative to controls, albeit a smaller one than that of lvPPA and svPPA. In contrast, 

the informativeness analysis demonstrates that the amount of information that nfvPPA patients 

communicate is similar to that of healthy age-matched adults, thereby motivating the importance 

and value of examining measures such as informativeness in this population. 

These results align well with and complement findings from prior investigations of PPA 

speech output. For example, prior studies have reported that the speech of nfvPPA patients is 

slower (Wilson et al., 2010; Rogalski et al., 2011; Ash et al., 2013; Cordella et al., 2017; Cordella 

et al., 2019) and contains fewer words (Wilson et al., 2010; Ash et al., 2013; Graham et al., 2004, 

Fraser et al., 2014; Ash & Grossman, 2015), contains errors in closed-class words (Knibb et al., 

2009; Meteyard & Patterson, 2009; Sajjadi et al., 2012a), syntactic agreement errors (Graham et 
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al., 2004; Sajjadi et al., 2012a), and few or no complex syntactic structures (Graham et al., 2004; 

Sajjadi et al., 2012a). It also exhibits lower narrative coherence (Ash & Grossman, 2015; Ash et 

al., 2006; Sajjadi et al., 2012a). In line with these reports, we found that the average number of 

content units (CUs) produced by nfvPPA was lower relative to controls (although it was 

significantly higher than for lvPPA and svPPA). However, critically, controlling for the total 

amount of output, we found that nfvPPA produced speech output that did not differ from controls 

in the amount of information conveyed. This finding stands in contrast to prior claims of reduced 

informativeness in nfvPPA (Graham et al., 2004, Ash & Grossman, 2015; Ash et al., 2006; Sajjadi 

et al., 2012a), but aligns with a recent systematic review (Boschi et al., 2017), which concluded 

that word meanings and semantic structure appear to be largely preserved in this PPA variant. 

With respect to svPPA, prior studies have reported lower speech rate (Ash et al., 2006, 2013; 

Meteyard & Patterson, 2009; Wilson et al., 2010; Sajjadi et al., 2012b; Fraser et al., 2014; Ash & 

Grossman, 2015) but similar total number of words produced (Ash et al., 2013), and, critically, 

fewer nouns and frequent semantic errors (Ash et al., 2013; Fraser et al., 2014; Ash & Grossman, 

2015), in the presence of relative preservation of syntactic abilities (Ash et al., 2006; Ash & 

Grossman 2015). The words that svPPA produce tend to be more frequent and less specific 

[Grossman, 2018, Wilson et al., 2010; Ash et al., 2013; Graham et al., 2004; Fraser et al., 2014). 

In line with these findings and prior reports of reduced informativeness (Graham et al., 2004, Ash 

& Grossman, 2015; Ash et al., 2006; Sajjadi et al., 2012b), we found a reduction in both raw CU 

counts and informativeness in svPPA relative to controls (and nfvPPA). 

Finally, with respect to lvPPA, perhaps the least well-understood variant, prior studies have 

observed lower speech rate (Wilson et al., 2010; Ash et al., 2013; Ash & Grossman, 2015), fewer 

open-class words (Wilson et al., 2010; Ash & Grossman, 2015), frequent phonemic errors (Wilson 
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et al., 2010; Ash et al., 2013; Ash & Grossman, 2015), as well as numerous false starts and filled 

pauses (Wilson et al., 2010; Ash et al., 2013). As in svPPA, syntactic abilities appear to be largely 

preserved (Ash et al., 2013; Ash & Grossman, 2015). In line with this profile, and similar to svPPA, 

we found a reduction in both raw CU counts and informativeness in lvPPA relative to controls 

(and nfvPPA). 

To address the second question about the factors that contribute to reduced informativeness 

of speech in svPPA and lvPPA, we quantified the presence of five types of task-irrelevant speech 

output: self-referential speech, speech referring to one’s inability to perform the task, tangential 

statements, empty speech, and false starts. As predicted, svPPA patients produced a large number 

of self-referential utterances about their own lives related to the scene depicted in the picture but 

tangential to the task, in addition to statements about their inability to decipher the picture, retrieve 

a word, or accurately describe a referent in the picture. Similar to svPPA, lvPPA patients produced 

many statements related to their inability to perform the task, but in contrast to svPPA, they did 

not produce many/any self-referential statements, and instead had a large amount of empty 

(uninformative or indecipherable) speech (see 2.5 and Figure 2.2 for examples), as well as 

numerous false starts. The latter were plausibly related to failed lexical retrieval attempts. Thus, 

the reasons for reduced informativeness in these two variants are at least partially dissociable. As 

for nfvPPA, in line with a similar level of informativeness (to that of controls), nfvPPA patients’ 

task-irrelevant speech was similar to that of controls, both qualitatively and quantitatively. 

In conclusion, the current results demonstrate that functional communication assessed in a 

task that closely approximates everyday interactions is not ubiquitously impaired across the PPA 

variants in the mild stages of the disease. In particular, whereas svPPA and lvPPA patients show 

a reduction in information content, driven by partially distinct factors, nfvPPA patients are able to 
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produce informative output in spite of grammatical difficulties. These findings highlight the 

importance of assessing functional communication in paradigms that elicit naturalistic speech, in 

addition to more structured task paradigms that may i) place additional executive demands (such 

as attention and working memory) and thus obscure important patterns of preserved ability to 

communicate, and/or ii) focus on aspects of language that may be theoretically important, but less 

so for communicative abilities, like syntactic abilities. Future directions of this work include a 

longitudinal analysis of informativeness in naturalistic speech production to monitor changes in 

the different variants as the disease progresses. 
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Chapter 3. The Emergence of a Wernicke’s-like Aphasia in Patients with Logopenic Variant 

Primary Progressive Aphasia1 
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Abstract 

Background: Logopenic variant primary progressive aphasia (lvPPA) is a devastating 

neurodegenerative disease characterized by progressive anomia. There is compelling evidence in 

the literature that there is a form of lvPPA where the clinical syndromes evolve to a Wernicke’s-

like presentation (WlvPPA) with additional deficits in speech fluency and comprehension and 

heightened occurrence of jargon and phonological errors. 

Aims: We aimed to determine whether WlvPPA performance on assessments of speech fluency, 

auditory comprehension, functional communication, and meaningfulness of speech output is 

quantifiably distinct from “typical” lvPPA as well as “typical” semantic variant PPA (svPPA).  

Methods and Procedures: Behavioral data was collected from 27 individuals with PPA: 12 

“typical” lvPPA, 12 “typical” svPPA, and 3 WlvPPA. We conducted longitudinal analyses of 

measures derived from speech samples and performance on standardized assessments.  

Outcomes and Results: WlvPPA, lvPPA and svPPA do not differ on confrontation naming. 

WlvPPA and lvPPA performance does not differ on repetition or single word comprehension (a 

core impairment of svPPA), however, WlvPPA performance on assessments of speech fluency, 

auditory comprehension, functional communication, and speech meaningfulness is significantly 

worse and differentiates this profile from “typical” lvPPA. 

Conclusions: Our findings indicate that assessments of auditory comprehension, functional 

communication, and meaningfulness of speech capture deficits specific to WlvPPA for patients 

who initially best fit the criteria for the lvPPA diagnosis (Gorno-Tempini et al., 2011). These 

findings add to the growing body of literature that the current lvPPA classification may be 

underspecified. 
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Introduction 

Logopenic variant primary progressive aphasia (lvPPA) is a neurodegenerative aphasic 

syndrome with devastating, progressive effects on language (Gorno-Tempini et al., 2008; Gorno-

Tempini et al., 2011), where the most common underlying pathology is Alzheimer’s disease 

(Gorno-Tempini et al., 2008; Leyton et al., 2011). “Typical” presentations of lvPPA are 

characterized by core impairments in word-retrieval and repetition with predominant atrophy and 

hypometabolism in left temporo-parietal cortex (Gorno-Tempini et al., 2004; Gorno-Tempini et 

al., 2011). The typical progression of lvPPA before global decline is an intensification of these 

primary deficits with hesitations in spontaneous speech due to word-retrieval difficulties 

(Dickerson, 2011; Gorno-Tempini et al., 2011; Rogalski et al., 2011; Machulda et al., 2013; 

Gorno-Tempini et al., 2008; Ash et al., 2013).  

There is compelling evidence in the literature that indicates the existence of a rare form of 

lvPPA that evolves into a fluent aphasia, characterized by the increased production of 

unintelligible and/or empty speech and additional impairments in auditory comprehension 

(Rohrer et al., 2009; Knels & Danek, 2010; Caffarra et al., 2013; Mesulam et al., 2014; Mesulam 

et al., 2015; Bodner, Domahs, & Benke, 2015). Historically, the term “Wernicke’s” has been 

reserved for fluent aphasia that presents with auditory comprehension deficits due to damage to 

the posterior superior temporal gyrus, typically caused by stroke (Ellis, Miller, & Sin, 1983; 

Nicholas, Obler, Albert, & Helms-Estabrooks, 1985; Hart & Gordon, 1990).  

The first known documentation of a progressive, Wernicke’s-like, loss of language is a report 

by a French psychiatrist, Paul Sérieux, who described a patient with aphasia whose symptoms 

became increasingly characterized by deficits in comprehension (as cited in Mesulam et al., 

2014, p. 555; Sérieux, 1893). Since then, multiple studies of individuals with diagnoses of PPA 
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with Wernicke’s-like symptoms have been published. In these studies, patients who initially 

exhibit selective deficits in naming and repetition, as in typical lvPPA, are described to 

progressively develop deficits in comprehension (Caffarra et al., 2013; Morin & Teichmann, 

2018) and to utilize neologisms (the usage of words and/or phrases that only hold meaning to the 

speaker) and excessive jargon (utterances of an aphasic individual that are unintelligible to 

others; alternatively described as “jargonaphasia”; Deramecourt et al., 2010; Pilkington et al., 

2017; Caffarra et al., 2013; Bodner et al., 2015; Morin & Teichmann, 2018). Additionally, these 

patients are reported to develop atypically fluent, or hyperfluent, speech often riddled with 

jargon (Caffarra et al., 2013; Morin & Teichmann, 2018), a phenomenon that reflects a reduction 

in inhibitory control and increases the proportion of utterances in spontaneous speech. 

Importantly, hyperfluency and proportion of speech output do not reflect semantic density: in 

these patients, speech output is characterized to be relatively empty due to the high proportion of 

incomprehensible utterances and is thus not meaningful or relevant to the context (Caffarra et al., 

2013; Morin & Teichmann, 2018). 

 In summary, the behavioral profile of individuals with Wernicke’s-like lvPPA includes 

progressive decline in both cognitive-linguistic domains that further impact functional 

communication ability. Based on the overlaps with the Wernicke’s aphasia reported in the post-

stroke literature, we will from now on refer to this presentation as WlvPPA. Comparisons of 

typical lvPPA and Wernicke’s aphasia can be found in Table 3.1. Although the existence of a 

WlvPPA profile has been well-documented in the literature (Rohrer et al., 2009; Knels & Danek, 

2010; Caffarra et al., 2013; Mesulam et al., 2015; Bodner, Domahs, & Benke, 2015; Morin & 

Teichmann, 2018), we are unaware of any study that has directly compared the clinical 

presentation of WlvPPA to lvPPA. Therefore, the goal of this study was to expand on this 
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previous work that establishes the existence of a rare WlvPPA variant by conducting a 

longitudinal analysis across a range of psycholinguistic variables, including measures of 

comprehension, fluency, and functional communication. Such quantitative measures can 

accurately capture the symptoms that may clearly distinguish WlvPPA from the typical 

presentation of lvPPA. Furthermore, the use of such metrics is essential to appropriately monitor 

change and responsiveness to intervention.  

To accomplish this, 15 individuals diagnosed with lvPPA during the initial assessment 

completed comprehensive speech and language assessments over the course of two years at a 

minimum of three timepoints. Furthermore, in order to establish whether WlvPPA is a divergent 

presentation of lvPPA, rather than a misdiagnosis, we also studied 12 individuals with typical 

svPPA longitudinally. We propose that 1) quantitative measures of speech fluency, here defined 

as the proportion of speech to pauses derived from speech samples, 2) assessment of speech 

relevance (the proportion of task-relevant speech to all speech), and 3) standardized measures of 

word-retrieval, repetition, single word comprehension, and auditory comprehension, best 

characterize the clinical progression of lvPPA and any divergent presentations, such as WlvPPA. 
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Table 3.1. Differentiating between lvPPA (Gorno-Tempini et al., 2011) and Wernicke’s aphasia 
(Wernicke, 1874; Goodglass et al., 2001; Binder, 2003; Robson, Sage, & Lambon Ralph, 2012; 
Mesulam et al., 2015) at the mild to moderate stages. 
 

Domain lvPPA Wernicke’s aphasia 
Speech Fluency hypofluent hyperfluent 

Word Retrieval and 
Expression 

impaired with presence of 
anomia and phonological 

paraphasias 

impaired with presence of anomia, 
phonological paraphasias, neologisms and 

jargonaphasia 
Repetition impaired impaired 

Auditory Comprehension x impaired 
Single Word Comprehension x x 
Functional Communication impaired more impaired 

  x: lack of impairment 

 

Methods 

Participant Characteristics 

Behavioral data was collected from 27 right-handed individuals who were native English 

speakers with “typical” lvPPA (N = 12; mean age: 72.5, range: 64.1-82.2; 6 female), “typical” 

svPPA (N = 12, mean age: 71.4, range = 65.2-79.1; 6 female) and WlvPPA presentations (N = 3; 

mean age: 72.33, range: 67.1 – 83.0; 1 female). Participants were recruited from the 

Frontotemporal Disorders Unit at Massachusetts General Hospital (MGH) and consented through 

an approved Partners Internal Review Board process. Reported age corresponds to the age at the 

beginning of testing. All participants were diagnosed with PPA through a consensus of a speech-

language pathologist and a neurologist. Patients whose primary symptoms included impaired 

word-finding and repetition over multiple consecutive time points without any documented 

increases in fluency were grouped as lvPPA patients, whereas patients with primary deficits 

within domains of single word comprehension and confrontation naming were grouped as svPPA 

(Gorno-Tempini et al., 2011). Longitudinally-tracked patients who best fit the lvPPA 

classification at the initial assessment, though imperfectly (W2 exhibited questionable 
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impairment of single word comprehension, see Table 3.2), with consistent documentation of 

fluency patterns atypical of lvPPA that developed after these initial assessments were classified 

as WlvPPA patients. Atypical fluency patterns included increased speech production 

(hyperfluency), and heightened presence of paraphasias and jargonaphasia. Individuals were 

excluded from the study if any of the following clinical criteria applied: participant (1) had been 

too impaired for clinical testing, (2) exhibited comorbidities, such as a history of psychiatric 

illness, or (3) had an incomplete record / not enough information for a confident diagnosis. 

Speech Sample Analysis 

Structured speech samples on descriptions of the Western Aphasia Battery - Revised 

“Picnic Scene” (WAB-R; Kertesz, 2007) were collected and recorded at every assessment. Each 

sound file was processed through PRAAT (Boersma & Weenink, 2019) to mark syllables 

(speech events) and pauses using a script by De Jong and Wempe (2009), where syllable 

boundaries were defined as peak sound intensities framed by declines. Audio recordings were 

then processed using a MATLAB-based program, Speech Pause Analysis (SPA), to 

algorithmically estimate speech and pause segments in continuous speech (Green, Beukelman, & 

Ball, 2004). The variable of interest within a given speech sample was the proportion of speech 

to pauses (the number of speech events / number of pause events).  
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Language Domain Ratings  

We used the Progressive Aphasia Severity Scale (PASS; Sapolsky et al., 2010; Sapolsky 

et al., 2015) as a monitoring tool to compare the progression of overall speech and language and 

specific domains between typical lvPPA and WlvPPA. Severity indexes of the PASS were used 

to identify and rate speech-language impairments for functional communication. All scores were 

rated based on a synthesis of performance on a comprehensive language battery, which includes 

standardized assessments, evoked speech samples, speech-language pathologist clinical 

judgement, and caregiver interview.  

The PASS domains were rated and reviewed by two individual speech-language 

pathologists. Supplemented by patient/caregiver interviewers and clinical judgement, 

standardized assessments were used to assess the domains of confrontation naming (by naming 

pictures; 30-item Boston Naming Test; BNT; Kaplan, Goodglass, & Weintraub, 2001), repetition 

(by repeating verbally-presented phrases; Repetition subtest of the WAB-R; Kertesz, 2007), 

auditory comprehension (by following verbalized instructions; Auditory Commands subtest of 

the WAB-R; Kertesz, 2007), and single word comprehension (by identifying pictures based on 

verbalized names; Cambridge Semantic Battery; CSB; Adlam et al., 2000) over multiple time 

points with a minimum of six months and a maximum of a year between each test date.  
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Table 3.2. Progressive Aphasia Severity Score (PASS) Ratings for the WlvPPA patients on T1 
and T4 of the longitudinal analysis for measures of functional communication, confrontation 
naming, repetition, auditory comprehension, and single word comprehension.  
 

 PASS Scores 
Participant W1 W2 W3 
Timepoint T1 T4 T1 T4 T1 T4 

Functional Communication 0.5 2 0.5 2 1 3 
Confrontation Naming 0.5 2 0.5 1 0.5 1 

Repetition 1 2 1 2 1 2 
Auditory Comprehension 0 1 0 2 0 2 

Single Word Comprehension 0 1 0.5 0.5 0 1 
 

 

The supplemental language box scores of the Clinical dementia rating (CDR) scale 

(Morris et al., 1993) were gathered to assess global language ability at initial assessment 

(Knopman, Weintraub, & Pankratz, 2011; Sapolsky, Domoto-Reilly, & Dickerson, 2015; see 

Table 3.2). Participants were matched based on initial assessment scores for both of these 

domains (see Table 3.3).  
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Table 3.3. PASS Ratings in functional communication and the Clinical Dementia Rating (CDR) 
Instrument for language at initial assessment (0 = normal/no impairment, 0.5 = 
questionable/very mild, 1 = mild, 2 = moderate, 3 = severe). 
 

Participant Functional Communication CDR Language Box 
lvPPA 1 0.5 0.5 
lvPPA 2 0.5 0.5 
lvPPA 3 1 1 
lvPPA 4 0.5 1 
lvPPA 5 1 1 
lvPPA 6 0.5 0.5 
lvPPA 7 0 0.5 
lvPPA 8 0.5 0.5 
lvPPA 9 0.5 0.5 
lvPPA 10 0.5 0.5 
lvPPA 11 0 0.5 
lvPPA 12 0.5 0.5 
svPPA 1 0.5 0.5 
svPPA 2 0.5 1 
svPPA 3 0.5 1 
svPPA 4 1 1 
svPPA 5 1 1 
svPPA 6 0.5 1 
svPPA 7 0.5 0.5 
svPPA 8 0 0.5 
svPPA 9 1 1 
svPPA 10 1 1 
svPPA 11 1 0.5 
svPPA 12 0.5 1 
WlvPPA 1 0.5 0.5 
WlvPPA 2 0.5 0.5 
WlvPPA 3 1 1 

 

 

Meaningfulness 

For every speech sample, we calculated the proportion of meaningful utterances, where 

meaningfulness = all utterances – (false starts, filler words, unintelligible speech). False starts 

were defined as isolated phonemic cluster productions (e.g., “pf-”), filler words as empty 



 49 

involuntary productions (e.g., “um” or “uh” or “you know”), and unintelligible speech as 

multisyllabic utterances with unclear meaning (e.g., paraphasias).  

Behavioral Analyses 

Two-way interaction analyses of variance (ANOVAs) were used to estimate the 

relationship between the proportion of speech to pause events, performance on domains of 

confrontation naming, repetition, auditory comprehension, single word comprehension, and 

functional communication, and finally, the proportion of meaningful utterances, where variables 

of diagnosis, time point, and the interaction of group diagnosis and time were assessed relative to 

all outcomes of interest. Post-hoc Tukey tests were utilized to further characterize the effect of 

diagnosis and time.  

Results 

Speech Production 

A two-way ANOVA on the production of speech to pause events showed a significant 

main effect of diagnostic group (F(2, 90) = 8.77, p < .001) and an interaction between group and 

time point (F(6, 90) = 2.35, p = .038), but no significant main effect of time (F(3, 90) = 0.52, p = 

.673; see Figure 3.1). A post hoc Tukey test demonstrated that WlvPPA (mean = 0.46, SD = 

0.14) produced significantly greater proportions of speech overall than lvPPA (mean = 0.29, SD 

= 0.13; p < .001) and svPPA (mean = 0.35, SD = 0.14; p = .024). Speech production did not 

differ significantly between lvPPA and svPPA (p = .0873). For the interaction of diagnosis and 

time, WlvPPA production was significantly greater than that of lvPPA but not svPPA at T3 (plv = 

.005, g = 1.89; psv = .154) and T4 (plv = .048, g = 2.64; psv = .086), however, lvPPA and svPPA 

did not differ from one another at either T3 or T4 (pT3 = .999; pT4 = .997). 
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Figure 3.1. The proportion of speech to pause events were calculated through acoustic analyses 
in PRAAT. This proportion provides insight on how many utterances were communicated in a 

given speech sample and thus a facet of fluency. Unlike typical lvPPA and svPPA patients, 
whose fluency did not change significantly over the timespan of testing, WlvPPA speech evolved 

to be hyperfluent by T3 and T4.  
 

PASS Scores 

For functional communication, there were significant main effects of group (F(2, 88) = 

7.39, p = .001) and timepoint (F(3, 88) = 7.07, p <.001) but not of the interaction (F(6, 88) = 

1.02, p = .421). Post hoc Tukey tests showed that functional communication deficits were greater 

for WlvPPA (mean = 1.50, SD = 0.77) than lvPPA (mean = 0.81, SD = 0.61; p <.001) and 

svPPA (mean = 0.93, SD = 0.53; p <.005) but that there was no difference between lvPPA and 

svPPA (p = .559; see Figure 3.2). Severity of functional comprehension scores increased 

significantly between T1 (mean = 0.59, SD = 0.31) and T3 (mean = 1.16, SD = 0.62; p = .002) 

and from T1 to T4 (mean = 1.34, SD = 0.87; p <.001).  
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Figure 3.2. PASS (Sapolsky et al., 2011; Sapolsky et al.; 2014) scores for functional 
communication over time for “typical” lvPPA, svPPA, and WlvPPA. Functional communication 
ability was rated as significantly more severe for WlvPPA than lvPPA (p <.001) and svPPA (p 

<.005). 
 

There was a main effect of timepoint on confrontation naming (F(3, 84) = 3.97, p = .011) 

but not of group (F(2, 84) = 0.10, p = .905), nor was the interaction significant (F(6, 84) = 0.36, p 

= .901). Naming ability worsened across all groups between T1 (mean = 0.78, SD = 0.45) and T4 

(mean = 1.35, SD = 0.58; p = .008).  

There was a main effect of group on repetition (F(2, 83) = 18.7, p <.001) but not of 

timepoint (F(3, 83) = 1.68, p = .179) nor was the interaction significant (F(6, 83) = 1.03, p = 

.410). WlvPPA (mean = 1.33, SD = 0.65) repetition deficits were significantly greater than those 
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of lvPPA (mean = 0.85, SD = 0.58; p = .009) and svPPA (mean = 0.45, SD = 0.28; p <.001). 

Furthermore, these deficits were greater for lvPPA than svPPA (p <.001).  

There were significant main effects of group (F(2, 88) = 7.72, p < .001) and timepoint (F(3, 

88) = 6.00, p < .001) for auditory comprehension, but not of the interaction of group and time 

(F(6, 88) = .098, p = .996). Post hoc Tukey testing showed that auditory comprehension deficits 

were significantly greater for WlvPPA (mean = 1.33, SD = 0.61) than both lvPPA (mean = 0.80, 

SD = 0.53; p = .007) and svPPA (mean = 0.67, SD = 0.54; p <.001), and that this deficit did not 

differ significantly between lvPPA and svPPA (p = .489). Severity of auditory comprehension 

scores increased significantly from T1 (mean = 0.50, SD = 0.44) to T3 (mean = 0.96, SD = 0.59; 

p = .010) and T1 to T4 (mean = 1.15, SD = 0.70; p = .001). 

Finally, there were significant main effects of group (F(2, 90) = 13.7, p <.001) and 

timepoint (F(3, 90) = 4.80, p = .004) on single word comprehension, however, the interaction 

was not significant (F(6, 83) = 0.168, p = .985). While WlvPPA (mean = 0.50, SD = 0.30) and 

lvPPA (mean = 0.45, SD = 0.55; p = .946) did not differ on measures of single word 

comprehension, this deficit was more pronounced for svPPA (mean = 0.99, SD = 0.51) than 

WlvPPA (p = .008) and lvPPA (p <.001). For all groups, single word comprehension deficits 

became significantly more impaired from T1 at T3 (mean = 0.84, SD = 0.67, p = .043) and T4 

(mean = 1, SD = 0.66, p = .004).  

Meaningfulness  

There was a significant effect of group (F(2, 90) = 43.8, p <.001), timepoint (F(3, 90) = 

12.4, p <.001), and an interaction between group and timepoint (F(6, 90) = 2.60, p = .023) for the 

proportion of meaningful utterances in speech production. Post-hoc Tukey comparisons 

demonstrated that, overall, lvPPA (mean = 72.4%, SD = 11.5) produced more meaningful 
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utterances than svPPA (mean = 66.2%, SD = 11.4; p = .016) and WlvPPA (mean = 41.0%, SD = 

18.6; p <.001; see Figure 3.3). Furthermore, svPPA produced significantly more meaningful 

utterances than WlvPPA (p <.001). Meaningfulness was significantly reduced between T1 

(meanT1 = 75.1%, SDT1 = 9.49) and T2 (meanT2 = 67.7%, SDT2 = 12.1%; p = .047), T1 and T3 

(meanT3 = 61.4%, SDT3 = 16.1%; p <.001), T1 and T4 (meanT4 = 58.7%, SDT4 = 19.7; p <.001), 

and T2 and T4 (p = .022). Finally, for the interaction of diagnosis and time, meaningfulness did 

not differ between lvPPA and svPPA at any timepoint (p > .409). In contrast, WlvPPA 

meaningfulness was significantly reduced relative to lvPPA and svPPA at T3 (p <.001), and T4 

(p = .001). At T2, WlvPPA meaningfulness was only significantly lower than that of lvPPA (p = 

.003) but not svPPA (p = .099), and for T1, there were no significant differences (p > .902). 

 

Figure 3.3. The percentage of meaningful utterances in speech production over time for 
“typical” lvPPA, svPPA, and WlvPPA. WlvPPA production contained significantly fewer 
meaningful utterances than lvPPA beginning at T2 (p <.01) and svPPA beginning at T3 
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(p<.001). The meaningfulness of lvPPA and svPPA production did not differ at any timepoint 
between T1 and T4. Significant differences are marked by asterisks in light blue for lvPPA and 

dark blue for svPPA (** p <.01, *** p <.001). 
 

 
Discussion 

The typical presentation of lvPPA reported in the literature consists of predominant 

deterioration of lexical retrieval and repetition ability with relatively spared single word and 

global auditory comprehension (Dickerson, 2011; Henry & Gorno-Tempini et al., 2010; Gorno-

Tempini et al., 2011; Rogalski et al., 2011; Machulda et al., 2013; Gorno-Tempini et al., 2008; 

Ash et al., 2013). However, heterogeneity in the lvPPA population has been previously reported 

in the literature (Mesulam & Weintraub, 2014; Utianski et al., 2019), where deviant symptoms of 

single word repetition (Mesulam et al., 2014) and comprehension (Leyton et al., 2015) and both 

phonemic and semantic paraphasias (Louwersheimer et al., 2016; Mesulam et al., 2014) are 

reported. Importantly, while our cases of WlvPPA do present with excessive paraphasias and 

repetition deficits, these symptoms occur in the presence of striking hyperfluency, as measured 

through heightened proportion of speech, and global auditory comprehension deficits, as 

evidenced through diminished integration of word meaning at the phrase and sentence level, and 

remarkably reduced conversational skills, as demonstrated through impairment in turn-taking. 

Our results suggest that the speech and language profiles of lvPPA, svPPA, and WlvPPA are 

quantifiably distinct. These results highlight the coarse-grained nature of the current lvPPA 

classification given the heterogeneity that characterizes this population.  Beyond serving as 

objective markers of the particular variant, these measures may be useful a predictors of disease 

progression and provide insights on how to best provide patient and caregiver support. 

Moreover, the strategies required to compensate for anomia and word-finding difficulties in 
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typical lvPPA differ from those required to manage hyperfluency, unintelligible output, impaired 

auditory comprehension, as well as more impaired functional communication.    

Moreover, these symptoms exhibited by patients with WlvPPA greatly degrades an 

individual’s ability to participate and adhere to the social conventions of a conversation. In 

contrast to WlvPPA, individuals with mild typical lvPPA have been shown to reliably 

communicate despite language decline through the use of compensatory strategies and 

alternative augmentative communication trained in treatment (Kim, 2017; Henry et al., 2019). 

The presence of the quantifiably and qualitatively distinct WlvPPA syndrome is 

consistent with the previously reported heterogeneity of the lvPPA population and thus motivates 

the need for a more fine-grained lvPPA classification. Furthermore, our findings have clinical 

applications, as the behavioral differences between the lvPPA and WlvPPA presentations have 

implications for individuals with either diagnosis, as well as their caregivers. Monitoring speech 

rate, auditory comprehension, and functional communication may be helpful in determining the 

trajectory following the initial diagnostic assessments. Based on our findings, patients diagnosed 

with lvPPA at initial assessment are unlikely to develop significant reductions in domains of 

functional communication, which includes the overall meaningfulness of speech. Furthermore, 

the development of severe impairment in the domain of auditory comprehension, in addition to 

the primary symptoms of confrontation naming and repetition, may also reflect a decline atypical 

to the expected progression of lvPPA. The monitoring of atypical decline will allow clinicians to 

better estimate the progression of disease and prepare patients and caregivers for future outcomes 

and compensatory strategies. In summary, our observations motivate further research in order to 

better characterize the heterogeneity of the patients initially diagnosed with lvPPA.  
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Chapter 4. A Neuroanatomical Investigation of a Progressive Wernicke’s-like Aphasia1 
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Abstract 

Background: In Wernicke’s aphasia due to cerebrovascular damage, co-occurrent deficits to 

single word and sentence-level comprehension are often attributed to cortical lesions of 

Wernicke’s area. However, studies of PPA, semantic dementia, and chronic Wernicke’s aphasia 

suggest that i) these processes of comprehension are dissociable, ii) impaired single word 

comprehension is functionally attributable to the anterior, rather than posterior temporal lobe – a 

region traditionally excluded from Wernicke’s area , and iii) as cerebrovascular lesions typically 

implicate the underlying white matter, it is possible that select sentence-level comprehension 

deficits are due to the destruction of white matter connection between Wernicke’s area and 

adjacent frontal cortices of the language network. Thus, in order to ascertain the neural 

underpinnings of a progressive Wernicke’s aphasia, it is essential examine both gray and white 

matter atrophy in regions that are traditionally reported to comprise the language network, as 

well as the anterior temporal lobe.  

Aims: In a single case study, we sought to identify the neural underpinnings of sentence-level 

comprehension deficits in the absence of single word comprehension impairment in a case study 

of a progressive Wernicke’s-like aphasia (WlvPPA), as well as other deficits that affect 

functional communication, such as excessive phonemic errors (paraphasias) and jargon.  

Methods and Procedures: We investigated the neuroanatomical basis of a progressive, 

Wernicke’s-like aphasia by comparing the gray and white matter atrophy patterns of a single 

case of WlvPPA to those of 46 age-matched controls and 20 individuals with typical 

presentations of lvPPA. We derived the cortical thickness and white matter volume estimates of 

the language network within the left hemisphere and the homologous areas in the right 

hemisphere for our WlvPPA case at initial assessment and at the time of WlvPPA classification, 



 58 

as well as for the 20 “typical” lvPPA cases and the 46 older healthy controls. Atrophy in gray 

and white matter was quantified by creating a W-score as the number of standard deviations 

away from the expected mean for the control reference group (Jack et al., 2009) for each ROI, 

after performing a multiple linear regression accounting for age, sex and total intracranial 

volume 

Outcomes and Results: Atrophy patterns in the WlvPPA case did not differ significantly from 

“typical” lvPPA at initial assessment, with exception of the left primary auditory cortex. Over 

time, the patient developed significant atrophy in the regions comprising Wernicke’s area, as 

well as the underlying white matter, suggesting that sentence-level auditory comprehension 

deficits may be attributable to disconnection of these regions from the remainder of the language 

network.  

Conclusions: Atrophy patterns of WlvPPA at initial assessment impact regions that are 

commonly affected in “typical” lvPPA, however, as symptoms of Wernicke’s aphasia arise, 

signature atrophy patterns of both gray and white matter develop as well. The results of this case 

study add on to Mesulam et al. (2015)’s work and suggest that there is a distinct, atypical 

progression of neurodegeneration of lvPPA that has not been classified in the literature.  
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Introduction 

In the current study, we aimed to identify the neuroanatomical basis of a logopenic variant 

primary progressive aphasia that evolved to present with Wernicke’s-like symptoms (WlvPPA), 

including impaired auditory comprehension in the absence of impaired single word 

comprehension, hyperfluency, and reduced meaningfulness of output (see Chapter 3). The 

atrophy pattern associated with “typical” presentations of lvPPA is left-lateralized and includes 

the superior and middle temporal gyri and the supramarginal gyrus (Mesulam et al., 2015; 

Gorno-Tempin et al., 2011; Sapolsky et al., 2010). Atrophy in these brain regions associated with 

lvPPA has been shown to impact functions of phonological and lexical retrieval (Baldo, Arévalo, 

Patterson, & Dronkers, 2013), repetition (Mesulam et al., 2014; Binder, 2017; Mesulam et al., 

2019; Lucik et al., 2019), and phonological decision-making (Mesulam et al., 2014; Bullock-

Rest et al., 2013; Caplan, Gow, & Makris, 1995; Yee, Blumstein, & Sedivy, 2008).  

Anosognosia of jargonaphasic production, or reduced insight of verbal output (Wernicke, 

1874), has been investigated in the more recent stroke literature (Lebrun, 1987; Pilkington et al., 

2017). In a study of neologisms in fluent aphasia following stroke, Pilkington et al. (2017) 

proposed that damage to the left posterior superior temporal gyrus (STG), left superior temporal 

sulcus (STS), and left supramarginal gyrus (SMG) may give rise to increased jargonaphasia in 

verbal output. 

The stroke literature commonly attributes Wernicke’s-like comprehension deficits, impacting 

both single word and sentence comprehension, to damage to the posterior superior temporal 

gyrus (Naeser, Helm-Estabrooks, Haas, Auerbach, & Srinivasan, 1987; DeWitt & Rauschecker, 

2013; Binder, 2017). Mesulam et al. (2015) proposes that Wernicke’s-like symptoms, such as 

isolated sentence-level comprehension yet intact single word comprehension, are due to a 
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destruction of white matter connections of the language network that disrupt communication 

between essential cortices of the language network. In other words, the “double disconnection” 

(pp. 2434) theory suggests that isolated damage to white matter damage underlying Wernicke’s 

area connecting to either Broca’s area in the frontal lobe (sentence comprehension) or the left 

anterior temporal lobe (word comprehension) can lead to the singular deficit in either single or 

sentence-level comprehension.  

Relating this theory to WlvPPA, damage to the dorsal axis of the underlying white matter 

connections - between the regions comprising Wernicke’s area and Broca’s area - may be the 

source of relatively spared single word comprehension in the face of impaired sentence-level 

comprehension, rather than specific damage to the cortical regions typically associated with 

these processes (Mesulam et al., 2015). In the present study, we tested the hypotheses put forth in 

Mesulam et al. (2015) to investigate whether there is atrophy not only in the gray matter, but also 

in the white matter, of Wernicke’s area in our case of WlvPPA. Moreover, if cortical atrophy 

develops beyond what is typically reported in lvPPA to other brain regions critical for speech 

processing in frontal, parietal, and temporal regions (Hickok & Poeppel, 2007; Mesulam et al., 

2015), or only after white matter volume loss occurs underlying critical nodes of the language 

network (suggesting disruptions to the dorsal connection between cortical regions). 

Based on the hypotheses put forth in Mesulam et al. (2015), we hypothesize that our case of 

WlvPPA will exhibit atrophy not only in the gray matter but also in the underlying white matter 

of Wernicke’s area that connects this region to the more frontal nodes of the language network. 

We sought to accomplish this by evaluating the neuroanatomical basis of WlvPPA by comparing 

the atrophy patterns of a single case of WlvPPA to those of 46 age-matched controls and 20 

individuals with typical presentations of lvPPA.  
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Methods 

Participants 

 Neuroimaging data was acquired from 1 WlvPPA participant (W1, see Chapter 3; age: 

75.7, sex: male), 20 individuals with the “typical” lvPPA typical presentation (mean age: 67.2, 

SD: 7.96, range: 53.5-81.9), and 46 healthy age-matched controls (mean age: 66.5, SD: 6.31, 

range: 50.5-79.4).  

MRI Acquisition and Preprocessing 

All participants were scanned on a Magnetom Siemens Trio 3.0 Tesla scanner (Siemens 

Medical Systems, Erlangen, Germany). with a 12-channel phased-array head coil at the 

Athinoula A. Martinos Center for Biomedical Imaging at Massachusetts General Hospital using 

using a T1-weighted MPRAGE sequence with the following parameters: TR = 2530ms, TE 

=3.48ms, flip angle = 7 degrees, number of interleaved sagittal slices = 176, matrix = 256x256, 

FOV = 256mm, voxel size = 1mm isotropic.  Procedures for data collection included head 

movement restriction using expandable foam cushions and automated scout and shimming 

procedures.  

MRIs were processed using FreeSurfer’s (V. 6.0.0 stable release) cortical reconstruction 

process (https://surfer.nmr.mgh.harvard.edu), which performs a series of steps including motion 

correction, non-uniform intensity normalization, skull stripping, registration to a common 

surface map, and cortical and subcortical segmentation (Dale, Fischl, & Sereno, 1999; Fischl & 

Dale, 2000; Fischl, Sereno, & Dale, 1999; Rosas et al., 2002; Salat et al., 2004). All individual 

cortical reconstructions were inspected blind to group affiliation to check for accuracy, and 

manually edited to correct for any over- or underestimation of pial surfaces and white matter 

boundaries in the segmentation. All images with manual edits were then re-run using the same 
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reconstruction process to re-approximate the gray and white matter boundaries, which was 

followed by an additional quality inspection. Any scans with persisting gross errors in the 

estimation of the pial or white matter surface estimates after manual edits were omitted from the 

analysis. Cortical thickness was measured by calculating the distance between the white matter 

and pial surfaces at 160000 points (vertices) in each cerebral hemisphere. 

MRI Cortical Thickness and White Matter Volume Region-of-Interest Analysis 

Cortical thickness estimates were derived for the WlvPPA case from the initial 

assessment and at follow-up five years later (i.e., the time of the WlvPPA diagnosis), the typical 

lvPPA cases (n = 20) and the group of older healthy controls (n = 46), from regions of interest 

(ROIs) within the language network in the left hemisphere (Hickok and Poeppel, 2007; Mesulam 

et al., 2014; Mesulam et al., 2019) and the homologous areas in the right hemisphere. The 

language ROIs comprised the Wernicke’s area including the angular gyrus (AG), supramarginal 

gyrus (SMG), middle temporal gyrus (MTG) and superior temporal gyrus (STG) (Mesulam et 

al., 2014; Mesulam et al., 2019) as well as other key nodes of the language network, including 

the middle frontal gyrus (MFG), inferior frontal gyrus (IFG), transverse temporal (TT) gyrus and 

temporal pole (TP) using the Desikan-Killiany atlas (Desikan et al., 2006). Corresponding white-

matter ROIs were selected for volumetric analyses from the Desikan-Killiany atlas (Desikan et 

al., 2006). Atrophy in gray and white matter was quantified by creating a W-score as the number 

of standard deviations away from the expected mean for the control reference group for each 

ROI, after performing a multiple linear regression accounting for age, sex and total intracranial 

volume (Jack et al., 2009) (see formula below).  
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W-score = (ROIactual – ROIexpected)/SDROI 

1. ROIactual = The patient-specific value in a given ROI (e.g., IFG) 

2. ROIexpected = The predicted value for that ROI based on the linear regression fit to the 

control sample data using age, sex, and intracranial volume as predictors  

3. SDROI = The standard deviation of the residuals for that ROI in the control sample  

 

To compute W-scores for the control group, we used a leave-one-out method repeating 

the above steps but defined the control sample as control group minus one, where the individual 

left out would define the second group. The computed scores for the control sample were then 

used to compute the W-scores for the typical lvPPA sample and the WlvPPA case from initial 

assessment and at follow-up. Regions for the WlvPPA case that were two standard deviations 

(SDs) away from the mean of the typical lvPPA group were considered to be atypical and 

uniquely contributing to the WlvPPA profile.  

MRI Cortical Thickness Whole Brain Analysis 

In addition to the gray matter analysis, a whole brain analysis was conducted using a 

single subject general linear model (GLM) to compare cortical thickness of the typical lvPPA 

cohort (n = 20) and the WlvPPA case. For this analysis, each hemisphere of every individual was 

registered to the FreeSurfer fsaverage template and spatially smoothed with a Gaussian Kernel 

(FWHM = 10). The GLM was performed to calculate the offset between the two groups. In order 

to compare the WlvPPA patient to the typical lvPPA patients, the significance level of the output 

maps was set to p < .05.   
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Results 

Cortical Atrophy in Key Regions of the Language Network 

At initial assessment, the W-scores of cortical thickness of the language ROIs between the 

WlvPPA patient and the typical lvPPA group were similar with the exception of the TT of 

primary auditory cortex (WROI = -2.29), suggesting that the WlvPPA case initially presented with 

an atrophy profile very similar to that observed in typical lvPPA. At follow-up, the WlvPPA 

patient’s W-scores declined in regions of Wernicke’s area with the following ROIs being more 

than two SDs below the mean of the typical lvPPA group: the left STG (WROI = -3.58), MTG 

(WROI = -2.64) and SMG (WROI = -2.39). The W-scores for left TP (WROI = -2.57) and TT (WROI 

= -2.81) were also found to be two SDs below that of the typical lvPPA participants, suggesting 

that atrophy in the WlvPPA patient extended beyond Wernicke’s area to include additional 

regions of the language network. In the right hemisphere, the W-scores for the homologous 

language areas in the right STG (WROI = -3.19) and TT (WROI = -2.21) were found to be two SDs 

below the mean of the typical lvPPA participants (see Figure 4.1).  
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Figure 4.1. W-scores of cortical thickness of regions within the language network in the left 
hemisphere and the homologous language areas in the right hemisphere. The W-scores were 
calculated for the typical lvPPA group (N = 20) and the WlvPPA patient at initial assessment 

and five years later, at follow-up (the time of the WlvPPA diagnosis), based on the dataset of 46 
healthy age-matched controls. Atrophy is at 0 or above for the  healthy controls as no patterns of 

volume loss are detected in this profile. The bars for the control and lvPPA participants 
represent the respective mean W-scores for the two individual groups. Regions two SDs below 

the lvPPA mean for the WlvPPA patient are marked with a black asterisk. 
 

White Matter Atrophy in Key Regions of the Language Network 

At initial assessment, the WlvPPA case had no white matter ROIs with W-scores more 

than two SDs below those of the typical lvPPA group, although the left STG (WROI = -1.72) at 

initial assessment was more than 1.5 SD’s below the typical lvPPA group. At follow-up, 

consistent with our hypothesis, the WlvPPA case showed not only cortical atrophy in Wernicke’s 

area but also substantial atrophy in the underlying white matter. Indeed, the W-scores of the 

white matter underlying Wernicke’s area, including the left STG (WROI = - 3.49) and MTG 

(WROI = -2.32) were more than two SDs below the mean of the typical lvPPA group. In addition, 

the W-score in the white matter underlying the left MFG (WROI = -2.06) was also found to be 

two SDs below that of the typical lvPPA group. In the right hemisphere, the homologous 
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language area in the STG (WROI = 2.11) was the only region that had a W-score more than two 

SDs below the mean of the typical lvPPA W-scores for white matter volume (see Figure 4.2).   

 

Figure 4.2. White matter volume W-scores of regions within the language network in the left 
hemisphere and the homologous language areas in the right hemisphere. The W-scores were 

calculated for the typical lvPPA group (n = 20) and the WlvPPA case at initial assessment and 
at follow-up five years later (time of the WlvPPA diagnosis), based on the dataset of 46 healthy 

age-matched controls. Atrophy is at 0 or above for the  healthy controls as no patterns of volume 
loss are detected in this profile.  Regions two SDs below the lvPPA mean for the WlvPPA 

participant are marked with a black asterisk. 
 

Cortical Thickness: Whole Brain Analysis 

Cortical thickness group comparisons were performed using a 2-class general linear 

model (GLM) for the effect of group status (lvPPA vs. WlvPPA) in FreeSurfer. The results 

showed that there was no significant effect of group status at initial assessment with the 

exception of atrophy observed in the left transverse temporal gyrus (primary auditory cortex). 

These findings are consistent with our region of interest analysis suggesting that WlvPPA 

patient’s atrophy at initial assessment included regions commonly damaged in typical lvPPA. 

With time, cortical atrophy in our WlvPPA case spread to Wernicke’s area (posterior STG and 
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MTG) as well as other key nodes of the language network, including the IFG and MFG (see 

Figure 4.3).   

 

Figure 4.3. Whole brain GLMs comparing cortical thickness in the WlvPPA patient to that of 20 
individuals with “typical” lvPPA over time at p <.05 (ages 70-74). Areas in which cortical 

thickness is significantly lower in the WlvPPA participant at p <.05 are marked in dark blue, 
where brighter blue indicates a higher significance of p <.01. 
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Discussion 

At initial assessment, the neuroimaging results suggested that our case of a progressive 

Wernicke’s-like aphasia presented as lvPPA. However, consistent with the hypotheses proposed 

by Mesulam et al. (2015), our case developed cortical atrophy and white matter atrophy within 

the bounds of Wernicke’s area (as defined by Mesulam et al. (2014, 2019)) whilst 

simultaneously developing profound auditory comprehension deficits with relatively, as 

compared to “typical” lvPPA, spared single word comprehension. In contrast to single word 

comprehension, the complex nature of sentence comprehension is multimodal and additionally 

relies upon auditory working memory and syntax to integrate conceptual information. Mesulam 

et al (2015) proposed that severe single word comprehension deficits may be attributable to the 

damage to the left anterior temporal lobe, which in our own case developed to be significantly 

greater than that of typical lvPPA over time. However, while our patient did gradually develop 

single word comprehension deficits, this decline was not aberrant of the typical lvPPA 

progression (see Chapter 3). This finding may attributable to the bilateral representation of 

semantic knowledge - despite the significant left anterior atrophy, performance on semantic tasks 

may have been supported – while imperfectly - by the relatively preserved cortical thickness of 

the right anterior temporal lobe (Lambon Ralph et al., 2010; Rice, Lambon Ralph, & Hoffman, 

2015; Wong & Gallate, 2012).  

There were two salient regions with significant atrophy at baseline assessment that 

distinguished the WlvPPA case from the typical lvPPA cohort. For one, we identified significant 

atrophy of the left transverse temporal gyrus at baseline that spread bilaterally overtime.   

Secondly, at initial assessment, there was salient white matter atrophy of the left STG that 

progressed to significant bilateral STG atrophy at follow-up. Cortical thickness of the transverse 
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temporal gyrus has been found to significantly correlate with repetition ability, an ability that 

was significantly impaired in our case of WlvPPA (Rogalski et al., 2011). The presence of 

transverse temporal atrophy in the face of severe repetition deficits were also reported by 

Hachisuka et al. (1999) in their case study of an individual with fluent PPA. These findings are 

consistent with our own: while impaired repetition ability is a primary symptom of lvPPA, the 

severity of impairment was consistently greater for WlvPPA than lvPPA (see Chapter 3).  

Between the initial assessment and follow-up, we observed a spread of cortical atrophy 

that remained localized to the language network. Over time, our patient developed cortical 

atrophy in the regions underlying regions of Wernicke’s area, as defined by Mesulam et al. 

(2015), over time (the left STG, MTG, and SMG). Language comprehension deficits, as seen in 

Wernicke’s aphasia, are often attributed to damage of the MTG (Binder et al., 2003; Turken & 

Dronkers, 2011), which is consistent with our findings. The left SMG is proposed to support 

tasks of auditory working memory and phonological encoding (Pilkington et al., 2017), while a 

wide body of literature suggests the STG’s role in speech sound perception (Boatman et al., 

1995; Howard et al., 2000; Edwards et al., 2010; Chang et al., 2010). Significant atrophy in the 

SMG, as measured in our case, may explain the increase in phonological paraphasias (Gorno-

Tempini et al., 2008; Rogalski et al., 2011; Mesulam et al., 2015), whereas salient atrophy of the 

left STG (linked to Wernicke’s area) suggests this region’s role in giving rise to jargonaphasia 

(Pilkington et al., 2017) and greater impairment in repetition (Mesulam et al., 2014, Binder, 

2017; Mesulam et al., 2019a, 2019b).  

Similarly, beyond initial findings in the white matter underlying the left STG, our case 

developed significant white matter volume loss in regions underlying Wernicke’s area over time 

(the left STG and MTG), as well as the left MFG and right STG. Reductions in white matter of 
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the left STG have been shown to impair the transmission of phonological information and thus 

impair the translation for articulatory production (Pilkington et al., 2017), thus suggesting that 

white matter volume loss in this region may lead to the heightened presence of paraphasias and 

other unintelligible speech. Importantly, white matter volume loss underlying all of these regions 

disrupts essential connections between nodes of the language network that are critical to 

processing and production.  

These results suggest that the Wernicke’s-like symptoms in our case may be attributable 

to a disruption to Wernicke’s area in terms of both gray and white matter atrophy, disconnecting 

the parietotemporal cortices from the residual and preserved language network and thus giving 

rise to reduced sentence-level comprehension – as tested through the WAB-R Auditory 

Commands subtest (Kertesz, 2007) – in the face of relatively preserved single word 

comprehension. In conclusion, our results partially align with the findings presented in Mesulam 

et al. (2015); in particular, that cortical atrophy alone does not explain the disassociation of 

single word and sentence-level comprehension. Instead, a combination of cortical atrophy and 

disruptions to white matter tracts connecting Wernicke’s area to essential nodes of the language 

network may be the source of a progressive Wernicke’s aphasia (WlvPPA). In contrast to 

Mesulam et al. (2015), however, atrophy isolated to the left anterior temporal lobe may not be 

sufficient to result in severe single word comprehension. Consistent with the findings presented 

in Chapter 3, our results provide further evidence that the current definition of lvPPA is too 

coarse-grained and that in addition to cortical atrophy, analysis of white matter volume may be 

essential to capture differences in the pathological presentations of PPA.  
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Chapter 5. Discussion 
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In this dissertation, I have presented results from three studies that, together, demonstrate 

the added value of quantitative speech measures for identifying, monitoring and characterizing 

naturalistic speech production in PPA. Results from this dissertation suggest that quantitative 

measures can help differentiate language impairment between populations with speech and 

language deficits. Furthermore, deficits specific to an atypical lvPPA presentation, namely 

WlvPPA, may be due to unique gray and white matter atrophy. Summary of the specific results 

of each of the three studies is summarized below (Table 5.1), followed by a general thematic 

discussion of results and their clinical relevance. 
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Table 5.1. Research questions, aims and results for each study comprising the dissertation 
 
 

Breakdowns in Informativeness of Naturalistic Speech Production in 
Primary Progressive Aphasia 

 
 

Research Question: Can measures of conceptual units in naturalistic 
speech production be utilized to identify anomia mild PPA, and 
furthermore, can these be used to identify functional differences between 
PPA subtypes?  

Chapter 2  
Study Aims: (1a) Identify whether patients in the mild stages of the three 
PPA variants exhibit reduced ability to convey information in a picture 
description task relative to healthy controls; (1b) Determine whether the 
production of self-referential or empty speech contributes to reduced 
functional communication ability in PPA across subtypes (nfvPPA, svPPA, 
lvPPA). 

  
Study Results: Measures of ‘content’ units and informativeness 
differentiated patients with mild PPA from age matched controls. 
Furthermore, nfvPPA patients exhibited relatively preserved 
informativeness. While the speech samples of all variants contained some 
feature of atypical speech more so than the controls, the breakdowns in 
informativeness for svPPA were most likely attributable to an increased 
proportion of self-referential statements whereas false starts and empty 
speech drove this effect for lvPPA. 

 The Emergence of a Wernicke’s-like Aphasia in Patients with Logopenic 
Primary Progressive Aphasia 

 
 

 
Research Question: Is the behavioral presentation of a logopenic variant 
primary progressive aphasia (lvPPA) with Wernicke’s-like symptoms 
quantifiably distinct from “typical” lvPPA in domains of speech and 
language?  

Chapter 3  
Study Aims: (2a) Conduct a longitudinal analysis of speech and language 
measures to compare the clinical presentation of a Wernicke’s-like lvPPA 
(WlvPPA) to that of the typical logopenic and semantic variants. 
 

 Study Results: The WlvPPA profile is quantifiably distinct from lvPPA in 
domains of speech fluency, auditory comprehension, functional 
communication, and overall meaningfulness of speech production. 
WlvPPA and lvPPA shared deficits of confrontation naming, repetition, 
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and relatively preserved single word comprehension – in contrast to 
“typical” svPPA.  

 A Neuroanatomical Investigation of a Progressive Wernicke’s-like Aphasia 
 

 Research Question: Can the longitudinal analysis of gray and white matter 
atrophy identify the unique neural underpinnings of a progressive 
Wernicke’s-like aphasia relative to “typical” lvPPA and healthy controls? 

Chapter 4  
Study Aims: (3a) Investigate the potential contributions of unique gray and 
white matter atrophy in the onset of Wernicke’s-like symptoms in atypical 
lvPPA relative to patients with “typical” lvPPA and age-matched controls.  
 

 Study Results: At initial assessment, atrophy patterns in WlvPPA 
encompass regions that are typically impacted in lvPPA. However, as 
atypical behavioral symptoms emerge, so do gray and white matter atrophy 
within Wernicke’s area, the right STG, and the bilateral primary auditory 
cortex, suggesting that a unique pattern of decline underlies the WlvPPA 
presentation and is distinct from typical lvPPA.  
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Deriving Content from Naturalistic Speech Production  

Naturalistic speech productions are typically collected in the assessment of any form of 

aphasia, but are particularly important in the monitoring of PPA (Sapolsky et al., 2011; Sapolsky 

et al., 2014; Henry & Grasso, 2018). The ability to identify language impairment from a 

routinely collected speech sample is essential in a population with progressive language loss, 

especially when this type of analysis allows for the unique identification of phenotype-specific 

impairments. This is not to diminish the utility of standardized assessments that target isolated 

domains (e.g., picture-word matching for confrontation naming or repeating verbalized words 

and phrases for repetition), in fact, these tools are essential to assess the potential sources of 

impairment. However, if the aim is to determine an individual’s ability to communicate and 

engage with his or her everyday environment, the tools we use must also be targeted at that; 

while agrammatism may reduce a person’s ability to express themselves verbally, he or she may 

be excellent at retrieving words that are essential to communicate needs and desires. In this case 

of agrammatism, an assessment of syntax and anomia may not be sufficient to capture that 

outcome. Similarly, in a case of typical lvPPA, where the primary symptoms are anomia and 

repetition with relatively spared comprehension, the complexity, informativeness, and precision 

of speech production may be impeded; however, at the mild stages, the meaningfulness of 

interactions may be relatively spared due to relatively intact comprehension. Therefore, I believe 

it is i) essential to evaluate the integrity of the interplay of these isolated functions in order to 

determine the level to which a person is able to functionally communicate (Holland, 1982), and 

that ii), naturalistic speech samples provide a direct avenue for this approach.  

The implication of this approach is a shift towards a more dynamic and “natural” 

evaluation of our communication needs and use of conversation. The losses that individuals with 
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a diagnosis of PPA face often center on self-expression, agency, and the ability to relate to others 

(Ash et al., 2006; Ash & Grossman, 2015). Language is an inherently social vehicle to 

communicate ideas, thoughts, and feelings with inherent duality: in order for speech to be 

appropriately articulated, the output must be understood by both the speaker and listener. Thus, 

the evaluation of speech and language ability must also identify aspects that relate to the use of 

language and how this may impact functional communication. This approach of addressing the 

functional components of speech and language production is in line with the therapeutic Life 

Participation Approach in Aphasia (LPAA; Chapey et al., 2000), a push towards everyday 

participation in life, no matter how linguistically-based that may be. Whether the aphasia is 

chronic or progressive, our aim should be to improve the daily interactions that people with these 

diagnoses have – and a first step towards this is an improved understanding of the impairments 

themselves.  

The results from this dissertation add to the growing body of literature on discourse 

analysis in aphasia, as well as efforts towards quantifiable and replicable methodologies to assess 

connected speech. In Chapter 2 of this dissertation, I tested the reliability of a method for 

identifying anomia in aphasia based on control performance, and proposed a similar method with 

improved diagnostic efficacy (see Table 5.1). I found that informativeness, rather than the raw 

number of named concepts, is a better guide to identifying the functional aspect of speech output 

and that informativeness reveals a subtype-specific effect, where the informativeness of nfvPPA 

speech production can be considered intact. Furthermore, I quantified the proportion of off-topic 

and atypical speech productions, which historically have only been subjectively described. This 

next step allowed me to identify a difference in the source of reduced informativeness between 

lvPPA and svPPA. Moreover, I built upon previous methods to identify atypical and/or impaired 
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speech production in PPA and subtype-specific differences based on measures derived from 

naturalistic speech production. In Chapter 3, I investigated the fluency under the lens of the 

overall proportion of speech to pause events, as well as the proportion of output that was 

intelligible and generally meaningful (see Table 5.1). Utilizing these measures, I proposed a 

concrete method of ascertaining aspects that may reduce the overall functionality of 

communication. Furthermore, I found that the production of generally meaningful speech in 

“typical” lvPPA and svPPA remained relatively consistent over time. In contrast, the WlvPPA 

cohort developed significant reductions in meaningful speech production after the initial 

assessment. This analysis allowed me to ascertain salient differences between the typical lvPPA 

and WlvPPA presentations despite shared impairments in confrontation naming and repetition. 

These results suggest that speech content analysis can be a useful clinical tool to identify and 

monitor deviant changes in the speech of individuals with progressive language loss.  

Determining a Sub-Variant of lvPPA 

 In Chapters 3 and 4 of this dissertation, I set out to answer whether i) there is an atypical 

progression of lvPPA that is quantifiably distinct on measures of auditory comprehension, 

functional communication, speech fluency, and speech content and ii) if the neuroanatomical 

underpinnings of this profile are consistent with gray and white matter atrophy patterns in 

Wernicke’s area. Firstly, in Chapter 3, I determined that there is an atypical presentation of 

lvPPA that develops over time (WlvPPA). Consistent with the accumulating evidence of 

heterogeneity within PPA, we determined that WlvPPA more closely aligns with lvPPA than 

svPPA, however, is sufficiently distinct from lvPPA to merit its own subvariant classification. 

Secondly, in Chapter 4, I determined that the cortical atrophy patterns of WlvPPA are similar to 

lvPPA at initial assessment and develop in conjunction with the behavioral presentation (see 
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Table 5.1). Furthermore, the regions uniquely implicated in WlvPPA are likely to give rise to 

symptoms of reduced auditory comprehension and excessive phonological errors in speech 

production.   

As in investigation described in Chapter 2, my findings in Chapters 3 and 4 motivate 

further studies of functional communication ability in PPA. I observed changes in social 

behavior and insight in all three cases of WlvPPA. These cases demonstrated reduced turn-taking 

ability, striking press of speech (as demonstrated through significant hyperfluency), and lack of 

insight into the reception and comprehension of his output. As such, functional communication 

suffered due to hyperfluency, inappropriate pauses and breaks in speech output, unintelligible 

output, and severe deficits in understanding i) input from the interlocutor and ii) the 

interlocutor’s inability to understand the speaker. In these cases, it can be argued that functional 

communication suffered due to an impaired use of language, in addition to deficits in isolated 

domains.   

The presence of the quantifiably distinct WlvPPA syndrome is consistent with the 

previously reported heterogeneity of the lvPPA classification and potential need for revision 

(Mesulam & Weintraub, 2014). My findings have clinical applications, as the behavioral 

differences between the lvPPA and WlvPPA presentations have implications for individuals with 

either diagnosis, as well as their caregivers. Monitoring speech fluency, auditory comprehension, 

and functional communication may be helpful in determining the trajectory following the initial 

assessments. Based on these findings, if patients experience selective deficits in any of these 

language domains in addition to confrontation naming and repetition, it is likely that they are 

experiencing a decline atypical to the expected progression of lvPPA. The monitoring of regions 

outside of the traditional language network, such as the primary auditory cortex and anterior 
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temporal poles, will allow clinicians to better estimate the progression of disease and prepare 

patients and caregivers for future outcomes and compensatory strategies. Furthermore, an 

examination of regions thought to support the perception and processing of social stimuli, such 

as gesture and facial expression, may be important. These findings suggest that symptoms of 

press of speech and turn-taking in the WlvPPA presentation may be partially explained by the 

sociolinguistic use of language. While word-finding ability did not greatly differ between the 

“typical” lvPPA and WlvPPA cohorts, the qualitative nature of speech output differed greatly. 

The bilateral atrophy of the STS, a region thought to also support social perception and 

processing, may explain the impaired use of language in a sociolinguistic context. Furthermore, 

deficits to mechanisms of inhibition may also explain symptoms of press of speech, where an 

individual is unable to inhibit speech production – whether that consists of intelligible or 

unintelligibile speech. Identifying deficits in these areas can help caregivers and patients to 

prepare for the future by prioritizing clinical needs and identifying appropriate strategies to 

approach them. In summary, my observations motivate that further research is required to best 

characterize the heterogeneity of the course of patients with lvPPA and to establish the roles of 

both the left and right hemispheres, gray and white matter, that may give rise to the behavioral 

profiles within this population. 

Implications for Assessment and Future Directions 

Results of the current dissertation demonstrate the value of objective and quantifiable 

assessment of functional communication ability in PPA. Our methods in Chapter 2 are 

consistent with this approach, where form-based errors, such as the mispronunciations of words, 

unusual word choices, and grammatical mistakes are not penalized. This approach allowed us to 

i) identify that functional communication impairment does not uniformly affect all the PPA 
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variants, and furthermore, ii) highlight the utility of naturalistic speech analysis to measure the 

breakdown of functional communication in PPA. Consistent with the findings presented in 

Chapter 2, the value of identifying salient, specific, and measurable aspects of the use of 

language is that it allows to improve our phenotyping accuracy, which in turn, improves our 

understanding of how language deficits at the mild stages of disease relate to underlying 

pathology. Future directions should include the evaluation of larger sample sizes as well as 

investigations of more naturalistic conversational exchanges in order to further ascertain the 

mechanisms by which informativeness and meaningfulness of speech output are impacted. In 

order to improve the clinical feasibility of deriving quantitative language measures from 

naturalistic speech samples, an additional target of future work should include attempts to 

maximally automate the identification of the raw conceptual information in speech. An 

automated tool would allow for an efficient assessment and allow clinicians to better evaluate 

how well an individual may be able to communicate on a day-to-day basis. Furthermore, as we 

gain better understanding of these measurements on standardized pictures, the topics used to 

elicit speech samples should become more relevant to the individuals themselves to better mirror 

everyday interactions.  

Finally, structural neuroimaging can be employed to identify, monitor, and predict the 

trajectory of atypical behavioral presentations in PPA. As the current PPA classifications are 

continually debated, it is essential to capitalize on the in vivo techniques currently available to 

best classify brain-behavior relationships and capture the heterogeneity of this population. Our 

findings in Chapters 3, and 4 suggest that the current classification of lvPPA may i) be broadly-

defined, ii) merits revision, and iii) needs to encompass a subvariant that we here have 
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introduced as WlvPPA. Further collection of neuroimaging data will be required to build upon 

these preliminary findings. 
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Table A-1. The number of participants whose score increased by 1-4 points with the CU-
uniqueref method.  

Group 0 pt. 1 pt. 2 pt. 3 pt. 4 pt. No. participants changed 
HC 7 9 11 2 2 24 

lvPPA 18 7 0 1 0 8 
nfvPPA 17 4 4 0 0 8 
svPPA 10 6 2 1 0 9 

 

 

Table A-2. The proportion of self-referential and other off-topic or empty speech. 

Group Self-
Referential 
Statements 

SD Ability 
Statements 

SD Tangential 
Statements 

SD Empty 
Speech 

SD False 
Starts 

SD 

HC .016 .037 .005 .013 .003 .012 .051 .042 .006 .009 
lvPPA .006 .016 .053 .056 .005 .017 .198 .072 .053 .032 

nfvPPA .004 .016 .007 .019 .009 .036 .074 .061 .023 .038 
svPPA .127 .183 .070 .067 .024 .043 .100 .075 .008 .011 

 

 


