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Abstract
Background—The pathology causing progressive aphasia is typically a variant of frontotemporal
lobar degeneration, especially with ubiquitin-positive-inclusions (FTLD-U). Less commonly the
underlying pathology is Alzheimer disease (AD).

Objective—To compare clinicopathological and MRI features of subjects with progressive aphasia
and AD pathology, to subjects with aphasia and FTLD-U pathology, and subjects with typical AD.

Methods—We identified 5 subjects with aphasia and AD pathology and 5 with aphasia and FTLD-
U pathology with an MRI from a total of 216 aphasia subjects. Ten subjects with typical AD clinical
features and AD pathology were also identified. All subjects with AD pathology underwent
pathological re-analysis with TDP-43 immunohistochemistry. Voxel-based morphometry (VBM)
was used to assess patterns of grey matter atrophy in the aphasia cases with AD pathology, aphasia
cases with FTLD-U, and typical AD cases with AD pathology, compared to a normal control group.

Results—All aphasic subjects had fluent speech output. However, those with AD pathology had
better processing speed than those with FTLD-U pathology. Immunohistochemistry with TDP-43
antibodies was negative. VBM revealed grey matter atrophy predominantly in the temporoparietal
cortices with notable sparing of the hippocampus in the aphasia with AD subjects. In comparison,
the aphasic subjects with FTLD-U showed sparing of the parietal lobe. Typical AD subjects showed
temporoparietal and hippocampal atrophy.
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Conclusions—A temporoparietal pattern of atrophy on MRI in patients with progressive fluent
aphasia and relatively preserved processing speed is suggestive of underlying AD pathology rather
than FTLD-U.
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Primary progressive aphasia; Progressive non-fluent aphasia; Logopenic progressive aphasia;
frontotemporal lobar degeneration with ubiquitin-only-immunoreactive changes; Voxel based
morphometry

INTRODUCTION
Speech and language impairments can be the most prominent presenting symptoms of a
neurodegenerative disease. The term primary progressive aphasia (PPA)1 is one of the labels
used to classify patients when there is a prominent and progressive impairment of language
without initial dementia. The term PPA captures patients whose language difficulties can be
characterized by agrammatic and non-fluent speech, prominent anomia, fluent aphasia with
comprehension deficits, or a combination or blurring of distinctions among all three features.
There are also other well-publicized classification schemes2–7.

In our recent clinicopathologic and imaging study of PPA and apraxia of speech2 we
demonstrated that non-fluent aphasia with apraxia of speech was associated with atrophy of
the premotor and posterior inferior frontal cortices while temporal lobe atrophy correlated with
progressive aphasia with ‘fluent’ speech output. The majority of our subjects with fluent
aphasia had a pathological diagnosis of frontotemporal lobar degeneration with ubiquitin-only-
immunoreactive changes (FTLD-U).2 None of our cases had a pathological diagnosis of
Alzheimer’s disease (AD)8 which may have been due to our strict inclusion criteria. Two recent
reports, however, demonstrated that a significant number of cases of progressive aphasia had
AD pathology at postmortem9, 10.

We therefore set out to analyze the clinicopathological features of our cases with a progressive
aphasia and AD pathology, and compare these features plus the pattern of grey matter atrophy
on MRI to subjects with a progressive aphasia and FTLD-U pathology, and to subjects with
typical AD where memory loss, not aphasia, is the cardinal feature.

METHODS
Case ascertainment

The Mayo Clinic medical records database was used to identify all possible cases with
prominent language impairment presenting between 1984 and 2006 by using a textword and
diagnostic code search for aphasic dementia, aphasia, PPA, progressive non-fluent aphasia
(PNFA), semantic dementia, or apraxia of speech. A total of 5222 subjects were identified.
From these 5222 subjects the medical records database was used to identify the subset that had
undergone a brain autopsy at Mayo Clinic. We identified a total of 216 subjects with prominent
aphasia, not necessarily meeting criteria for a diagnosis of PPA, who had an autopsy
examination. The historical records of all 216 subjects were reviewed by a behavioral
neurologist (K.A.J). Of the 216 subjects, 193 were excluded because they had a structural lesion
that accounted for the aphasia (e.g. left middle cerebral artery territory infarct or hemorrhage).
The remaining 23 subjects with an autopsy examination had a progressive aphasia from a
neurodegenerative disease. Seventeen of these 23 were previously published. Of the remaining
six subjects, five had AD pathology and one subject FTLD-U pathology.
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All five subjects with aphasia and AD pathology had a volumetric head MRI scan. Five subjects
with aphasia and FTLD-U pathology also had a volumetric head MRI scan. In addition, 10
subjects who had been given an antemortem clinical diagnosis of Alzheimer’s type dementia,
with the typical presenting feature of episodic memory loss that had pathologically confirmed
AD, and had a volumetric head MRI scan were randomly selected from our Alzheimer’ Disease
Research Center Brain Bank. Therefore a total of 20 subjects, five with aphasia and AD
pathology, five with aphasia and FTLD-U pathology, and 10 with typical AD type presentation
and AD pathology, were used in this study.

Detailed demographic and clinical information, including the Mini-Mental State Examination
(MMSE)11 score and the Clinical Dementia Rating (CDR) sum of boxes12 was abstracted for
all 20 subjects. Speech-language pathology records of the 10 subjects with aphasia were
independently reviewed by two speech-language pathologists (JRD and EAS), blinded to any
autopsy information, to abstract detailed information regarding the speech and language
examinations and to further delineate the speech and language characteristics. The speech-
language results for the subjects with FTLD-U pathology has been previously published2. The
10 subjects with typical AD did not have speech-language pathology records but did have
quantitative speech and language tests completed as part of their neuropsychological test
battery. All 10 subjects with typical AD had a formal dementia evaluation by a behavioral
neurologist who did not observe any deficits in comprehension and spontaneous speech in the
context of the mental status exam.

All 20 subjects were also age and gender matched to a healthy control subject. All control
subjects were prospectively recruited into the Mayo Clinic Alzheimer’s Disease Research
Center (ADRC), or the Alzheimer’s Disease Patient Registry (ADPR), and were identified
from the ADRC/ADPR database. Controls were identified as individuals who a) were
independently functioning community dwellers, b) did not have active neurologic or
psychiatric conditions, c) had no cognitive complaints, d) had a normal neurological and
neurocognitive examination, and e) were not taking any psychoactive medications in doses
that would affect cognition.

Speech-Language
Data from speech-language examination of the five subjects with aphasia and AD pathology
were tabulated and analyzed for this study. Language assessment typically included several
subtests from the Minnesota Test for Differential Diagnosis of Aphasia13, Part V of the Token
Test14, a letter word fluency task15, and a narrative picture description (Cookie Theft) from
the Boston Diagnostic Aphasia Examination16. Quantitative data from these tests were used
to estimate severity of aphasia - in auditory comprehension, naming, repetition, reading
comprehension and writing using a 0–4 scale (0 = normal; 4 = severe impairment) in which
mid-point values (e.g., 2–3) were permitted. Independent estimates of severity by two judges
(JRD and EAS) were within 0.5 points for 100% of the ratings. Judgments about apraxia of
speech and dysarthria were derived from conversation, verbal responses during formal
language assessment, and structured tasks for assessing apraxia of speech and dysarthria17.

Neuropsychology
All data from neuropsychological testing conducted at presentation in all 20 subjects were
tabulated and analyzed. Testing included executive function (Trails Making Test B18);
language functioning including naming (Boston Naming test19), lexical fluency (Controlled
Oral Word Association Test20), category/semantic fluency (animals, fruit, vegetables),
sentence comprehension (Multilingual Aphasia Examination Token20); reading (Wide Range
Achievement Test-321 or Woodcock-Johnson-Revised22); learning and memory (Wechsler
Memory Scale-Revised23); and visuoperceptual functioning (Wechsler Adult Intelligence
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Scale Revised- Perceptual Organization Index24). The percentile levels were either derived
from norms published with the test, or from Mayo Older American Normative Studies
(MOANS) norms.25, 26

Pathological examination
All 20 subjects underwent standard neuropathological examination by one of our experienced
neuropathologists (JEP or DWD) as previously described27. In addition the 15 subjects with
AD pathology had brain tissue histologically analyzed with the recently described antibody
TDP-4328 to determine whether or not there were any pathological features of FTLD-U, or
FTLD with motor neuron disease, that may be masked by the AD pathology. Semiquantitative
assessment of frontal, temporal, parietal, and occipital cortex, basal nucleus, hippocampal and
substantia nigral neuronal loss was conducted in all 20 subjects using hematoxylin and eosin
stain on a 4-point grading scale as follows: 0= no neuronal loss; 1= mild neuronal loss usual
associated with microvacuolation (for the cortical sections); 2= moderate neuronal loss
associated with thinning of the cortical ribbon (for the cortical sections); and 3= end-stage
neuronal loss associated with severe thinning of the cortical ribbon producing so called status
spongiosis (for the cortical sections). Additional pathological features including Braak
Staging29 and NIA Reagan staging8 of all 20 cases were reviewed.

MRI
T1-weighted volumetric MRI scans were acquired at 1.5T (22×16.5cm FOV, 25° flip angle,
124 contiguous 1.6mm thick coronal slices). If a patient had more than one MRI we used the
closest scan of adequate quality to the time of first neurological evaluation. Voxel- based
morphometry (VBM) was used to compare the patterns of grey matter atrophy in the five
subjects with aphasia and AD pathology, the five with aphasia and FTLD-U pathology and the
10 with typical AD to the control group. An optimized method of VBM was applied using both
customized templates and prior probability maps (priors) 30, 31, implemented using SPM2
(http://www.fil.ion.ucl.ac.uk/spm). To create the template all scans, including those from the
controls, the aphasia subjects with AD pathology, the aphasia subjects with FTLD-U
pathology, and the typical AD subjects, were registered to the Montreal Neurological Institute
(MNI) template using a 12dof affine transformation and segmented into grey matter (GM),
white matter (WM) and CSF using MNI priors. GM images were normalized to the MNI GM
prior using a nonlinear discrete cosine transformation (DCT). The normalization parameters
were applied to the original whole head and the images were segmented using the MNI priors.
Average images were created of whole head, GM, WM and CSF, and smoothed using 8mm
full-width at half-maximum (FWHM) smoothing kernel. The average whole head image
becomes the customized template, and the average GM, WM and CSF images are then used
as the customized prior probability maps for subsequent segmentations. All images were then
registered to the customized whole brain template using a 12dof affine transformation and
segmented using the customized priors. The GM images were normalized to the custom GM
prior using a nonlinear DCT. The normalization parameters were then applied to the original
whole head and the images were segmented once again using the customized priors. All images
were modulated and smoothed with a 8mm FWHM smoothing kernel.

Two-sided T-tests were used to assess the patterns of grey matter atrophy in each of the three
disease groups compared to the control group. Grey matter differences were assessed after
correction for multiple comparisons using the false discovery rate (p<0.01). Direct statistical
comparisons were also performed between each of the three disease groups. These between-
group comparisons of grey matter differences were assessed at a threshold of p<0.005
uncorrected for multiple comparisons due to the hypothesis driven nature of these statistical
tests. Only those clusters exceeding a voxel size of 100 were reported.
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Statistical methods
Statistical analyses were performed utilizing the JMP computer software (JMP Software,
version 6.0.0; SAS Institute Inc, Cary, NC). Although multiple tests were performed, α was
set at 0.05 due to the small sample sizes and limited statistical power. Gender ratios were
compared across the groups with Chi-square test. Kruskal-Wallis tests were used to compare
age at onset, age at death, age at scan, time from onset to scan, MMSE and CDR sum of boxes
scores at the time of scan and neuropsychometric scores across the subject groups. Because
the control group was by definition cognitively normal, we excluded controls from tests of
differences in cognitive scores.

RESULTS
Demographic and clinic features

All clinical, speech and language, and neuropsychological data reported were completed at the
time of initial presentation. Demographics of all three groups are summarized in Table 1. There
was no difference in demographics across the three groups including time from initial
evaluation to time of death. Presenting features of the five subjects with aphasia and AD
pathology are shown in Table 2. All but one subject first presented for evaluation to a behavioral
neurologist more than two years after onset. In all five subjects the most prominent complaint
was language impairment. By the time of presentation, however, all five had complained of
and exhibited more widespread cognitive impairment. The majority had mild evidence of
executive dysfunction. Two subjects were found to have features of the Gerstmann syndrome
as finger agnosia, left-right confusion, and acalculia were documented in two subjects; one had
complained of difficulty with calculation very early into her disease course, although the
language impairment was clearly the most prominent component of her illness. Although the
diagnosis of PPA was considered, all five subjects were given a descriptive diagnosis of
‘aphasic dementia’, that is, aphasia with mild dementia, to highlight the prominence of the
language component in the context of more widespread cognitive impairment. All five subjects
with FTLD-U pathology presented with prominent aphasia while all 10 subjects with typical
AD and AD pathology presented with loss of episodic memory. None of the FTLD-U subjects
were thought to have more widespread cognitive impairment by the evaluating physician and
hence all five were given a clinical diagnosis of PPA. In addition, in none of those with typical
AD was aphasia a prominent feature at presentation

Language and speech
Language and speech findings of the five subjects with aphasia and AD pathology are
summarized in Table 3. In addition we provide raw scores as supplemental data (E Table 1).
All subjects had language characteristics consistent with a diagnosis of aphasia and all but
subject 2 (whose verbal comprehension was normal) had deficits in all tested language
modalities. All had fluent narrative and conversational speech (i.e., no evidence of telegraphic/
agrammatic speech or writing), with varying combinations and degrees of circumlocution,
semantic or phonemic paraphasias, and a lack of specificity or paucity of specific content
words. Some had pauses, hesitancy, or delayed initiation of verbal responses (Subjects 1, 4,
5), or infrequent paragrammatic errors (Subjects 2, 3). Although the aphasia was always
predominant, all five subjects had subtle-to-obvious behaviors, or a profile of difficulty, that
raised concerns about problems beyond the language domain (see Table 2 for description). No
subject had dysarthria or apraxia of speech.

Neuropsychology
The neuropsychological findings are summarized in Table 4. Test scores were not statistically
different across the three groups with the exception of the test for Visual Reproduction
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Memory23 which was worse in the typical AD group compared to the FTLD-U group (p<0.05).
It was observed however that subjects with aphasia and AD pathology had very similar scores
across the different cognitive domains tested when compared to the subjects with aphasia and
FTLD-U pathology. The one exception was that the subjects with aphasia and FTLD-U
pathology showed a trend to perform worst than those with aphasia and AD pathology on the
Controlled Oral Word Association Test20 (p=0.07). The pattern of language impairment for
the subjects with aphasia and AD pathology was similar to the pattern of language impairment
for the typical AD subjects, yet the typical AD subjects had more severe memory impairment
with a trend for a lower 30-minute Delay and recognition memory scores on the Auditory
Verbal Learning Test23 (p=0.09 for both). Overall the two groups of subjects with aphasia
performed worse on the Boston Naming Test19 compared to the subjects with typical AD
(p=0.08), however the subjects with typical AD performed worst on all tests of memory
compared to the two groups of subjects with aphasia. There was also a trend for subjects with
typical AD to have a worst perceptual organization index compared to subjects with aphasia
and AD (p=0.07) and subjects with FTLD-U (p=0.05).

Pathological findings
Grossly all 20 subjects had mild-moderate generalized cerebral atrophy. In two subjects with
aphasia and AD pathology and all 10 subjects with typical AD and AD pathology there was
moderate-severe medial temporal lobe atrophy. In all 15 subjects with AD pathology there
were widespread neocortical neurofibrillary tangles of Braak and Braak stage VI29. There were
also moderate-frequent neuritic and diffuse neocortical plaques in all 15 subjects with AD
pathology, therefore, all 15 met NIA Reagan criteria for high probability AD8. The distribution
of Alzheimer’s pathology was atypical in only one subject with aphasia and AD pathology
with relative sparing of the hippocampus proper which showed only mild neuronal loss,
although there was a high density of neurofibrillary tangles. In two subjects with aphasia and
AD pathology there was gliosis in the globus pallidum. Two subjects with AD pathology, one
with aphasia and one typical AD had brainstem and limbic Lewy bodies consistent with
transitional or limbic Lewy body disease. Immunohistochemistry with TDP-43 antibodies28

was negative in all 15 subjects with AD pathology. The five subjects with FTLD-U were Braak
Stage ≤ II29 and NIA -Reagan low probability of AD8. Semiquantitative analysis of regional
neuronal loss across all three groups is shown in Table 5.

MRI
The group of subjects with aphasia and AD pathology showed a predominantly left-sided
pattern of temporoparietal grey matter loss compared to controls (Figure 1A). The grey matter
loss in the temporal lobes included the left posterior inferior, middle and superior temporal
gyri with remarkable sparing of the medial and anterior temporal pole. A small amount of grey
matter loss was also identified in the frontal lobes. The right hemisphere showed very little
involvement with areas of loss only identified in the posterior temporal lobe and parietal lobe.

The group of subjects with aphasia and FTLD-U pathology also showed a left-sided pattern of
atrophy predominantly involving the temporal lobe, including the amygdala, hippocampus,
inferior and middle temporal gyri and fusiform gyrus, compared to controls (Figure 1B). The
regions of loss extended back into the posterior temporal lobe but did not involve the parietal
lobes. Grey matter loss was also identified in the frontal lobes and anterior insula.

In contrast to both aphasic groups the pattern of grey matter loss was bilateral in the subjects
with clinical and pathological AD, compared to controls (Figure 1C). Grey matter loss
particularly affected the medial temporal lobes and the temporoparietal association neocortex,
although the posterior cingulate, frontal lobes, and posterior insula were also involved.
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Direct statistical comparisons were also performed across the disease groups. The group of
subjects with typical AD showed greater involvement of the right anterior hippocampus and
amygdala than the aphasia subjects with AD pathology, and greater involvement of the
posterior cingulate and parietal lobe than the subjects with FTLD-U. The aphasia subjects with
AD pathology showed greater grey matter loss in regions of the left lateral frontal and parietal
lobes compared to FTLD-U, and in the left lateral frontal and temporal lobes compared to AD.
The FTLD-U group showed greater grey matter loss in the medial frontal lobes and anterior
insula than both the aphasia with AD pathology group and the typical AD group, and greater
anterior temporal lobe atrophy than the aphasia with AD pathology group. The coordinates of
these regions are shown in Table 6.

DISCUSSION
In this study we demonstrate that when progressive aphasia is secondary to AD pathology the
pattern of grey matter loss early in the disease course appear to be different from that of typical
AD and also different from that of progressive aphasia with FTLD-U pathology. We also show
that there is no secondary FTLD-U pathology.

The medial temporal lobes were relatively spared on MRI at the time of presentation in patients
who present with progressive aphasia and AD pathology32. This should not be surprising since
episodic memory loss was not the most dominant feature of their illness at presentation. In
contrast, our subjects with typical presentation of episodic memory loss and AD pathology
showed severe involvement of the medial temporal lobe. In addition, we also found that the
posterior cingulate region was heavily involved in our typical AD subjects as has been
previously reported33, 34, yet was relatively spared in our five aphasic subjects with AD
pathology. Frontal lobe atrophy was observed in both groups although the direct statistical
comparison suggested that the frontal lobe loss was slightly more severe in the subjects with
aphasia and AD pathology. Frontal lobe dysfunction was documented on presentation and
confirmed with neuropsychometric testing in the aphasic group.

The pathology that most frequently underlies progressive fluent aphasia has been shown to be
FTLD-U2, 10, 35 or dementia lacking distinctive histology36. Our progressive aphasia subjects
with AD pathology also had fluent speech output. Therefore, when a patient presents with a
fluent aphasia (i.e. without apraxia of speech or agrammatism, or loss of syntax), the differential
diagnosis should be first FTLD-U pathology and secondly AD. Frontotemporal lobar
degeneration with ubiquitin-only immunoreactive changes has replaced dementia lacking
distinctive histology with the advent of ubiquitin and TDP-43 immunohistochemistry37, 38.
We have shown that the pattern of atrophy early in the disease course is different when FTLD-
U and AD pathology underlie progressive aphasia. In our subjects with FTLD-U pathology
there was left predominantly anterior temporal lobe atrophy with sparing of the parietal lobe.
In contrast, in our progressive aphasic subjects with AD pathology the temporoparietal
association neocortex was heavily involved with less involvement of the anterior temporal
lobes. The temporoparietal atrophy in the aphasic subjects with AD pathology correlated with
the fact that some of our subjects had features of Gerstmann syndrome which is typically
associated with parietal lobe injury. Some medial frontal lobe atrophy was also observed in
the aphasic subjects with FTLD-U. However, the frontal loss in more lateral regions was less
severe than in the other two patient groups. This is interesting since the Controlled Word
Association Test is a test of processing speed and the FTLD-U group was the only group of
the three that performed poorly on the Controlled Word Association Test20. This suggests that
the Controlled Word Association Test may be helpful in differentiating FTLD-U from AD as
the cause of progressive fluent aphasia.
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The anterior insula was also found to be involved in the subjects with fluent aphasia and FTLD-
U pathology. The anterior insula has previously been implicated in the non-fluent variant of
FTLD4, 39 and particularly in apraxia of speech40. However, other studies have found no
evidence for an association between insula atrophy and apraxia of speech2 and have also found
atrophy of the insula in fluent aphasia cases41. It is possible that apparent insula atrophy may
simply reflect widening of the perisylvian fissure due to atrophy in the frontal lobe, since
anterior insula atrophy has also been observed in non-aphasic cases of FTLD42. The anatomical
complexity of this region makes it difficult for VBM to accurately localize change.

All five subjects with progressive aphasia and AD had evidence of anomia, comprehension
deficits, and fluent speech in ordinary conversation and on formal speech and language
evaluation. None of our subjects had nonfluent speech, apraxia of speech, or agrammatism, as
two studies reported10, 43 The clinical presentation in the five subjects with aphasia and AD
pathology were felt to be somewhat atypical for PPA by the evaluating physicians, although
PPA was still in the differential, since in all five subjects aphasia was not an isolated feature
at the time of presentation. Neuropsychological examination also demonstrated more
widespread cognitive impairment. Similar findings of more widespread cognitive impairment
in patients that present with progressive fluent aphasia and is found to have AD pathology have
been previously reported43.

Language impairment including confrontation naming 42 and sentence comprehension 44 has
been demonstrated in typical AD subjects. Our subjects with typical AD had formal testing of
language and indeed performance in confrontation naming, semantic fluency, and sentence
comprehension were below average similar to our progressive aphasia with AD subjects. Yet,
all of our typical AD subjects had a formal dementia evaluation by a behavioral neurologist
who did not appreciate any obvious deficits in conversational speech with respect to prosody,
melody, articulation, grammatical form and qualitatively in the rate of word production while
our progressive aphasia with AD pathology subjects had obvious speech and language deficits
on interview with a behavioral neurologist. This suggests one of two possibilities. First, our
neuropsychological tests of language are not able to differentiate between primary language
deficits and language deficits that may be occurring as a result of memory loss. Second,
neuropsychological testing is more sensitive to language impairment in AD subjects than
bedside cognitive or mental status testing. Hence all subjects with AD regardless of presenting
features have language impairment as suggested42, 44, but on routine evaluation the language
impairment is being overshadowed by the memory loss. Therefore, it may not be the language
deficits that make our aphasia with AD group standout, but rather it is the absence of prominent
episodic memory loss and visual perceptual deficits.

One of the other interesting features of this study that requires more analysis was the similarity
in the temporoparietal pattern of atrophy found in our progressive aphasia and typical AD
pathology group, and the temporoparietal atrophy reported in logopenic PPA4. These
similarities support the suggestion that AD pathology may underlie logopenic PPA4. This
suggestion is also further strengthened by the fact that a possible one or two of our five subjects
with AD pathology may meet criteria for logopenic PPA.4 Although in our aphasia group with
AD pathology we did not find any hippocampal volume loss as was reported with logopenic
PPA4, this difference could be explained by the fact that the time from disease onset to scan
was longer in their study which suggests that their subjects were further along in their disease
course.

The histopathological findings in the AD cases presenting with aphasia were more widespread
than the imaging findings. This suggests that the pathological process spread beyond language-
related regions and did not remain atypical with hippocampal sparing throughout the entire
disease course. In addition, TDP-43 immunohistochemistry was negative demonstrating the
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aphasia in our subjects with AD pathology was not due to coexisting FTLD-U pathology28. It
was important to perform TDP-43 analysis to rule out underlying FTLD-U pathology since
ubiquitin immunohistochemistry is not specific and also highlights AD-type lesions.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
The patterns of grey matter loss identified by voxel-based morphometry in the aphasic subjects
with AD pathology (A), the aphasic subjects with FTLD-U pathology (B), and the subjects
with clinical and pathological AD (C), compared to controls (corrected for multiple
comparisons, p<0.01). The results are shown both on a 3D surface render to illustrate the
patterns of cortical grey matter loss, and on a representative coronal slice (y=−15) to illustrate
the involvement of the hippocampus. R = right.
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TABLE 1
Subject demographics of the groups

Aphasia-AD N=5 Aphasia-FTLDU N=5 Typical-AD N=10 Controls N=20

No. females (%) 2 (40%) 2 (40%) 6 (60%) 9 (45%)

Mean (SD) age at onset, yrs 69 (12) 61 (9) 69 (9) NA

Mean (SD) age at death, yrs 77 (13) 70 (11) 77 (9) NA

Mean (SD) age at scan, yrs. 72 (11) 66 (12) 73 (9) 69 (8)

Mean (SD) time from onset-scan, yrs 3 (1) 5 (4) 4 (2) NA

Mean (SD) time from scan-death, yrs 6 (2) 4 (3) 4 (1) NA

* Mean (SD) MMSE score 22 (5) 20 (8) 21 (6) 29 (1)

* Mean (SD) CDR sum of boxes 4 (3) 5 (2) 5 (5) 0 (0)

Aphasia-AD = subjects with progressive aphasia and AD pathology; Aphasia-FTLDU = subjects with progressive aphasia and FTLD-U pathology; Typical-
AD = subjects with a clinical and pathological diagnosis of AD; MMSE = Mini-Mental Status Examination; CDR = Clinical Dementia Rating scale

*
Cognitive measures recorded at the time of scan

Neurology. Author manuscript; available in PMC 2009 September 23.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Josephs et al. Page 14
TA

B
LE

 2
C

lin
ic

al
 fe

at
ur

es
 o

f t
he

 5
 c

as
es

 o
f A

D
 p

re
se

nt
in

g 
as

 p
ro

gr
es

si
ve

 a
ph

as
ia

Su
bj

ec
t

Se
x

A
ge

 a
t o

ns
et

T
ot

al
 il

ln
es

s d
ur

at
io

n
T

im
e 

fr
om

 o
ns

et
 to

 in
iti

al
ne

ur
ol

og
ic

al
 e

va
lu

at
io

n
Sy

m
pt

om
s a

t o
ns

et
 o

f d
is

ea
se

A
dd

iti
on

al
 sy

m
pt

om
s t

ha
t

de
ve

lo
pe

d 
by

 th
e 

tim
e 

of
pr

es
en

ta
tio

n

B
eh

av
io

ra
l N

eu
ro

lo
gi

st
s

be
ds

id
e 

ex
am

in
at

io
n 

fin
di

ng
s

at
 p

re
se

nt
at

io
n

1
F

76
12

1-
ye

ar
D

iff
ic

ul
ty

 g
et

tin
g 

he
r w

or
ds

 o
ut

M
ild

 d
iff

ic
ul

ty
 w

ith
 c

al
cu

la
tio

ns
,

at
te

nt
io

n 
an

d 
po

ss
ib

le
 e

pi
so

di
c

m
em

or
y

M
od

er
at

e 
ap

ha
si

a 
an

d 
ac

al
cu

lia

2
M

77
11

2-
ye

ar
s

D
iff

ic
ul

ty
 w

ith
 n

am
in

g 
es

pe
ci

al
ly

 n
am

es
 o

f
pe

op
le

Lo
ss

 o
f i

ns
ig

ht
Pr

om
in

en
t a

ph
as

ia
, d

iff
ic

ul
ty

w
ith

 a
bs

tra
ct

 re
as

on
in

g

3
F

76
7

4-
ye

ar
s

W
or

d 
fin

di
ng

 d
iff

ic
ul

tie
s

Pe
rs

on
al

ity
 c

ha
ng

e 
an

d 
po

ss
ib

ly
m

ild
 e

pi
so

di
c 

m
em

or
y 

lo
ss

Pr
om

in
en

t a
ph

as
ia

 w
ith

 m
ild

fin
ge

r a
gn

os
ia

, l
ef

t- 
rig

ht
co

nf
us

io
n,

 a
nd

 su
bt

le
 e

vi
de

nc
e

of
 li

m
b 

ap
ra

xi
a

4
F

57
7

2 
½

 -y
ea

rs
D

iff
ic

ul
ty

 w
ith

 fi
nd

in
g 

an
d 

se
qu

en
ci

ng
w

or
ds

.
Po

ss
ib

ly
 m

ild
 e

pi
so

di
c 

m
em

or
y

lo
ss

Pr
om

in
en

t a
ph

as
ia

 a
nd

 m
ild

di
ff

ic
ul

ty
 w

ith
 a

tte
nt

io
n,

le
ar

ni
ng

, a
nd

 re
ca

ll

5
M

54
9

3-
ye

ar
s

D
iff

ic
ul

tie
s e

xp
re

ss
in

g 
hi

s t
ho

ug
ht

s a
nd

id
ea

s, 
an

d 
pu

tti
ng

 w
or

ds
 to

ge
th

er
Pe

rs
on

al
ity

 c
ha

ng
e,

 a
pa

th
y 

an
d

de
cr

ea
se

d 
at

te
nt

io
n

Pr
om

in
en

t a
ph

as
ia

 a
nd

 m
ild

di
ff

ic
ul

ty
 w

ith
 a

tte
nt

io
n.

Neurology. Author manuscript; available in PMC 2009 September 23.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Josephs et al. Page 15
TA

B
LE

 3
Sp

ee
ch

-la
ng

ua
ge

 c
ha

ra
ct

er
is

tic
s b

as
ed

 o
n 

fo
rm

al
 sp

ee
ch

-la
ng

ua
ge

 e
xa

m
in

at
io

n 
at

 p
re

se
nt

at
io

n 
(s

ee
 te

xt
 fo

r d
es

cr
ip

tio
n)

.

Su
bj

ec
t

V
er

ba
l c

om
pr

eh
en

si
on

**
N

am
in

g
Fl

ue
nc

y
R

ep
et

iti
on

R
ea

di
ng

 c
om

pr
eh

en
si

on
W

ri
tin

g
N

on
ap

ha
si

c 
be

ha
vi

or
 d

ur
in

g
la

ng
ua

ge
 te

st
in

g
D

ys
ar

th
ri

a
A

pr
ax

ia
 o

f s
pe

ec
h

1
1

1
Fl

ue
nt

 (p
au

se
s f

or
 w

or
d

re
tri

ev
al

; m
ild

 la
ck

 o
f c

on
te

nt
w

or
ds

)

2
2

1,
 2

C
on

cr
et

en
es

s;
ov

er
pe

rs
on

al
iz

at
io

n;
 d

is
en

ga
ge

d
fr

om
 li

st
en

er

N
on

e
N

on
e

2
N

or
m

al
3

Fl
ue

nt
 (c

irc
um

lo
cu

tio
n;

 la
ck

of
 c

on
te

nt
 w

or
ds

; o
cc

as
io

na
l

pa
ra

gr
am

m
at

ic
 e

rr
or

s)

1
0,

 1
0,

 1
M

or
e 

di
ff

ic
ul

ty
 w

ith
 a

bs
tra

ct
 th

an
st

im
ul

us
-r

es
po

ns
e 

ta
sk

s
N

on
e

N
on

e

3
2

3,
 4

Fl
ue

nt
 (f

re
qu

en
t s

em
an

tic
 &

oc
ca

si
on

al
 p

ho
ne

m
ic

pa
ra

ph
as

ia
s;

 o
cc

as
io

na
l

pa
ra

gr
am

m
at

ic
 e

rr
or

s)

N
R

1,
 2

2
Ta

ng
en

tia
lit

y;
 d

iff
ic

ul
ty

 g
ra

sp
in

g
or

 fo
rg

et
tin

g 
si

m
pl

e 
ta

sk
re

qu
ire

m
en

ts

N
on

e
N

on
e

4*
1,

 2
2,

 3
Fl

ue
nt

 (h
es

ita
nt

 fo
r w

or
d

re
tri

ev
al

 e
ff

or
ts

; f
re

qu
en

t
ph

on
em

ic
 &

 o
cc

as
io

na
l

se
m

an
tic

 e
rr

or
s)

3,
 4

1
2

V
er

ba
l r

et
en

tio
n 

sp
an

 a
nd

aw
ar

en
es

s o
f e

rr
or

s p
oo

r r
el

at
iv

e
to

 a
ph

as
ia

 se
ve

rit
y

N
on

e
N

on
e

5*
2,

3
3,

4
Fl

ue
nt

 (d
el

ay
ed

 in
iti

at
io

n 
&

he
si

ta
nc

y;
 se

m
an

tic
 e

rr
or

s)
3

3
2

V
er

ba
l r

et
en

tio
n 

sp
an

 p
oo

r
re

la
tiv

e 
to

 a
ph

as
ia

 se
ve

rit
y

N
on

e
N

on
e

N
R

 =
 n

ot
 re

po
rte

d

R
at

in
gs

: 0
 =

 n
or

m
al

; 1
 =

 m
ild

; 2
 =

 m
od

er
at

e;
 3

 =
 m

ar
ke

d;
 4

 =
 se

ve
re

* = 
Th

es
e 

su
bj

ec
ts

’ c
on

ve
rs

at
io

na
l s

pe
ec

h 
(S

ub
je

ct
 5

 m
or

e 
lik

el
y 

th
an

 S
ub

je
ct

 4
) m

ig
ht

 m
ee

t s
om

e 
in

ve
st

ig
at

or
s’

 d
ef

in
iti

on
 o

f l
og

op
en

ia
4 .

**
R

at
in

gs
 b

as
ed

 o
n 

1–
3 

se
nt

en
ce

 le
ve

l m
ea

su
re

s r
eq

ui
rin

g 
gr

am
m

at
ic

al
 a

nd
 sy

nt
ac

tic
 p

ro
ce

ss
in

g.

Neurology. Author manuscript; available in PMC 2009 September 23.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Josephs et al. Page 16

TABLE 4
Neuropsychometric performances at presentation

Aphasia-AD Aphasia-FTLDU Typical-AD P value

Time from onset to testing (years) 2.5 [1–4] 2 [1–4] 2 [1–7] ns

Age at testing in years 77 [57–80] 62 [55–76] 75 [52–82] ns

Years of education 16 [15–18] 14 [12–16] 14 [8–18] ns

Executive Functioning (Mean =10, SD =3)

Trails Making Test B 2.5* [2–3] 2* [2–4] 2*[2–14] ns

Language Functioning (Mean = 10, SD =3)

Boston Naming Test 4* [2–6] 2* [1–10] 5* [2–11] ns

Controlled Oral Word Association Test 9 [4–11] 2* [2–8] 8 [2–12] 0.09

Category/Semantic Fluency 4*[2–6] 2*[1–7] 3*[2–7] ns

Multilingual Aphasia Examination Token 5*[3–7] 5*[1–12] 5*[3–13] ns

Reading Mean =100, SD =15

Wide Range Achievement Test-3 or Woodcock-Johnson-Revised α110 [95–112] or β90 [85–95] α99 [95–100] or β91[91–91] α89 [86–110] ns

Learning and Memory (Mean = 10, SD =3)

WMS-R Logical Memory I Immediate Recall 4* [1–8] 4* [2–9] 2.5* [2–5] ns

WMS-R Logical Memory II Delayed Recall 5* [2–11] 4.5* [2–8] 4* [2–7] ns

% retention 60 [40–100] 66.5 [29–100] 45 [0–100] ns

ζ WMS-R Visual Reproduction Immediate Memory 7 [3–9] 10.5[8–11] 5* [2–10] 0.03

WMS-R Visual Reproduction II Delayed Memory 6* [2–9] 7 [6–8] 4* [2–9] ns

% retention 56 [0–93] 50 [35–68] 19 [0–61] ns

Auditory Verbal Learning Test Trial 1 5* [2–7] 6*[2–7] 5* [2–7] ns

Auditory Verbal Learning Test 30-minute Delay 6* [5–11] 5.5* [2–7] 5* [2–7] ns

% retention 44 [0–100] 50[0–100] 0 [0–100] ns

Recognition 6* [5–13] 5.5* [3–8] 3* [2–8] ns

Visuoperceptual Functioning (Mean =100, SD =15)

WAIS-R Perceptual Organization Index 106 [88–114] 95 [89–118] 89 [72–95] 0.08

Note: Data shown in cells are median scores and range. WAIS-R = Wechsler Adult Intelligence Scale-Revised; WMS-R = Wechsler Memory Scale-
Revised. Standard scores less than 85 and scaled scores less than 7 are considered impaired, with lower scores reflecting greater impairment. An asterisk
(*) next to scores signals impaired performance. α = Reading test completed was the Wide Range Achievement Test-3; β = Reading test completed was
the Woodcock-Johnson-Revised

ζ
Significantly different between the Aphasia-FTLDU group and the typical AD group (p<0.5 using Mann-Whitney U test)

Aphasia-AD = subjects with progressive aphasia and AD pathology; Aphasia-FTLDU = subjects with progressive aphasia and FTLD-U pathology; Typical-
AD = subjects with a clinical and pathological diagnosis of AD
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