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ABSTRACT

Objective: Posterior cortical atrophy (PCA) and logopenic progressive aphasia (LPA) are clinical
syndromes associated with posterior brain atrophy. We compared PCA and LPA to each other and
to an age-matched group of patients with early age at onset of Alzheimer disease (EO-AD). We
hypothesized that these 3 syndromes are part of a single clinical and biologic continuum.

Methods: Voxel-based morphometry (VBM) was used to assess atrophy in 14 PCA, 10 LPA, and
16 EO-AD patients compared to 65 healthy controls. Genetic analysis for APOE was conducted
in 30 patients and 44 controls. Four patients came to autopsy. An additional 14 were studied
with the beta-amyloid specific PET with tracer 11C-labeled Pittsburgh Compound-B (PIB).

Results: VBM results demonstrated that, compared to controls, each patient group showed a
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large area of overlapping atrophy in bilateral parietal, occipital, precuneus, posterior cingulate,
posterior temporal, and hippocampal regions. Surrounding this common area, group-specific atrophy was found in small, symptom-specific regions for each group: the right ventral-occipital and
superior parietal regions in PCA, the left middle and superior temporal gyri in LPA, and the prefrontal cortex in EO-AD. APOE ⑀4 frequency was higher in all patient groups compared to controls. Four PCA, 5 LPA, and 8 EO-AD patients showed evidence of cortical amyloid at pathology
(n ⫽ 3) or on PIB-PET (n ⫽ 14).

Conclusions: Logopenic progressive aphasia and posterior cortical atrophy showed largely overlapping anatomic and biologic features with early age at onset of Alzheimer disease, suggesting
that these clinical syndromes represent the spectrum of clinical manifestation of the nontypical
form of Alzheimer disease that presents at an early age. Neurology® 2009;73:1571–1578
GLOSSARY
AD ⫽ Alzheimer disease; CBD ⫽ corticobasal degeneration; EO-AD ⫽ early age at onset of Alzheimer disease; LPA ⫽
logopenic progressive aphasia; MAC ⫽ Memory and Aging Center; PCA ⫽ posterior cortical atrophy; PIB ⫽ Pittsburgh Compound-B; PPA ⫽ primary progressive aphasia; UCSF ⫽ University of California San Francisco; VBM ⫽ voxel-based
morphometry.

It is well known that a progressive amnestic syndrome in an elderly subject is highly predictive
of Alzheimer disease (AD) pathology. More surprising is that amyloid plaques and neurofibrillary tangles are also found in younger patients (under age 65) in association with atypical, focal,
clinical syndromes in which a single cognitive domain, not related to memory, is predominantly affected. Examples of such syndromes are the logopenic variant of primary progressive
aphasia (LPA)1,2 and posterior cortical atrophy (PCA).3-5 Both of these syndromes have been
associated with a posterior pattern of atrophy, with relatively less involvement of the medial
temporal lobe. This neuroimaging pattern differs from typical AD but has been described in
sporadic early age at onset forms of AD (EO-AD).6,7
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PCA is characterized by early impairment
of visuospatial skills with less prominent
memory loss3,8,9 and is associated with atrophy in parieto-occipital and posterior temporal cortices with right predominance.10 LPA is
a clinical variant of primary progressive aphasia (PPA),11 characterized by slow speech with
frequent word-finding pauses, and deficits in
sentence repetition.12 LPA is associated with
left-hemisphere predominant atrophy in posterior temporal cortex and inferior parietal areas.1,12,13 The term EO-AD applies to patients
who meet criteria for AD,14 but show onset of
symptoms before the age of 65. Clinically,
EO-AD patients present with an early multidomain cognitive impairment including language, visuospatial, and executive functions
difficulties. Memory deficits are variable, and
often not predominant.15,16 Several recent imaging and pathologic studies of EO-AD demonstrated greater atrophy and pathologic
burden in parietal and frontal cortices, with
relative sparing of hippocampus, when compared to classic, late age at onset AD.7,17-19
In this study, we directly compared clinical,
cognitive, neuroimaging, and genetic data and
assessed for the presence of cortical ␤-amyloid in
a group of patients with PCA, LPA, and EOAD. We hypothesize that patients with PCA
and LPA and an age-appropriate group of patients with clinically defined EO-AD would be
more similar than previously thought, and may
represent the spectrum of clinical manifestation
of the same disease.
METHODS Subjects. Eligible subjects were identified by
searching the database at the University of California San Francisco (UCSF) Memory and Aging Center (MAC) for patients
meeting criteria for PCA, PPA, and EO-AD. Clinical diagnosis
was prospectively obtained and based on multidisciplinary evaluation including history and neurologic examination by a neurologist, caregiver interview by a nurse, and neuropsychological
test battery. The following diagnostic criteria were applied: Alladi et al.5 and McMonagle et al.9 for PCA; Gorno-Tempini et
al.12 for LPA; McKhann et al.14 criteria and symptom onset prior
to age 65 for EO-AD (table e-1 on the Neurology® Web site at
www.neurology.org). First-symptom research questionnaires of
each patient were reviewed by an expert neurologist (R.M.) to
determine the presence or absence of specific clinical symptoms
at disease onset (table 2). All patients with PCA endorsed severe
visuospatial complaints that were the only problems impacting
their everyday life. However, on detailed questioning they also
endorsed mild episodic memory loss, and some word-finding
and calculation deficits. At disease onset, patients with LPA only
1572

Neurology 73

November 10, 2009

reported language complaints. Patients with EO-AD reported
memory loss, difficulties in visuospatial and executive functions,
as well as word-finding problems, and deficits in all domains
were severe enough to impact their everyday functioning. In order to be included in the study, patients needed to have an MRI
within 6 months of the first clinical evaluation. All cases were
evaluated as part of an ongoing research project and identified
based on clinical criteria. The cohort consisted of 14 patients
with PCA, 10 patients with LPA, and 16 patients with EO-AD
(table 1). The patients with EO-AD were consecutively selected
within a larger sample in order to match PCA and LPA groups
for gender, disease duration, and severity. No patient had a dominant family history of dementia or psychiatric diseases.
Patient medical records were further reviewed to establish
the presence or absence of specific clinical symptoms at presentation at the UCSF MAC, and at follow-up visit at 1 to 2 years
(mean 21.3 months ⫾ 5.2) (table 2).
Sixty-five age- and sex-matched healthy subjects, with no
history of neurologic or psychiatric disorders, were used as controls for the MRI and the genetic study (38 women, 27 men;
mean age ⫽ 61 ⫾ 10 years). The study was approved by the
UCSF committee on human research. All subjects provided
written informed consent before participating.

Cognitive testing. The neuropsychological measures included in our bedside screening protocol have been described
previously20 (table e-2). Patients meeting PPA criteria underwent a comprehensive language and speech evaluation as previously described.12
Neuroimaging study. MRI scanning and analysis. MRI
scans were obtained on a 1.5 Tesla Magnetom VISION system
(Siemens, Iselin, NJ). Structural MRI sequences included double
spin echo sequence and a volumetric magnetization prepared
rapid gradient echo sequence, as previously described.12 MRI
analysis was conducted using standard methods of optimized
VBM21,22 in the SPM2 software package (Wellcome Department
of Imaging Neuroscience, London; http://www.fil.ion.ucl.ac.uk/
spm). Ad hoc template and a priori images were created by averaging both normal control and patient scans, Jacobian
modulation was performed, and GM images used for analysis
were smoothed with a 12-mm FWHM isotropic Gaussian kernel. Age, gender, and total intracranial volume were entered into
the design matrix as nuisance variables.
The following sets of linear contrasts were performed to
identify regional GM atrophy: 1) each syndrome vs controls
(PCA vs controls: [⫺1 0 0 1]; LPA vs controls: [0 ⫺1 0 1];
EO-AD vs controls: [0 0 ⫺1 1]); 2) all patient groups vs controls
[⫺1 ⫺1 ⫺1 3]; 3) each syndrome vs the other 2 syndromes
(PCA vs LPA and EO-AD [⫺1 1 0 0; ⫺1 0 ⫺1 0]; LPA vs PCA
and EO-AD [1 ⫺1 0 0; 0 ⫺1 1 0], EO-AD vs PCA and LPA [1
0 ⫺1 0; 0 1 ⫺1 0]). First, direct comparisons were performed to
identify GM atrophy in each syndrome vs controls (contrast set
1). To investigate regions of common atrophy across syndromes
the results of contrast 2 were inclusively masked by all contrasts
of set 1 (the inclusive masking procedure limits the main effect
contrast to regions that are also present in each syndrome vs
controls contrast). Then, regions of atrophy specific to each syndrome compared to the other syndromes were identified by
masking the relevant contrast from set 1 (e.g., PCA vs controls)
with the appropriate contrast from set 3 (e.g., PCA vs LPA and
EO-AD). A significance threshold of p ⬍ 0.05 corrected for
multiple comparisons (family-wise error) was accepted when

Table 1

Demographic, genetic, and global cognitive assessment data (at time
of the scan) and pathologic data for patients and controls
Posterior
cortical
atrophy

Logopenic/
Alzheimer disease
phonological
with early age
progressive aphasia at onset
Controls

No. of subjects

14

10

16

65

Female/male

9/5

4/6

6/10

38/27

Age, y (SD)

61 (8.2)

63.5 (7.2)

60.7 (3.7)

61 (10.1)

Right/left handed

12/2

9/1

15/1

60/5

Education, y

15.1 (2.9)

17.2 (3.6)

15.8 (4.1)

17.6 (2.4)

Disease duration, y (SD)

3.3 (1.9)

3.3 (2.1)

4 (2.3)

—

APOE ⑀4 frequency
(at least 1 ⑀4), %

54.5*

55.5*

55.5*

23

H1/H1 tau haplotype
frequency, %

64

37.5

54

64

PIB-PETⴙ

3/3

4/4

7/7

—

Autopsy-proven Alzheimer 1/2
disease pathology

1/1

1/1

—

MMSE, mean (SD)

20.6 (7.2)† 20.5 (4.4)†

21.3 (5.6)†

28 (1.5)

CDR (max ⴝ 3)

1.0 (0.5)†

0.9 (0.5)†

0.0 (0.0)

0.7 (0.5)†

*p ⬍ 0.05 vs controls.
†p ⬍ 0.001 vs controls.
MMSE ⫽ Mini-Mental State Examination; PIB-PET ⫽ PET with 11C-labeled Pittsburgh compound-B; CDR ⫽ Clinical Dementia Rating (sum of boxes).

comparing patients vs controls and of p ⬍ 0.001 when directly
comparing between patient groups.

Genetic methods. APOE ⑀4 is a known risk factor for AD.23
We also considered the microtubule-associated protein 
(MAPT) H1/H1 allele that was found in association with
tauopathies, such as corticobasal degeneration (CBD) and progressive supranuclear palsy24 (for further details, see appendix
e-1). Genetic analysis for APOE genotype was available for 29
patients (11 PCA, 9 LPA, and 9 EO-AD) and 44 controls, while
MAPT haplotype analysis was available for 32 patients (11 PCA,
8 LPA, and 13 EO-AD) and 42 controls.

PIB-PET and pathologic data. The PET with tracer

11

Clabeled Pittsburgh Compound-B (PIB) study was conducted in a
subgroup of patients: 3 PCA, 4 LPA, and 7 EO-AD, using the
procedures previously described.25 The autopsy study was performed at UCSF for 4 additional patients: 2 PCA, 1 LPA, and 1
EO-AD, using a previously published protocol.26 The pathologic
diagnosis was based on previously published criteria (AD27;
CBD28).

Statistical analyses. Group comparisons in continuous data
were evaluated using analysis of variance and post hoc Tukey
tests, while dichotomous variables were compared using the 2
test. Statistical analyses were implemented using SPSS software
(version 10.0.05 for windows; SPSS, Chicago, IL).

There
were no significant group differences in gender, age,
handedness, disease duration, or Clinical Dementia
Rating score (table 1). At time of first clinical evaluation
(table 2), several subjects with PCA endorsed visual agnosia, ideomotor apraxia, and mild motor signs. Subjects with LPA also reported mild praxis and calculation
difficulties, and some mild episodic memory and execu-

RESULTS Demographic and clinical data.

tive complaints, but these symptoms never became
cause of significant functional impairment. Patients
with EO-AD showed executive difficulties more frequently than patients with PCA, and demonstrated
visuospatial deficits, ideomotor apraxia, and mild motor
signs more frequently than patients with LPA (table 2).
At time of follow-up evaluation, there were no differences in the prevalence of memory, language, executive,
calculation, behavioral, praxic, and motor deficits in the
3 syndromes. However, LPA continued to show visuospatial deficits less frequently than PCA, and PCA still
demonstrated visual agnosia more commonly than
EO-AD and LPA. Furthermore, for PCA and LPA the
main cause of functional impairment remained visuospatial and language, respectively (table 2).
Motor signs were always mild and never justified
a diagnosis of CBD, progressive supranuclear palsy,
or Lewy Body dementia.
Cognitive data. MMSE scores at time of diagnosis
were not significantly different in the 3 groups (table
1). Patients with PCA scored lower on visuospatial
tasks than both patients with LPA and patients with
EO-AD, and lower than patients with LPA on visual
memory and executive tasks that involve visuospatial
material, such as design fluency. Patients with LPA
performed better than other groups on nonlanguage-based tests. They did not show worse performance on the naming and word generation tasks
(such as verbal fluency) included in the general neuropsychological screening battery. Patients with
EO-AD performed worse than patients with LPA on
a visual memory task (table e-2).
Neuroimaging data. Areas involved in each syndrome

vs controls (figure 1 and table e-3): When compared to
controls, PCA showed GM atrophy in temporoparietal-occipital regions and hippocampus, bilaterally,
with right-sided predominance. Small clusters were
found in the precentral and middle frontal gyri, bilaterally. LPA showed bilateral GM atrophy at the temporoparietal junctions, with left-hemisphere predominance,
as well as small clusters in precentral and inferior frontal
gyri. EO-AD demonstrated GM atrophy in left hippocampus and bilateral medial (precuneus, posterior
cingulate) and lateral parietal and temporal cortex (middle and superior temporal gyri, superior and inferior parietal lobule) and in bilateral middle and inferior frontal
gyri. Figure e-1 shows examples of native MRIs of 3
representative patients.
Areas common to all syndromes (figure 2, A and
B, and table e-3): GM atrophy was found in bilateral
middle occipital gyrus, bilateral posterior cingulate,
left precuneus, bilateral inferior parietal lobule, posterior portions of superior and middle temporal gyri,
and left hippocampus. Smaller clusters were also
Neurology 73
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Table 2

Frequency of symptoms and signs at disease onset, at presentation, and at follow-up (mean interval of
21.3 months from disease onset) in patients with posterior cortical atrophy, logopenic/phonological
progressive aphasia, and Alzheimer disease with early age at onset (formal cognitive testing scores
were not considered)

Symptoms and
signs
Episodic memory
complaints*
Visuospatial complaints¶
Language complaints**
Behavioral changes††
Executive complaints‡‡
Acalculia
Visual agnosia

§§

Ideomotor apraxia
Mild motor difficulties¶¶

Posterior cortical atrophy
(n ⴝ 14)

Logopenic/phonological
progressive aphasia (n ⴝ 10)

Alzheimer disease with
early age at onset (n ⴝ 16)

Disease
onset

Disease
onset

Disease
onset

First
visit

Follow-up

First
visit

Follow-up

36

50

60

0

33

90

100†‡

100㛳†

100†

100†

0

20

30

31

㛳§

㛳

100†

Follow-up
§

75#

100
75

36

36

60

100

100

25

38

75

0

21

30

0

10

20

13

38

33

0

0

20

0

40‡

60

19

56‡

50

14

43

50

0

20

50

6

25

33

㛳#

100 ‡

First
visit

14

㛳

64

70

0

0

10

0

6

25

NA

57†

40

NA

0

40

NA

38#

58

7

50#

70

0

0

50

0

44#

42

Frequencies are expressed in percentages.
†⬍0.001 vs LPA; ‡⬍0.001 vs PCA; §⬍0.05 vs PCA; 㛳⬍0.001 vs EO-AD; #⬍0.05 vs LPA.
*Episodic memory: missing appointments, forgetting events, misplacing objects, learning new tasks, getting lost.
¶
Visuospatial: visual field defects, neglect, and spatial disorientation.
**Language: word-finding, comprehension, reading, and spelling difficulties, and phonemic paraphasias.
††Behavioral: agitation, delusions.
‡‡Executive: planning, organization, and multitasking deficits.
§§
Visual agnosia: simultagnosia, prosopagnosia, object agnosia.
¶¶
Mild motor findings: mild slowing of alternating movements, mirroring incoordination, and rest or postural tremor.
EO-AD ⫽ Alzheimer disease with early age at onset; LPA ⫽ logopenic/phonological progressive aphasia; PCA ⫽ posterior
cortical atrophy; NA ⫽ not available.

found in bilateral precentral gyrus, and the middle
and inferior frontal gyri bilaterally. In the left panel
of figure e-2, volumes of the most significant GM
voxels are plotted for common areas.
Areas specifically affected in each syndrome
(figure 2, A and B, and table e-3): GM loss specific
to PCA included right middle occipital gyrus, bilateral lingual and fusiform gyri, right superior parietal gyrus, and right hippocampus. LPA-specific
GM atrophy occurred in the middle third of the
left middle temporal gyrus and left superior temporal sulcus. EO-AD-specific GM atrophy was
medially distributed in the right anterior cingulate, right middle frontal gyrus, and left hippocampus. In the right panel of figure e-2,
volumes of the most significant GM voxels are
plotted for syndrome-specific areas.
Genetic data. The frequency of the APOE ⑀4 geno-

type was higher in patients than controls ( p ⬍ 0.05),
but was not different between patient groups. Frequency of the H1/H1  haplotype was not different
across groups and compared to controls.
PIB and pathologic data. All patients studied with

PIB-PET showed elevated cortical tracer retention
on visual inspection, showing presence of amyloid
deposition. Three patients had AD pathology at
1574
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autopsy: 1 PCA, 1 LPA, and 1 EO-AD. One
PCA patient received the pathologic diagnosis
of CBD.
Post hoc imaging analysis of autopsy-proven and PIBpositive subgroup. Four patients with PCA, 5 pa-

tients with LPA, and 8 patients with EO-AD with
evidence of cortical amyloid were compared to a control group. Contrasts were identical to the general
analysis but the statistical threshold was p ⬍ 0.001
uncorrected because of the small number of subjects.
Common and specific areas were comparable to the
larger group analysis (figure 3).
We investigated the clinical, neuroimaging, and biologic features associated with PCA, LPA,
and EO-AD. Our findings show that 1) PCA and LPA,
initially very distinct, subsequently share some symptoms and signs with EO-AD, although maintaining
greater impairment in the visuospatial or language domain; 2) all 3 groups are associated with a largely
overlapping pattern of atrophy centered in the temporoparietal region, surrounded by smaller syndromespecific areas; and 3) all groups share common
genetic, pathologic, and PIB-PET features suggestive of AD etiology. We discuss these results, proposing a framework in which PCA and LPA are 2

DISCUSSION

Figure 1

Gray matter areas significantly atrophied in each patient group
vs controls

(A) Posterior cortical atrophy (PCA), (B) logopenic/phonological progressive aphasia (LPA),
and (C) early age at onset AD (EO-AD). Regions of gray matter (GM) atrophy are shown on
the 3-dimensional rendering of the Montreal Neurological Institute standard brain. Results
are shown at a threshold of p ⬍ 0.05 corrected.

possible clinical presentations of the variant of AD
that presents below 65 years of age (EO-AD).
Clinical diagnosis of PCA and LPA were established prospectively at UCSF and patients presented
at disease onset with distinct clinical syndromes with
a clear predominance of visuospatial or language
complaint. Retrospective analysis of specific symptoms and signs showed that few patients with PCA
also reported other mild cognitive complaints at disease onset, while most had language and memory
deficits at presentation at a tertiary memory clinic (a
mean of 3.5 years from onset). On the other hand,
no patients with LPA had non-language symptoms at
onset and only a third reported mild episodic memory and apraxic and calculation problems at diagnosis. It is interesting that limb apraxia and acalculia
have been considered the only non-language symptoms compatible with a diagnosis of PPA, even at

onset.11 In general, the greater focality of the clinical
presentation in LPA might depend on the fact that
mild language deficits are noticed earlier and are
more functionally significant than mild visuospatial
difficulties.
Partially overlapping clinical features suggest the
possibility of shared posterior anatomic involvement in
PCA, LPA, and EO-AD. In this study, we directly compared the specific distribution of atrophy in these 3 syndromes at presentation and showed largely overlapping
damage to the temporoparietal region. Around this
large region of common atrophy, small distinctive regions were associated with each of the 3 syndromes.
Consistently with their visual disturbance, patients with
PCA showed greater atrophy in the right temporooccipital and dorsal parietal regions previously associated with the ventral and dorsal visual pathways.9,29
LPA showed greater left posterior middle and superior
temporal atrophy compatible with their greater language comprehension and production deficits.30 Finally, EO-AD showed greater frontal volume loss, in
keeping with their greater executive difficulties.31 Our
study is therefore consistent with previous MRI results
that considered each of these syndromes separately,7,10,12
and previous fluorodeoxyglucose PET findings on atypical language and visuospatial AD presentation.32,33
No previous study had directly compared the specific clinical syndromes considered here, because they
were originally considered as separate entities from
each other and from EO-AD. In particular, both
PCA and LPA (as a variant of PPA) were classically
considered as being more often caused by non-AD
pathologic changes. Instead, more recent evidence on
PCA and LPA biology suggests that AD might be the
most common underlying pathology.2,4,5 Therefore,
we performed such direct comparison by entering
images from all 3 groups in the same analysis, to
investigate commonalities and differences. Results
showed that there was a large region of overlapping
atrophy in all patient groups in the temporoparietal
network. This network is known to be preferentially
affected pathologically, structurally, and functionally
in AD, especially in younger patients.7,17-19,34,35 Although location of atrophy is not an absolute marker
of pathology, it does increase the probability of a certain underlying pathologic process, since different
brain regions seem to be more vulnerable to specific
diseases.36 For this reason, site of atrophy has been
included in the most recent criteria for AD.37 In our
patient populations, the presence of common atrophy in temporoparietal regions suggests a high probability that the underlying biologic process is AD in
all 3 clinical syndromes. Our biologic findings also
support this view and suggest that PCA and LPA are
most often clinical variants of EO-AD.
Neurology 73
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Figure 2

Common and specific areas of gray matter atrophy

Gray matter (GM) atrophy common to all patients vs controls is shown in cyan, while GM
regions specifically atrophied in each group compared with controls are indicated in blue for
posterior cortical atrophy (PCA), green for logopenic/phonological progressive aphasia
(LPA), and red for early age at onset AD (EO-AD). Results are superimposed on the
3-dimensional rendering of the Montreal Neurological Institute standard brain and on axial
sections of the mean image of the scans used to obtain the template image. For display
purposes, results are shown at a threshold of p ⬍ 0.05 corrected for common and of
p ⬍ 0.001 uncorrected for specific areas.

The genetic study showed that the 3 groups demonstrated higher than normal frequency of the APOE
⑀4 allele, and thus had increased genetic risk for AD
pathology. On the other hand, none of our clinical
groups showed increased risk for a tauopathy, since
H1/H1 MAPT haplotype was comparable to conFigure 3

trols. This result is particularly relevant since PCA
was once thought to be frequently associated with
CBD. MAPT haplotype data were not available for
the PCA case with CBD at pathology. Consistent
with the anatomic and genetic findings, molecular
imaging and pathologic results in a subgroup of 18
patients showed evidence of AD-related changes in
all cases of LPA (5/5) and EO-AD (8/8), and in all
but 1 case of PCA (4/5). For 14 patients, PIB-PET
data but not final pathologic specimens were available. While recent studies confirmed that the presence of cortical PIB-PET in vivo signal is highly
correlated with the beta-amyloidosis of AD on autopsy,38,39 the presence of copathology cannot be excluded.25,40 Our subject sample with pathologic and
PIB data is relatively small, although comparable to
other pathologic series.
Taken together, our results and previous findings
sustain that AD is the most common pathology underlying 2 different clinical syndromes associated with
asymmetric posterior atrophy. PCA and LPA can thus
be considered variants of EO-AD, just as progressive
nonfluent aphasia and behavioral variant frontotemporal dementia are associated with asymmetric frontal
atrophy and are considered clinical variants of frontotemporal lobar degeneration spectrum pathology. It
remains unclear why posterior brain regions are particularly vulnerable to AD, especially in younger subjects,
and why different individuals present with such asymmetric patterns of cognitive deficits and atrophy. Future
studies are needed to identify how genetic, developmental, and environmental factors interact to determine the
different vulnerability of the language or visuospatial
networks in different subjects. Current research criteria
emphasize memory loss in AD, and may miss early age
at onset cases that present with isolated clinical syn-

Pattern of gray matter atrophy common to all autopsy-proven and PIB-positive patient groups
vs controls

Results are superimposed on the 3-dimensional rendering of the Montreal Neurological Institute standard brain and on
coronal section of the mean image of the scans used to obtain the template image. Results are shown at a threshold of p ⬍
0.001 uncorrected.
1576

Neurology 73

November 10, 2009

8.

dromes associated with posterior brain involvement.
Thus, extending the clinical phenotype of EO-AD to
include visuospatial and language presentations is critical, considering that these patients could be good candidates for emerging anti-␤-amyloid therapies.
This study has the limitation that the number of
patients who underwent autopsy or PIB-PET is relatively small. For this reason, observations based on neuropathologic data should be read considering this
constraint.
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