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Abstract
Sporadic corticobasal syndrome (CBS) has been associated with diverse pathological substrates, but
frontotemporal lobar degeneration with TDP-43 immunoreactive inclusions (FTLD-TDP) has only
been linked to CBS among progranulin mutation carriers. We report the clinical, neuropsychological,
imaging, genetic, and neuropathological features of GS, a patient with sporadic corticobasal
syndrome. Genetic testing revealed no mutations in the microtubule associated protein tau (MAPT)
or progranulin (PGRN) genes, but GS proved homozygous for the T allele of the rs5848 PGRN
variant. Autopsy showed ubiquitin and TDP-43 pathology most similar to a pattern previously
associated with PGRN mutation carriers. These findings confirm that FTLD-TDP should be included
in the pathological differential diagnosis for sporadic CBS.
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Introduction
Corticobasal syndrome (CBS) refers to a clinical presentation featuring progressive
asymmetric bradykinesia, rigidity, and dystonia accompanied by cortical signs such as apraxia,
alien limb phenomena, cortical sensory loss, myoclonus, and mirror movements (3). This
constellation of symptoms and deficits was initially linked to corticobasal degeneration (CBD),
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a distinct pathological entity with characteristic tau-immunoreactive neuronal and glial
inclusions and robust subcortical white matter tauopathy (9). Autopsy series, however, have
demonstrated that diverse pathologies can underlie sporadic CBS, including Alzheimer’s
disease (AD), Pick’s disease, progressive supranuclear palsy (PSP), neurofilament inclusion
body disease(43), dementia with Lewy bodies, Creutzfeldt-Jakob disease (4,24,25,43), and
FTLD with ubiquitin-immunoreactive inclusions (FTLD-U) before TDP-43 was linked to this
subtype (18,19,24) or in patients with TDP-43 negative FTLD-U (23). Conversely, patients
with CBD pathology often present with syndromes other than CBS, such as progressive
nonfluent aphasia, a PSP-like syndrome, and behavioral variant frontotemporal dementia
(bvFTD) (17,32,37). These observations underscore the need to distinguish CBS, the
syndrome, from CBD, the pathologic entity. Current consensus neuropathological
nomenclature for FTLD (27) recognizes CBD as a histopathological subtype of FTLD with
tau immunoreactive inclusions (FTLD-tau).

Historically, most patients with inherited CBS have harbored microtubule associated protein
tau (MAPT) mutations, resulting in FTLD-tau pathology strongly resembling CBD (5). More
recently, however, inherited CBS has been linked to progranulin (PGRN) mutations, which
cause FTLD with ubiquitin- and TAR DNA-binding protein 43 (TDP-43) immunoreactive
inclusions (FTLD-TDP). Pathological TDP-43 is hyperphosphorylated, ubiquitinated, and
cleaved to produce C-terminal fragments, and neurons with cytoplasmic TDP-43 inclusions
show characteristic loss of normal (nuclear) TDP-43 localization (30). Although FTLD-TDP
has emerged as an important cause of inherited CBS, it remains uncertain whether TDP-43
pathology can cause sporadic CBS in patients who lack a PGRN mutation.

Two closely related classification schemes have emerged to describe the pathologic
heterogeneity of FTLD-TDP (26,36). Mackenzie et al. (26) divided FTLD-TDP into three
subtypes based on appearance and distribution of TDP-43 pathology in cortex and
hippocampus. Type 1 featured many short dystrophic neurites (DNs), neuronal cytoplasmic
inclusions (NCIs), and lentiform neuronal intranuclear inclusions (NIIs) within cortical layer
II, and variable numbers of NCIs in dentate gyrus granule cells. Type 2 displayed abundant
long DNs but few NCI or NII except in the dentate gyrus, where scattered NCIs were identified.
Type 3 consisted of numerous NCIs but few DNs and rare or no NIIs. Sampathu et al (36)
devised a similar scheme, with abundant long DNs in Type 1 (Mackenzie Type 2), numerous
NCIs in superficial and deep layers in Type 2 (Mackenzie Type 3), and ring or comma-shaped
NCIs, variable NIIs, and short DNs in superficial layers in Type 3 (Mackenzie Type 1). Nearly
all patients with PGRN mutations show Mackenzie Type 1 (Sampathu Type 3) pathology
(26,36). Recently, Rademakers et al reported that patients with FTLD-TDP homozygous for a
common PGRN polymorphism, the T-allele of variant rs5848, often feature a Mackenzie Type
1 TDP-43 pathological pattern, similar to PGRN mutation carriers (31). The authors
hypothesized that the T-allele of rs5848 increases microRNA binding efficiency to the 3’
untranslated region (UTR) of PGRN mRNA, leading to enhanced suppression of PGRN
translation and reduced levels of functional progranulin (31).

In this report, we describe GS, a patient with sporadic CBS due to FTLD-TDP. This novel
clinicopathological coupling, though reminiscent of patients with PGRN mutations, occurred
in a patient who lacked a PGRN mutation.

Materials and Methods
Subjects

GS presented at age 63 years and was studied over three years as part of a longitudinal dementia
research program. Twenty-eight age-matched healthy women (mean age = 63.0 years, s.d. =
6.2) underwent a neurological and neuropsychological assessment, were diagnosed as
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clinically normal at a consensus case conference, and served as controls for the imaging and
neuropsychological analyses. Controls were selected to match GS for age from a pool of 54
female subjects with neuropsychological data and an available MRI scan within 90 days of
clinical assessment. All subjects (or their surrogates) provided written informed consent prior
to participation. The study was approved by the University of California San Francisco
Committee on Human Research.

Neuropsychological Testing
A neuropsychological evaluation was performed, as previously described (38), to assess
language, memory, visuospatial, and executive function. Mood was assessed with the Geriatric
Depression Scale. One control subject lacked a complete neuropsychological data set and was
excluded from these analyses.

Neuroimaging
MRI scans were obtained on a 1.5-T Magnetom VISION system (Siemens Inc., Iselin, NJ)
equipped with a standard quadrature head coil. Structural MRI sequences were obtained as
previously described to produce high resolution T1-weighted images with whole-brain
coverage (35). Cortical reconstruction and volumetric segmentation were performed with the
Freesurfer image analysis suite (http://surfer.nmr.mgh.harvard.edu/). Imaging procedural
details are described in prior publications (7,8,12-15). The Freesurfer processing stream
includes motion correction and averaging of multiple volumetric T1-weighted images, removal
of non-brain tissue using a hybrid watershed/surface deformation procedure (40), automated
Talairach transformation (12,15), intensity normalization (42), tessellation of the gray matter-
white matter boundary, automated topology correction (41), and surface deformation (7). The
resulting three-dimensional models of the cortical surface were then registered to an atlas using
individual cortical folding patterns to match cortical geometry across subjects (14) and
parcellated into regional subunits based on gyral and sulcal structure (8,15). Using both
intensity and continuity information from the MR volume and the cortical surface model,
representations of cortical thickness were produced, calculated as the closest distance from the
gray/white boundary to the gray/CSF border at each vertex on the tessellated surface (11). A
single-subject statistical comparison of cortical thickness between GS and controls was
conducted by registering each subject’s map of thickness values to a common surface, and
using a general linear model (GLM) fit at each node using a built-in Freesurfer group analysis
tool. The thickness maps for each subject were smoothed with a 10 mm Gaussian kernel, and
the significance threshold was set to p < 0.01, uncorrected for multiple comparisons.

Genetic Analyses
For sequencing analyses, all 12 coding exons and the non-coding exon 0 of PGRN and exon 1
and exons 9–13 of MAPT were amplified by PCR using previously published primers and
protocols (1,20). PCR products were purified using AMPure (Agencourt Biosciences, Beverly,
MA) then sequenced in both directions using the Big Dye Terminator v3.1 Cycle Sequencing
kit (Applied Biosystems, Foster City, CA). Sequencing reactions were purified using
CleanSEQ (Agencourt Biosciences) and run on an ABI3730 Genetic Analyser (Applied
Biosystems).

Total RNA was quantified according to previously published methods (6). Absolute expression
values were log2 transformed to and normalized using quantile normalization. The normal
range was established in 199 healthy controls (mean age 64.2, s.d. 10.5 yrs).
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PGRN ELISA assay
GS’s plasma PGRN expression level was analyzed using the human Progranulin ELISA kit
(Adipogen Inc., Seoul, Korea) using a 1:100 dilution of the plasma samples in 1x diluent
following manufacturer’s instructions. Recombinant human PGRN provided with the ELISA
kit was used as a standard. A total of 70 healthy controls (mean age 66.3, s.d. 11.0 yrs) as well
as previously analyzed FTLD patients with and without PGRN mutations were also included
in the analyses (10).

Neuropathology
The fresh brain was removed and cut into 8-10 mm thick coronal slabs. These slabs were
alternately fixed, in freshly made 4% paraformaldehyde for 72 hours, or rapidly frozen. Tissue
blocks covering dementia-related regions of interest were dissected from the fixed slabs, and
basic and immunohistochemical stains were applied following standard diagnostic procedures
developed for patients with dementia (21). Immunohistochemistry was performed using
antibodies to: ubiquitin (anti-rabbit, 1:1000, DAKO North America, Carpinteria, CA), TDP43
(anti-rabbit, 1:2000, Proteintech Group, Chicago, IL), hyperphosphorylated tau (CP-13
antibody, courtesy of P. Davies), beta-amyloid (anti-mouse, 1:250, Millipore, Billerica, MA),
glial fibrillary acidic protein (GFAP; anti-rabbit, 1:250, DAKO North America, Carpinteria,
CA), alpha synuclein (anti-mouse, 1:1000, Millipore, Billerica, MA), alpha-internexin (anti-
mouse, 1:200, Invitrogen, Carlsbad, CA), and fused in sarcoma (FUS, anti-rabbit, 1:200, Sigma
Aldrich, St. Louis, MO). All immunohistochemical runs included positive control sections to
exclude technical factors as a cause of absent immunoreactivity.

Results
Clinical History

GS was a 63-year-old right-handed woman referred to UCSF for progressive, asymmetric
rigidity and dystonia of her left side. Shortly before the assessment, she had stopped working
as an accountant because of difficulty with her left hand, which prevented her from typing or
driving. Her first symptoms had emerged six years prior, when she developed numbness in her
left fifth digit. She was diagnosed with carpal tunnel syndrome and treated with repeated steroid
injections without improvement. Over the following five years, her entire left hand became
numb. During the year prior to presentation, she noted left hand twisting and stiffness, which
progressed to constant dystonic hand posturing, rendering the hand useless. She reported that
her left arm “appeared to have a mind of its own”. It interfered when she tried to apply facial
cream with her right hand; at times she slammed doors on her left arm, as it did not always
follow her body through doorways. While driving, her left hand turned the steering wheel in
an unintended direction. She could no longer use tools or utensils with the left hand. She
acknowledged the left arm as her own and was frustrated by its lack of coordination. Gait
instability emerged due to difficulty with the left leg, especially when it did not follow the right
leg. She reported a near fall on an escalator because her right foot started up the escalator but
her left foot failed to follow. She had also noticed difficulties in the right hand, with smaller,
illegible handwriting. Her speech became slurred. She reported difficulty navigating while
driving. Language and memory were preserved and she could manage most executive tasks.
She delegated financial matters to her husband due to her inability to use a computer or write
clearly.

Past medical history was unremarkable. Family history was negative for neurological disease
except for a paternal grandfather with late-life tremor.

On initial neurological examination, GS had a normal affect. Spontaneous speech and language
production and comprehension were normal, but she displayed oral-buccal apraxia. Square
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wave jerks were present in primary gaze, and there was mild lateral gaze restriction with
saccadic breakdown of smooth pursuits. Voluntary side-to-side tongue movements were slow,
uncoordinated, and mimicked by her left hand. There was mild tongue tremor, dysarthria and
hypophonia. Limb power was full throughout, but increased tone with rigidity and cogwheeling
was present in the left upper extremity. There was mild rigidity in the right upper extremity.
She had a resting tremor and intermittent myoclonus in her left arm and mild bilateral postural
tremor. Her left hand was dystonically closed, and she could not open it. Tone in the lower
extremities was increased on the left but normal on the right. No limb apraxia or alien limb
phenomena were noted. Sensation to pinprick, vibration, and joint position sense were normal.
She had significant bilateral cortical sensory deficits (agraphesthesia and astereognosis), worse
on the left. Reflexes were normal and symmetric and both plantar responses were flexor. There
was no dysmetria on finger-to-nose testing. Gait was mildly wide-based, and toe and heel
walking exaggerated dystonic posturing in both upper extremities, worse on the left. The left
leg occasionally dragged behind her. She had mild retropulsive instability.

The subsequent year brought worsening rigidity and gait disturbance. Her right upper extremity
became clumsy, with involuntary grasping. Dysphagia and dysarthria worsened, attenuating
verbal output. She became depressed with intermittent confusion. She became mildly
impulsive, leading to occasional falls, and some social disinhibition emerged. The following
year, she became mute and immobile with ophthalmoparesis. Her right side worsened,
rendering both hands useless. She developed pyramidal weakness and decreased primary
sensation in the left arm. She developed aspiration pneumonia and died in March of 2008.

Neuropsychological Testing
GS’s first neuropsychological evaluation occurred in July, 2005 (Table 1). Overall, the testing
revealed mild speech abnormalities and deficits in visual-spatial and executive function, with
sparing of verbal memory and naming. At follow-up, evolving motor and speech difficulties
precluded a complete battery, but worsening visual-spatial and working memory deficits were
noted, with continued sparing of verbal memory, naming, and reading skills.

Neuroimaging
A brain MRI obtained six years after symptom onset revealed bilateral posterior frontal and
anterior parietal atrophy, significantly worse on the right (Figure 1). Affected regions included
primary and supplementary sensorimotor cortices (Fig. 1a). The precuneus, posterior cingulate
and orbitofrontal cortices were spared. Freesurfer analysis revealed significant right frontal
cortical thickness reductions, within the banks of the precentral and superior frontal sulci,
superior frontal gyrus including medial supplementary motor area, and precentral gyrus (Fig
1b). Significant parietal atrophy was also evident, most severely affecting the superior parietal
lobule and postcentral gyri. Though less severe, cortical thickness reductions were also
identified in homologous left hemisphere regions (Fig. 1b), and the overall pattern was
consistent with gross observations at autopsy (Fig. 1c).

Genetic and expression studies
No mutations were identified in PGRN and MAPT by extensive sequencing analyses. Genetic
analyses further showed homozygosity for the extended MAPT H1 haplotype and
homozygosity for the T-allele of the rs5848 genetic variant in PGRN. Apolipoprotein E
genotype was E2/E3.

The whole blood progranulin mRNA level in GS was 9.33, well within spectrum seen in
controls (mean 9.37, s.d. 0.32). A PGRN plasma ELISA assay detected a PGRN level of 169
ng/ml, also within the healthy control range (mean 228 ng/ml, s.d. 50 ng/ml, range 138-376
ng/ml).
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Neuropathology
The fresh brain weighed 920 grams. Gross examination revealed severe atrophy of the frontal
and parietal lobes, bilaterally, worse on the right than the left (Figure 1c and 2a-b). Marked
cerebral cortical thinning was evident over the posterior frontal and anterior parietal lobes,
worse on the right than the left. The temporal lobes and hippocampi showed no atrophy.
Microscopically, the sampled region most devastated was the right postcentral gyrus (Fig. 2c-
e, Table 2). The pattern of regional degeneration, highly consistent with the clinical deficits
and previous descriptions of CBS and CBD, is summarized in Table 2. Hematoxylin & eosin
(H & E) staining revealed rare ballooned neurons in frontal and parietal cortex; none were
identified with tau or silver stains.

In affected cortical regions, TDP-43 immunohistochemistry revealed frequent short, angular
neuropil threads, most likely DNs, and round or comma-shaped NCIs. Both DNs and NCIs
were most prominent in layers 2 and 3 (Figure 3, Table 2). Abundance of TDP-43 pathology
correlated with the severity of microvacuolation and gliosis, except in the right postcentral
gyrus, where profound neuronal loss rendered NCIs and DNs less frequent. Figure 3 provides
representative examples of the cortical pathology in selected frontal and parietal regions.
Temporal neocortical regions showed the mildest Ub and TDP-43 pathology. A few large Layer
5 neurons with skein-like NCIs were detected in left primary motor cortex. Sparse TDP-43
pathology was seen in hippocampus and entorhinal cortex. Notably, the dentate gyrus showed
no TDP-43-immunoreactive NCIs (Fig. 3i). More frequent NCIs and threads were seen in
substantia nigra, midbrain tegmentum and periaqueductal gray. The hypoglossal nucleus
showed a normal population of motor neurons, without NCIs. The basal ganglia showed only
sparse Ub and TDP-43 pathology (Fig. 4a-d), but robust TDP-43 pathology was detected in
subcortical white matter (Fig 4e-f), with numerous threads and coiled oligodendroglial
inclusions (29)]. NIIs (Figure 3g) were distinctly rare. In general, ubiquitin immunoreactive
neuropil threads and inclusions followed a similar pattern as those seen with TDP-43 staining,
though ubiquitin stained most areas less avidly than did TDP-43. All regions showing TDP-43/
ubiquitin pathology stained negatively for tau. Overall, the pathological findings were most
consistent with FTLD-TDP Type 1 (Mackenzie et al (26))/Type 3 (Sampathu et al (36)).

There were no neuritic plaques (NP), neurofibrillary tangles (NFTs), globose tangles, or Pick
bodies noted with silver stains. Sparse tau immunopositive neuropil threads and NFTs were
seen in hippocampal CA1, and moderate to frequent neuropil threads and NFTs were observed
in entorhinal cortex, corresponding to Braak Stage 2. No tau immunoreactivity was seen
elsewhere. Lewy bodies were not detected. No FUS or alpha-internexin immunoreactivity was
seen in medial temporal lobe or premotor cortex.

Discussion
GS suffered from a progressive neurodegenerative illness typical of CBS. Her complex
sensorimotor and cognitive deficits correlated with focal perirolandic pathology involving
primary and secondary sensorimotor cortices and extending into lateral frontal and parietal
association areas. Although right-predominant, the disease advanced into homologous bilateral
cortical and subcortical regions that together constitute a large-scale functional network shown
to degenerate in CBS (39). Neuropsychology and neuroimaging revealed conspicuous temporal
lobe sparing, confirmed microscopically at autopsy.

Although previous reports have linked CBS to PGRN mutation-associated FTLD-TDP (2,28)
and to FTLD-U (18,19,24), to our knowledge GS represents the first reported patient with CBS/
FTLD-TDP in the known absence of a PGRN mutation. Therefore, our findings add FTLD-
TDP to the pathological differential diagnosis for sporadic CBS. As CBS treatment trials begin
to emerge, discriminating biomarkers will be needed to sort patients according to underlying

Tartaglia et al. Page 6

Acta Neuropathol. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



pathology. Potential biomarkers include genetic polymorphisms that modify disease gene
expression, like homozygosity for the rs5848 T-allele identified in GS, but larger studies are
required to determine whether sporadic CBS due to FTLD-TDP occurs more commonly in
patients with this or other disease modifying genes. A recent study found no increased risk for
frontotemporal dementia in T allele homozygotes (34), but it remains to be determined whether
this genotype alters the clinical phenotype in patients with sporadic FTLD-TDP.

CBS pathological heterogeneity highlights important issues regarding the relationship between
clinical syndrome and molecular pathogenesis. Strikingly, GS’s TDP-43 pattern and
distribution shared several features with typical CBD pathology. As in CBD, the burden of
NCIs and neuropil threads was severe in primary and secondary sensorimotor cortices but
spared the temporal and occipital lobes. Like patients with CBD, GS showed extensive
subcortical white matter pathology, with frequent threads and coiled body-like
oligodendroglial inclusions similar to those described previously in FTLD-TDP (29). The
pattern of TDP-43 pathology correlated well with clinical and radiological deficits, which were
typical of CBS. As seen in most patients with CBS due to CBD, genetic testing revealed
homozygosity for the extended MAPT H1 haplotype, but the significance of this finding in GS
remains uncertain. Overall, GS’s pathological features reinforce the view that the location of
pathology, rather than its molecular identity, is what determines the clinical syndrome.

FTLD-TDP represents an emerging pathological spectrum that is still being actively defined
(16). GS’s cortical pathology was characterized by short, angulated neuropil threads and
numerous NCIs in superficial more than deep layers. Her frontoparietal distribution (22,33)
and histological features most strongly resemble Mackenzie Type 1 (Sampathu Type 3) FTLD-
TDP pathology, the subtype associated with mutations in PGRN\. Although the role of NIIs in
defining this FTLD-TDP subtype remains unsettled (16), GS lacked the NII frequency
described in some previous reports (26). Finally, in contrast to all Mackenzie subtypes (which
included characterization of the dentate gyrus), GS showed no dentate gyrus granule cell
inclusions, perhaps merely reflecting her lack of temporal lobe involvement.

Because CBS had only been associated with TDP-43 among PGRN mutation carriers, we
suspected a de novo PGRN mutation in GS. Sequencing of the PGRN gene, however, revealed
no mutation, though GS did prove homozygous for a newly identified possible risk factor
polymorphism, the T-allele of the rs5848 PGRN variant. This polymorphism was previously
suggested to improve microRNA binding efficiency to the PGRN 3’ UTR, resulting in reduced
PGRN expression (31), but in GS whole blood PGRN mRNA and plasma protein levels were
normal. Therefore, patient-specific factors that occasionally drive FTLD-TDP into the dorsal
frontoparietal CBS network remain mysterious. Disease-modifying genetic interactions could
influence not only which molecular pathology accrues in a brain, but also where it accrues.
Future correlative clinical, radiological, pathological, and genetic approaches will be required
to approach this key issue in neurodegenerative disease research.
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Figure 1. Neuroimaging features
(a) Coronal (top) T1-weighted MRI at presentation. (b) Freesurfer comparison of GS to 28
healthy age-matched women shown at two levels of statistical significance revealed atrophy
in right precentral sulcus, superior frontal gyrus, precentral gyrus, medial supplementary motor
area, superior parietal lobule and postcentral gyrus. Foci of reduced cortical thickness were
also apparent in homologous left hemisphere regions. (c) Dorsal view of fresh brain exhibiting
marked, right greater than left, perirolandic atrophy. Arrow indicates Central Sulcus. Scale bar
represents 5 cm.
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Figure 2. Asymmetric, focal perirolandic degeneration
(a) Coronal view through postcentral gyrus (arrowheads) further highlights asymmetric
atrophy. (b) Microscopically, right postcentral gyrus showed profound microvacuolation and
gliosis, which included marked reactive astrogliosis (c-d). Scale bar in (a) represents 2 cm.
Scale bar in (d) applies to (b-d) and represents 200 uM (b, c) and 50 uM (d). Hematoxylin and
eosin, (b). Antibody to glial fibrillary acidic protein (c-d).
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Figure 3. FTLD-TDP microscopic pathology
Ubiquitin (Ub) and TDP-43 immunoreactive inclusions including neuronal cytoplasmic
inclusions (NCIs), dystrophic neurites (DNs), glial cytoplasmic inclusions (GCIs) and neuronal
intranuclear inclusions (NIIs) were most similar to FTLD-TDP Type 1 (Mackenzie et al(26)).
(a-d) In frontal and parietal cortex, short DNs and numerous small, round or comma-shaped
NCIs in superficial layers predominated. (e-h) At higher magnification, note NCIs in pre-
supplementary motor cortex (preSMA) and a lentiform NII (g) in right angular gyrus (ANG).
(i) Inclusions immunopositive for TDP-43 or ubiquitin (not shown) were not observed in the
dentate gyrus. Scale bar in (h) represents 20 uM and applies to (e), (f) and (h). Scale bar in (i)
represents 10 um in (g), 20 um in (a-d) and 50 um in (i).
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Figure 4. Subcortical and white matter pathology
Mild Ub (a, c) and TDP-43 (b, d) pathology consisting primarily of dystrophic neurites in
caudate (a, b) and putamen (c, d). Significant subcortical WM pathology in right supplementary
motor area (e, f). Ub (e) and TDP-43 (f) immunoreactive coiled inclusions in oligodendroglia
accompanied by white matter thread pathology. Scale bars represent 100 uM in (a) and (b); 50
uM in (d) and (e) and 20uM in (c) and (f).

Tartaglia et al. Page 14

Acta Neuropathol. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Tartaglia et al. Page 15

Table 1

Neuropsychological Assessment at presentation and after 1 year

Controls (N=27) GS July 2005 GS Sept. 2006

MMSE (30) 30 (0.6) 29 23/25

CVLT-II Long Delay Free Recall (16) 13.4 (2.8) 10 n/a

CVLT-Short Form 10-minute Free Recall (9) 8 (1.1) n/a 8

Modified Rey Complex Figure Recall (17) 11.9 (2.5) 6 *** could not assess

15-Item Boston Naming Test (15) 14.6 (0.9) 15 15

Category Fluency (Animals) 23.9 (5.9) 18 could not assess

Modified Rey Complex Figure Copy (17) 15.9 (1.2) 10 **** could not assess

VOSP Spatial Location Task (10) 8.7 (2.5) 4 **** 6 ****

Digits Backward (Max. Span) 5.0 (1.2) 5 4*

Stroop Interference Task 50.0 (0.5) 35 ** could not assess

Modified Trail Making Test (120”) 31.2 (20) 120”/2 errors **** could not assess

Letter Fluency (D words) 17.0 (4.3) 11* could not assess

Values listed are mean (s.d.). In first column, numbers listed in parentheses = maximum attainable score possible. n/a = not available.

*
=-1.0<z<-1.5;

**
-1.5<z<-2.0;

***
-2.0<z<-2.5;

****
-2.5<z<-3.0.
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