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Primary progressive aphasia (PPA) is rare. Only limited series
have been reported with SPECT or PET. Moreover, in the ma-
jority of studies, the left-to-right asymmetry ratio was used,
leading to difficulties in right hemisphere analyzes. Methods:
Twenty-nine patients with clinical criteria of PPA (Mesulam and
Weintraub) were included and compared with 12 control sub-
jects. Complete language examination was performed in all
patients. SPECT was performed on a double-head gamma
camera after intravenous injection of hexamethylpropylene-
amine oxime (22 patients and 12 control subjects) or ethylcys-
teinate dimer (7 patients). Nineteen regions of interest (ROIs)
were drawn on each hemisphere in all patients using the Ta-
lairach atlas. The perfusion index (PI � cortex-to-cerebellum
ratio) was calculated for each ROI. Atrophy was quantified on
MRI by consensus of 3 observers in 16 cortical ROIs. ANOVAs
were used to compare the PI between (a) patients and control
subjects, (b) patients with (n � 15) or without (n � 14) lexicose-
mantic abnormalities (LS� vs. LS�) and patients with (n � 19)
or without (n � 10) arthric disorders (A� vs. A�), and (c) patients
with or without atrophy. Results: In the 29 patients, the PI was
significantly lower in the left temporopolar, left lateral temporal,
left Wernicke, left parietal, and right lateral temporal cortex
when compared with control subjects (P � 0.001). In LS�
patients versus control subjects, the PI significantly decreased
in the left temporal cortex (lateral temporal; medial temporal;
temporopolar; Wernicke), left Broca, left parietal, and right lat-
eral temporal cortex (P � 0.001). In addition, LS� versus LS�
comparison showed a significant decrease in the left lateral, left
medial temporal, and left Broca cortex (P � 0.001). In compar-
ison with control subjects, the PI was not significantly different
in A� patients, whereas in A� patients the PI was significantly
decreased in the left and right lateral temporal cortex, left Wer-
nicke, and left parietal cortex. Moreover, the PI significantly
decreased in the left lateral temporal region in A� patients

compared with A� patients. Finally, in patients without atrophy,
the PI significantly decreased in the right and left lateral tem-
poral cortex and the left parietal cortex (P � 0.01). Conclusion:
Our study demonstrates that right-handed patients with PPA
present a decreased perfusion in the bilateral temporal cortex.
Moreover, in these regions, morphologic abnormalities are pre-
ceded by perfusion abnormalities. Finally, our results show that
large left temporal dysfunction occurs in patients with LS dis-
orders.
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First described by Mesulam in 1982 (1), primary progres-
sive aphasia (PPA) corresponds to a syndrome characterized
by an isolated and progressive alteration of language not
associated with dementia (2). This language dysfunction
occurs in the absence of other abnormal cognitive functions
(memory, reasoning, judgment, visuospatial capabilities), or
behavioral abnormalities during a period of at least 2 y and
without systemic disorders or cerebral lesion. First symp-
toms begin by anomia, and some patients have developed
more severe fluent or nonfluent aphasia (3). Cerebral mor-
phologic and functional imaging, in fact, plays an important
role in the evaluation of PPA.

The role of morphologic cerebral imaging by tomoden-
sitometry (TDM) or MRI is first to eliminate a tissue or
vascular lesion, which could produce an acquired progres-
sive aphasia (4). Moreover, they may reveal asymmetric
focal atrophy in the dominant hemisphere (5). TDM is
considered less sensitive than MRI to show focal atrophy
(6). In the series of Westbury and Bub (7), including 112
patients with PPA, an important incidence of structural
abnormalities was reported, no matter what type of aphasia
was studied. In 104 MRI studies, 84% of unilateral or
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bilateral cortical abnormalities were observed. In 56%, a
cortical left hemispheric atrophy was observed, in particular
in the perisylvian region and in the temporal lobe. A left
frontal atrophy was observed in a few cases (n � 9) and a
parietal atrophy was observed in only 1 case. Among the 38
MRI studies with bilateral atrophy (43%), temporal (n � 6),
frontal (n � 6), and perisylvian (n � 4) involvement was
more frequent. In semantic dementia, atrophy predominates
in the pole and in the inferolateral part of the left temporal
lobe (3,8–11). In contrast, the hippocampus and parahip-
pocampal gyrus appeared normal at the onset of the illness
(12). A bilateral extension of atrophy has previously been
suggested (8,11,13). In the nonfluent PPA, a unilateral
(4,9,14–18) or bilateral (19–22) perisylvian or frontal atro-
phy has been demonstrated. Also, atrophy is sometimes
more diffuse in the left frontotemporoparietal cortex
(9,17,23,24). Isolated left temporal atrophy has rarely been
mentioned (4,17).

Functional cerebral imaging with PET or SPECT gener-
ally shows larger abnormalities than morphologic ones.

This phenomenon is explained by the deafferentation of the
region connected to the atrophic areas or by neuronal loss
not visible on morphologic imaging (4,6). Major parts of
functional imaging studies have been case reports or small
series ranging from 2 to 13 patients. These studies were
performed with 18F-FDG PET or with 99mTc-hexamethyl-
propyleneamine oxime (HMPAO) SPECT. They often
showed a decrease in metabolism or perfusion in the left
hemisphere, including temporal, frontal, or parietal lobes
and, more specifically, in the left Broca or Wernicke cortex.
Tyrrell et al. (9,19) have observed a decrease in metabolism
in the right hemisphere, but only in patients with long-
evolution duration (6 and 8 y). Right frontal abnormalities
have been observed in nonfluent aphasia (3,10,25). Right
temporal hypoperfusion has been observed by Sinnatamby
et al. (6) but only in 1 patient with PPA associated with a
visual agnosia. Recently, San Pedro et al. (26) reported a
right temporal hypoperfusion in 2 right-handed women with
long- evolution duration (7 y). These studies show that few
series exist regarding functional imaging in patients with

TABLE 1
Results of Neuropsychologic Tests and Grouping

Patient
no.

Lexicosemantic
Arthritic

BDAE02
(n � 72)

DES1
(n � 48)

DES2
(n � 27)

Verbal
Cat

(n � 220)

Visual
Cat

(n � 220)

Verbal
App

(n � 20)

Visual
App

(n � 20) LS�/LS�
BDAE08
(n � 14)

BDAE06
(n � 7)

Rep
(%) A�/A�

1 72 47 27 208 213 20 20 LS� 9 5 32 A�
2 72 48 27 212 206 18 19 LS� 9 6 12 A�
3 66 47 ND 206 202 18 19 LS� 7 4 47 A�
4 72 47 ND 208 198 19 19 LS� 8 6 12.5 A�
5 72 47 27 201 201 20 19 LS� 6 3 59.5 A�
6 70 48 27 211 207 19 18 LS� 2 3 84.6 A�
7 71 48 25 198 201 19 19 LS� 3 5 100 A�
8 71 48 27 194 181 18 19 LS� 8 4 54.5 A�
9 70 47 27 179 184 17 19 LS� 5 5 78.8 A�

10 69 47 ND 149 212 20 20 LS� 9 6 7.5 A�
11 71 48 22 187 187 16 18 LS� 12 7 0 A�
12 35 Imp Imp Imp Imp Imp Imp LS� 12 7 0 A�
13 69 47 ND 179 165 17 19 LS� Imp 7 0 A�
14 66 46 26 189 174 18 18 LS� 9 7 0 A�
15 65 46 27 192 202 18 19 LS� 12 7 0 A�
16 66 47 ND 192 190 16 18 LS� 10 7 0 A�
17 38 Imp Imp Imp Imp Imp Imp LS� Imp 7 0 A�
18 48 33 ND 152 187 13 13 LS� 11 7 0 A�
19 71 48 24 193 189 19 20 LS� 10 7 0 A�
20 48 Imp Imp 13 15 Imp Imp LS� 12 7 0 A�
21 38 22 14 105 144 11 9 LS� 14 7 0 A�
22 38 27 21 Imp Imp Imp Imp LS� Imp 7 0 A�
23 45 32 16 101 167 10 15 LS� 14 7 0 A�
24 69 48 27 205 202 20 18 LS� 13 7 0 A�
25 71 46 ND 209 205 19 19 LS� 14 7 0 A�
26 72 48 ND 204 208 20 20 LS� 14 7 0 A�
27 72 48 26 219 210 19 20 LS� 14 7 0 A�
28 71 48 27 207 208 20 19 LS� 14 7 0 A�
29 70 48 26 197 202 19 20 LS� 14 7 0 A�

ND � not done; Imp � impossible; BDAE � Boston Diagnostic Aphasia Examination; DES � Designation.
See text for description of neuropsychologic tests.
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PPA. They frequently correspond to case reports that did not
provide information in a homogeneous group of patients.

The aims of our study in patients with PPA was (a) to
evaluate the perfusion changes using SPECT imaging, (b) to
correlate SPECT and clinical symptoms, and (c) to compare
SPECT and morphologic imaging.

MATERIALS AND METHODS

Patients
Twenty-nine patients (13 F, 16 M; mean age � SD, 65.1 �

8.2 y) studied between 1992 and 1999 were included in the study.
All patients except 1 were right handed. The duration of the PPA
was 4.1 � 1.9 y. The educational level was beyond high school for
7 patients, below high school but above elementary school for 7,
and below elementary school for 15.

These patients had PPA defined according to Mesulam and
Weintraub criteria (2). All patients presented a progressive alter-
ation of language for �2 y without dementia (normal visual
memory and visuoconstructive capacity).

Performance on nonverbal intelligence tests was assessed by the
Raven’s Colored Progressive Matrices (PM47) and the visual
memory subtest of the Wechler Memory Scale (WMS) (immediate
reproduction of nonsignificant drawings). Accuracy of response
for both tests had to be in the range of normality. Moreover,
visuospatial relations had to be as follows: normal Rey Complex
Figure test in copy and standard mark for age � 7 y at the
Weschler Adult Intelligence Scale (WAIS) test. This threshold was
determined from previously published results.

Neurologic examination and cerebral imaging were performed
to exclude cerebral lesions. General examination and vitamin B12,
folic acid, and thyroid- stimulating hormone dosages were ob-
tained to exclude general pathology. For all patients, the delay
between neuropsychologic examination and cerebral imaging was
�6 mo.

Control Subjects
Patients were compared with 12 control subjects (8 women, 4

men; mean age � SD, 74.1 � 3.9 y) followed in the French
prospective Eugeria study (27) regarding neuropsychologic eval-
uation in the elderly. In these patients, the Mini Mental Score
Examination (MMSE) (28), a Computerized Cognitive Examina-
tion (29) repeated all years over 3 y, remained normal (MMSE �
29/30). Morphologic imaging (MRI or CT) was normal in 12
control subjects. The control subjects were significantly older than
the patients (74.3 � 4.2 y vs. 65.1 � 8.2 y; F � 13.97; P �
0.0006).

Language Examination
Two major parts of the language were explored: lexicosemantic

comprehension and arthric realization. Results of language exam-
ination and patient grouping are presented in Table 1.

Lexicosemantic Comprehension. Verbal comprehension of iso-
lated words (comprehension) was evaluated using 5 tests: the
verbal discrimination test of the Boston Diagnostic Aphasia Ex-
amination (BDAE) (test 2, score on 72), a multiple choice desig-
nation test with 3 images (Designation [DES1], score on 48), a
multiple choice designation test with 27 images (DES2, score on
27), a semantic category classification test on verbal and visual
modality (Cat, score on 220), and an association test on verbal and

visual modality derived from the Pyramids and Palm Trees para-
digm (App, score on 20). All of these tasks were based on the
Semantic Knowledge Battery.

The 29 patients were divided into 2 groups, according to exis-
tence (or not) of lexicosemantic disorders (LS� and LS�, respec-
tively). LS� patients were those who obtained marks inferior or
equal to the mean minus 2 SDs at the semantic category classifi-
cation test or at the verbal word pairment test. Patients 9–23 were
included in the LS� subgroup, and patients 1–8 and 24–29 were
in the LS� subgroup.

Arthric Disorders. Arthric realization was evaluated using 3
tests: articulation agility, arthric realization (BDAE tests 08 and
06, respectively), and repetition of 110 words. For this task, results
were expressed as the ratio (%) between phonetic errors and total
errors. For each word, a mistake was considered as phonetic when
it consisted of transforming the phoneme with simplification
(change without stopping between 2 phonemes) or of total deteri-
oration. Phoneme moves, accentuations, and elisions were not
considered as phonetic errors.

Patients were divided into 2 other groups according to existing
(or not) arthric disorders (A� and A�, respectively). Patients
1–10, included in the A� group, showed word repetition impair-
ment, regardless of the level of phonetic mistakes. Patients 11–29,
included in the A� group, made no phonetic error for the same
task.

FIGURE 1. Brain systematization. (A) Lateral side. (B) Medial
side. Broca � Broca region; Calc � calcarine region; CinA �
anterior cingulate region; EF � external frontal region; IF �
internal frontal region; Insul � insular region; LobQ � lobulus
quadrilatere; LT � lateral temporal region; MT � medial tempo-
ral region; Occ � occipital region; OF � orbitofrontal region;
P � parietal lobe; PreC � precentral region; PreF � prefrontal
region; SM � sensorimotor region; Tha � thalamus; TP �
temporal pole; W � Wernicke region.
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SPECT
SPECT was performed on all 29 patients and 12 control subjects

in a double-head gamma camera (DST; Sopha Medical Vision
International) equipped with ultra-high-resolution, parallel-hole
collimators. SPECT was performed 15 min after intravenous in-
jection of 1,000 MBq 99mTc-HMPAO (n � 22 patients and control
subjects) or 1 h after intravenous injection of 1,000 MBq 99mTc-
ethylcysteinate dimer (ECD) (n � 7 patients) under conditions of
low light and sound. The subject’s head was safely positioned in an
adjustable head folder. For each SPECT study, 64 angular views of
60 s each were obtained through a 360° circular orbit (64 angular
views by head). The data were recorded in a 128 � 128 matrix.
SPECT images were reconstructed from projection data using the
filtered backprojection algorithm with a 0.5 cutoff-frequency Hann
filter and a software zoom of 2 (matrix, 128 � 128 � 128; voxel
size, 1.7 � 1.7 � 1.7 mm). No attenuation correction was per-
formed. SPECT full width at half maximum at the center was 7.4
mm in air (gyration radius, 12.5 cm). The acquisition and recon-
struction parameters that were used have proven to be the best
adapted for standard brain SPECT studies in clinical practice in
our department (30).

Reconstructed brain slices were reoriented according to the
bicommissural line (anterior commissure–posterior commissure
[AC–PC]) with validated software. First, the AC–PC line was
defined on SPECT images from the linear regression of 4 internal

FIGURE 2. Percentage of PI decrease in 29 patients vs. 12
control subjects. (A) Right hemisphere. (B) Left hemisphere.

TABLE 2
Comparison of PI in Patients and Control Subjects

Region

Left Right

Patients
(n � 29)

Mean � SD

Control subjects
(n � 12)

Mean � SD F P

Patients
(n � 29)

Mean � SD

Control subjects
(n � 12)

Mean � SD F P

Temp
W 0.905 � 0.075 0.973 � 0.028 9.370 0.0040 0.967 � 0.057 0.972 � 0.023 0.077 0.7824
TP 0.776 � 0.052 0.812 � 0.031 5.096 0.0297 0.819 � 0.053 0.828 � 0.034 0.263 0.6110
LT 0.833 � 0.062 0.929 � 0.033 25.181 <0.0001 0.883 � 0.045 0.928 � 0.022 11.031 0.0020
MT 0.748 � 0.077 0.790 � 0.038 3.250 0.0792 0.776 � 0.068 0.789 � 0.036 0.426 0.5176

Front
Broc 0.856 � 0.058 0.888 � 0.030 3.335 0.0755 0.903 � 0.056 0.918 � 0.020 0.826 0.3691
Insul 0.869 � 0.051 0.861 � 0.049 0.240 0.6272 0.897 � 0.060 0.887 � 0.047 0.234 0.6315
PreC 0.858 � 0.061 0.883 � 0.049 1.586 0.2154 0.892 � 0.058 0.902 � 0.042 0.287 0.5951
PreF 0.844 � 0.065 0.859 � 0.037 0.565 0.4569 0.869 � 0.062 0.880 � 0.043 0.313 0.5792
EF 0.905 � 0.072 0.924 � 0.037 0.770 0.3856 0.942 � 0.062 0.957 � 0.026 0.693 0.4101
IF 0.887 � 0.068 0.918 � 0.042 2.181 0.1477 0.908 � 0.057 0.921 � 0.051 0.456 0.5033
OF 0.811 � 0.078 0.809 � 0.033 0.009 0.9256 0.828 � 0.062 0.825 � 0.036 0.023 0.8794
CinA 0.800 � 0.063 0.817 � 0.057 0.629 0.4326 0.814 � 0.057 0.816 � 0.044 0.005 0.9418
SM 0.852 � 0.059 0.876 � 0.033 1.678 0.2029 0.881 � 0.059 0.880 � 0.034 0.003 0.9550

Par
Par 0.880 � 0.062 0.940 � 0.025 10.147 0.0028 0.926 � 0.060 0.941 � 0.035 0.673 0.4170
LobQ 0.913 � 0.083 0.913 � 0.067 4.543 0.9831 0.920 � 0.080 0.904 � 0.060 0.393 0.5343

Occ
OcA 0.999 � 0.057 1.005 � 0.029 0.134 0.7167 1.009 � 0.052 1.001 � 0.030 0.254 0.6171
Calc 1.148 � 0.058 1.122 � 0.044 1.896 0.1764 1.151 � 0.062 1.112 � 0.044 3.933 0.0544

Tha 0.821 � 0.051 0.813 � 0.043 0.278 0.6012 0.825 � 0.050 0.828 � 0.045 0.036 0.8500

F � F test; Temp � temporal region; W � Wernicke region; TP � temporal pole; LT � lateral temporal region; MT � medial temporal
region; Front � frontal region; Broc � Broca region; Insul � insular region; PreC � precentral region; PreF � prefrontal region; EF � external
frontal region; IF � internal frontal region; OF � orbitofrontal region; CinA � anterior cingulate region; SM � sensorimotor region; Par �
parietal lobe; LobQ � lobulus quadrilatere; Occ � occipital region; OcA � occipital cortex; Calc � calcarine region; Tha � thalamus.

Bold values correspond to significant differences when a global test was performed.
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landmarks (frontal pole, inferior limit of the anterior corpus cal-
losum, subthalamic point, and occipital pole). Second, the SPECT
position of the AC and PC points on the AC–PC line were
automatically determined from measurements made on hard copies
of MR images of all patients. Finally, a proportional Talairach’s
grid was automatically drawn on each axial SPECT image. The
mean displacement between the estimated accuracy of the AC and
PC localization have been shown to be inferior to the pixel size and
represent a maximum error of �5 mm in the cortex localization.
Intra- and intercomparisons of the method have been reported (31).

Eighteen cortical region of interest (ROIs) and 1 thalamic ROI
were defined on each hemisphere, using stereotactic coordinates of
the Talairach and Tournoux atlas (32). Segmentation was per-
formed with the software previously described. The regions and
anatomic boundaries of the ROIs are presented in Figure 1.

For each ROIs, cerebral blood flow (CBF) was evaluated using
a perfusion index (PI) calculated as the cortex-to-cerebellum ratio.

MRI
Axial MRI slices were obtained using a 0.5- or 1.5-T MR

scanner. Each subject was positioned so that MRI axial slices were
parallel to the bicommissural line (AC–PC; 18 patients) or parallel
to the orbitomeatal line (9 patients), which was verified on a
midsagittal image. T1-weighted, 3-mm-thick axial slices were

obtained throughout the whole brain. Two patients underwent
TDM. The delay between SPECT and MRI was 3.5 � 8.6 mo.

For the 29 patients, atrophy was quantified on 16 cortical ROIs
of each cerebral hemisphere similar to those defined for SPECT
(except for the calcarine region). ROIs were drawn on the axial
slices by the same observer to improve reproducibility.

For each ROI, the atrophy was estimated on 1–3 axial slices by
3 observers, SPECT being blind. The atrophy was classified by the
observers in 5 grades: absence of atrophy, 0; doubtful, 1; slightly,
2; significant, 3; severe, 4. Discrepancies were resolved by con-
sensus. Finally, patients with grade 0 and grade 1 were grouped as
nonatrophic (Atrop�), and patients with grades 2–4 were grouped
as atrophic (Atrop�). MRI or TDM of the 12 control patients was
normal and included in a third group (group C).

Data Analysis
The mean � SD was used for descriptive statistics. For each

ROI, the PI was compared between male versus female and be-
tween ECD versus HMPAO. For each ROI, the PI was correlated
with age and duration of PPA evolution. Comparisons were per-
formed using an unpaired t test, and correlations were performed
using regression analysis. P � 0.01 was considered significant.
The Bonferroni post hoc test was performed for multiple tests
when necessary.

TABLE 3
Comparison of PI in Patients With (LS�) or Without (LS�) Lexicosemantic Disorders vs. Control Subjects

Region

Left Right

LS� (n � 15)
Mean � SD

LS� (n � 14)
Mean � SD

Control
subjects
(n � 12)

Mean � SD F P
LS� (n � 15)
Mean � SD

LS� (n � 14)
Mean � SD

Control
subjects
(n � 12)

Mean � SD F P

Temp
W 0.886* � 0.073 0.925 � 0.074 0.973 � 0.028 6.242 0.0045 0.967 � 0.065 0.967 � 0.050 0.972 � 0.023 0.038 0.9627
TP 0.755* � 0.049 0.797 � 0.047 0.812 � 0.031 6.248 0.0045 0.823 � 0.056 0.814 � 0.051 0.828 � 0.034 0.253 0.7781
LT 0.805*† � 0.062 0.864* � 0.049 0.929 � 0.033 20.435 <0.0001 0.885* � 0.045 0.881* � 0.046 0.928 � 0.022 5.436 0.0084
MT 0.717*† � 0.075 0.781 � 0.065 0.790 � 0.038 5.753 0.0066 0.779 � 0.065 0.772 � 0.074 0.789 � 0.036 0.249 0.7810

Front
Broc 0.833*† � 0.068 0.881 � 0.031 0.888 � 0.030 5.545 0.0077 0.897 � 0.069 0.909 � 0.039 0.918 � 0.020 0.621 0.5430
Insul 0.858 � 0.062 0.881 � 0.033 0.861 � 0.049 0.914 0.4095 0.898 � 0.078 0.896 � 0.033 0.887 � 0.047 0.120 0.8876
PreC 0.850 � 0.077 0.867 � 0.039 0.883 � 0.049 1.099 0.3436 0.893 � 0.074 0.891 � 0.037 0.902 � 0.042 0.145 0.8659
PreF 0.825 � 0.081 0.865 � 0.031 0.859 � 0.037 2.158 0.1295 0.859 � 0.081 0.880 � 0.031 0.880 � 0.043 0.566 0.5252
EF 0.884 � 0.088 0.927 � 0.043 0.924 � 0.037 2.157 0.1307 0.934 � 0.077 0.951 � 0.039 0.957 � 0.026 0.688 0.5087
IF 0.861 � 0.076 0.915 � 0.047 0.918 � 0.042 4.397 0.0191 0.900 � 0.069 0.916 � 0.042 0.921 � 0.051 0.538 0.5880
OF 0.791 � 0.103 0.834 � 0.028 0.809 � 0.033 1.495 0.2371 0.824 � 0.084 0.832 � 0.027 0.825 � 0.036 0.086 0.9173
CinA 0.797 � 0.076 0.804 � 0.047 0.817 � 0.057 0.352 0.7056 0.808 � 0.072 0.821 � 0.036 0.816 � 0.044 0.227 0.7982
SM 0.850 � 0.072 0.855 � 0.043 0.876 � 0.033 0.851 0.4352 0.881 � 0.075 0.881 � 0.037 0.880 � 0.034 0.002 0.9977

Par
Par 0.866* � 0.073 0.896 � 0.047 0.940 � 0.025 6.339 0.0042 0.925 � 0.075 0.926 � 0.042 0.941 � 0.035 0.332 0.7199
LobQ 0.904 � 0.092 0.922 � 0.074 0.913 � 0.067 0.190 0.8275 0.920 � 0.095 0.921 � 0.064 0.904 � 0.060 0.192 0.8262

Occ
OcA 0.985 � 0.057 1.014 � 0.055 1.005 � 0.029 1.282 0.2892 1.002 � 0.062 1.016 � 0.041 1.001 � 0.030 0.464 0.6321
Calc 1.133 � 0.054 1.163 � 0.061 1.122 � 0.044 2.057 0.1419 1.135 � 0.068 1.169 � 0.053 1.1120 � 0.044 3.342 0.0460

Tha 0.809 � 0.063 0.834 � 0.032 0.813 � 0.043 1.100 0.3433 0.819 � 0.058 0.832 � 0.039 0.828 � 0.045 0.296 0.7458

*P � 0.05 vs. control subjects.
†P � 0.05 vs. LS�.
F � F test.
See Table 2 legend for abbreviations of cerebral segmentation. Bold values correspond to significant differences when a global test was

performed.
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All comparisons were performed for each ROI using ANOVA.
First, the PI was compared between the 29 patients and the 12
control subjects. Second, the PI was compared between patients
with (n � 15) or without (n � 14) lexicosemantic disorders and
control subjects (n � 12) and between patients with (n � 10) or
without (n � 19) arthric disorders and control subjects (n � 12).
Third, the PI was compared between patients with (Atrop�) or
without atrophy (Atrop�) and control subjects (n � 12). P � 0.01
was considered significant. The Bonferroni post hoc test was
performed for multiple tests when necessary.

RESULTS

For the 29 patients, results of neuropsychologic tests were
23 � 4 for the MMSE, 113 � 11 for the PM47 (Raven’s
Progressive Matrix), 10 � 3 for the WAIS (cube), 34 � 2
for the Rey (copy), and 9 � 3 for the WMS. Neuropsycho-
logic tests were presented in Table 1.

The PI was not statistically different between men and
women, whatever the ROI studied. The PI was not signifi-
cantly different between patients studied with ECD or
HMPAO, whatever the ROI studied. For this reason, pa-
tients studied with HMPAO and with ECD were pooled in
the entire study. No correlation was found between the PI
and the evolution duration whatever the ROI studied.

Comparison of PI in Patients and Control Subjects
In comparison with control subjects, the PI was signifi-

cantly decreased in the left lateral temporal region, Wer-
nicke region, and parietal lobe and in the right lateral
temporal region (Table 2). These regions and their percent-
age of decrease in comparison with control subjects are
summarized in Figure 2.

Correlation Between SPECT and Neurologic Tests
We first compared the PI in patients with (LS�) and

without (LS�) lexicosemantic disorders. Results are pre-
sented in Table 3. In comparison with control subjects, the
PI were significantly decreased in LS� patients in the right
and left lateral temporal region, left temporopolar, left me-
dial temporal region, left Wernicke region, left Broca re-
gion, and left parietal lobe (Fig. 3). In comparison with
control subjects, the PI was significantly decreased in LS�
patients in the left and right lateral temporal cortex. A
decrease in the PI was observed in the left lateral and medial
temporal region and in the left Broca in patients with LS�
compared with those with LS�.

Second, we compared the PI in patients with (A�) and
without (A�) arthric disorders. Results are presented in
Table 4. In comparison with control subjects, the PI were
not significantly different in A� patients, whatever the ROI
studied. In A� patients, the PI significantly decreased in the
left and right lateral temporal region, left Wernicke, and left
parietal lobe. The PI significantly decreased in the left
lateral temporal region in A� patients compared with A�
patients.

Comparison Between SPECT and MRI
Among the 16 right and 16 left cortical ROIs studied,

only the left and right lateral temporal region, left tem-
poropolar region, left Wernicke region, and left parietal lobe
presented a significant difference between the groups At-
rop�, Atrop�, and control subjects (Table 5). In those 5
regions, age onset and evolution duration were not signifi-
cantly different between Atrop� and Atrop� groups.

In comparison with control subjects, the PI was signifi-
cantly decreased in the atrophic patients, in the left tem-
poropolar region, lateral temporal region, Wernicke region,
and parietal lobe. The PI was significantly decreased in the

FIGURE 3. Comparison of PI in patients with lexicosemantic
disorders and control subjects. (A) Right hemisphere, lateral and
medial side. (B) Left hemisphere, lateral and medial side.
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group of patients without atrophy, in the left and right lateral
temporal cortex and the left parietal lobe. The PI was
significantly decreased in the atrophic patients compared
with patients without atrophy, in the left temporopolar re-
gion, left lateral temporal region, and left parietal lobe.
Results are summarized in Figure 4.

DISCUSSION

We report, to our knowledge, the largest published series
of patients with PPA studied by SPECT. The principal
objective of this study was to compare regional perfusion in
this group of patients in comparison with control subjects.
The 2 other objectives were to correlate perfusion with
clinical disorders and to test the influence of atrophy on the
perfusion measurement. This study demonstrates that in
patients with PPA, perfusion is clearly altered in the left
temporoparietal cortex and also in the right temporal cortex,
perfusion is largely altered in patients with lexicosemantic
disorders, and perfusion abnormalities appear in patients
with no significant atrophy on MRI.

Twenty-nine patients with PPA were compared with 12
control subjects. Only patients with Mesulam and Wein-

traub criteria were included in the study (2). Dementia was
excluded with a specific neuropsychologic test (Table 1),
and structural abnormalities, such as tumor, were excluded
with an MRI or CT scan. The control group was selected
from the Eugeria study of cognitive aging (27).

Two commercially available tracers of perfusion were
used: HMPAO (22 patients and 12 control subjects) and
ECD (7 patients). These 2 tracers are chemical micro-
spheres, and their intracerebral uptake is correlated with
regional CBF measured by a reference method—that is, a
PET scan or the microsphere method. However, their intra-
cellular mechanism of uptake is different. Patterson et al.
(33) have shown a relative decrease in the PI on the poste-
rior cortex with HMPAO compared with ECD. For this
reason, patients were initially compared with regard to the
tracer used. No significant difference was observed between
the 2 tracers for all 38 ROIs—in particular, in the posterior
region, basal ganglia, or cerebellum. For this reason, all
patients were pooled in the study.

Cerebral systematization was determined regarding cere-
bral regions implicated in language. CBF was evaluated by
a PI. The normalization by the cerebellum activity was used

TABLE 4
Comparison of PI in Patients With (A�) or Without (A�) Arthritic Disorders vs. Control Subjects

Region

Left Right

A� (n � 10)
Mean � SD

A� (n � 19)
Mean � SD

Control
subjects
(n � 12)

Mean � SD F P
A� (n � 10)
Mean � SD

A� (n � 19)
Mean � SD

Control
subjects
(n � 12)

Mean � SD F P

Temp
W 0.936 � 0.069 0.888* � 0.074 0.973 � 0.028 6.880 0.0028 0.980 � 0.051 0.960 � 0.060 0.972 � 0.023 0.564 0.5735
TP 0.795 � 0.049 0.765 � 0.051 0.812 � 0.031 4.056 0.0253 0.820 � 0.025 0.818 � 0.064 0.828 � 0.034 0.132 0.8772
LT 0.885† � 0.034 0.806* � 0.057 0.929 � 0.033 28.293 <0.0001 0.895 � 0.034 0.877* � 0.049 0.928 � 0.022 6.263 0.0045
MT 0.788 � 0.082 0.727 � 0.067 0.790 � 0.038 4.821 0.0136 0.781 � 0.056 0.773 � 0.075 0.789 � 0.036 0.269 0.7657

Front
Broc 0.859 � 0.065 0.854 � 0.056 0.888 � 0.030 1.654 0.2047 0.894 � 0.040 0.908 � 0.064 0.918 � 0.020 0.670 0.5177
Insul 0.879 � 0.037 0.864 � 0.057 0.861 � 0.049 0.397 0.6753 0.895 � 0.028 0.898 � 0.072 0.887 � 0.047 0.122 0.8853
PreC 0.848 � 0.055 0.864 � 0.065 0.883 � 0.049 1.019 0.3707 0.874 � 0.041 0.901 � 0.064 0.902 � 0.042 0.980 0.3845
PreF 0.840 � 0.064 0.846 � 0.067 0.859 � 0.037 0.313 0.7329 0.857 � 0.051 0.875 � 0.068 0.880 � 0.043 0.483 0.6208
EF 0.891 � 0.084 0.912 � 0.067 0.924 � 0.037 0.733 0.4871 0.923 � 0.035 0.952 � 0.071 0.957 � 0.026 1.330 0.2765
IF 0.894 � 0.082 0.883 � 0.062 0.918 � 0.042 1.166 0.3225 0.903 � 0.058 0.911 � 0.059 0.921 � 0.051 0.282 0.7562
OF 0.811 � 0.048 0.812 � 0.091 0.809 � 0.033 0.005 0.9955 0.818 � 0.018 0.833 � 0.076 0.825 � 0.036 0.249 0.7809
CinA 0.808 � 0.053 0.796 � 0.068 0.817 � 0.057 0.436 0.6498 0.827 � 0.032 0.808 � 0.066 0.816 � 0.044 0.417 0.6619
SM 0.850 � 0.044 0.854 � 0.066 0.876 � 0.033 0.834 0.4423 0.881 � 0.038 0.881 � 0.068 0.880 � 0.034 0.002 0.9984

Par
Par 0.906 � 0.036 0.867* � 0.070 0.940 � 0.025 7.212 0.0022 0.936 � 0.050 0.920 � 0.066 0.941 � 0.035 0.613 0.5471
LobQ 0.932 � 0.068 0.903 � 0.090 0.913 � 0.067 0.457 0.6365 0.948 � 0.046 0.906 � 0.091 0.904 � 0.060 1.265 0.2939

Occ
OcA 1.032 � 0.039 0.981 � 0.058 1.005 � 0.029 3.932 0.0280 1.024 � 0.035 1.001 � 0.059 1.101 � 0.030 0.921 0.4066
Calc 1.149 � 0.057 1.147 � 0.061 1.122 � 0.044 0.929 0.4038 1.161 � 0.052 1.146 � 0.068 1.112 � 0.044 2.162 0.1290

Tha 0.825 � 0.042 0.819 � 0.057 0.813 � 0.043 0.176 0.8392 0.825 � 0.033 0.825 � 0.057 0.828 � 0.045 0.018 0.9824

*P � 0.05 vs. control subjects.
†P � 0.05 vs. A�.
F � F test.
See Table 2 legend for abbreviations of cerebral segmentation. Bold values correspond to significant differences when a global test was

performed.
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because no significant CBF abnormalities have been re-
ported in the cerebellum in patients with PPA. Moreover,
the PI was similarly calculated in the 12 control subjects,
allowing the comparison of patients and control subjects
without utilization of an asymmetry index.

Atrophy was evaluated by 3 observers blindly to SPECT,
a method that has been shown to be reproducible (6,34,35).
Among the 29 patients, atrophy was quantified from 0 to 4.
Regarding the small number of patients in the groups,
regions with scores of 0 and 1 were grouped (Atrop�) and
regions with scores of 2–4 were also grouped (Atrop�).
Because MRI was performed in different centers, digital
MRI was not available and SPECT–MRI registration was
not performed in the study.

The comparison of PI between patients and control sub-
jects showed that PIs were significantly decreased in the left
(�11%) and right (�5%) lateral temporal region, left Wer-
nicke region (�7%), and parietal lobe (�6%) (Fig. 2). This
result indicates that the left temporal and parietal cortex are
affected in PPA, which is an agreement with previous
studies (6,9,34,36) or case reports (8,10,25). By contrast,
only a small number of published cases showing a right
lateral temporal lesion are available. This may be explained
by the methodologic analysis. First, with a visual analysis it
is difficult to show a small decrease in perfusion (5% in our
study). Second, the majority of studies used the right and
left asymmetry ratio, which makes the analysis of perfusion
or metabolism in the right hemisphere difficult. Thus, our

analysis using both the cortex-to-cerebellum ratio and the
comparison with control patients clearly demonstrates the
bilateral temporal involvement in PPA.

Fluent-versus-nonfluent aphasia classification was not
used. This classification depends on the mean length of
sentences. Thompson et al. (37) have shown that patients
with nonfluent aphasia may produce sentences of normal
length. Therefore, we grouped our patients on the basis of
arthric and lexicosemantic performance criteria.

The comparison between patients with and without lexi-
cosemantic disorders showed that patients with lexicose-
mantic disorders (LS�) have a significant decrease in the PI
in the left temporal region (lateral temporal, medial tempo-
ral, temporopolar, Wernicke), left parietal lobe, left Broca
region, and the right lateral temporal region (Fig. 3). These
results demonstrate that lexicosemantic disorders corre-
spond to a large process, involving the bitemporal cortex,
left parietal lobe, and posteroinferior frontal cortex.

Patients without lexicosemantic disorders (LS�) have a
significant decrease in the PI in the right and left lateral
temporal region. This group (LS�) included patients with-
out arthric disorders, who may develop fluent aphasia. This
finding suggests that LS� and A� patients who did not
have lexicosemantic disorders already had a decrease in
CBF in the bitemporal cortex.

Patients with lexicosemantic disorders (LS�) have a sig-
nificant decrease in the PI in the left medial and lateral
temporal cortex in comparison with patients without lexi-

TABLE 5
Comparison of PI in Patients With (Atrop�) or Without (Atrop�) Atrophy vs. Control Subjects

Region

Left Right

Atrop� Atrop�
Control
subjects
(n � 12)

Mean � SD F P

Atrop� Atrop�
Control
subjects
(n � 12)

Mean � SD F PMean � SD n Mean � SD n Mean � SD n Mean � SD n

Temp
W 0.869* � 0.070 10 0.924 � 0.072 19 0.973 � 0.028 7.723 0.0015 0.990 � 0.057 2 0.965 � 0.058 27 0.972 � 0.023 0.264 0.7690
TP 0.755*† � 0.043 17 0.804 � 0.051 12 0.812 � 0.031 7.784 0.0015 0.815 � 0.034 11 0.821 � 0.063 18 0.828 � 0.034 0.174 0.8411
LT 0.808*† � 0.055 15 0.860* � 0.060 14 0.929 � 0.033 18.286 <0.0001 0.877 � 0.031 3 0.884 � 0.046 26 0.928 � 0.022 5.429 0.0084
MT 0.717 � 0.060 4 0.753 � 0.079 25 0.790 � 0.038 2.086 0.1382 — 0 0.776 � 0.068 29 0.789 � 0.036 0.426 0.5176

Front
Broc 0.838 � 0.105 5 0.860 � 0.046 24 0.888 � 0.030 2.011 0.1478 0.855 � 0.049 2 0.907 � 0.056 27 0.918 � 0.020 1.498 0.2365
Insul 0.861 � 0.056 7 0.872 � 0.050 22 0.861 � 0.049 0.228 0.7974 — 0 0.897 � 0.060 29 0.887 � 0.047 0.234 0.6315
PreC 0.839 � 0.043 7 0.865 � 0.065 22 0.883 � 0.049 1.328 0.2770 0.879 � 0.055 7 0.896 � 0.060 22 0.902 � 0.042 0.412 0.6654
PreF 0.813 � 0.056 12 0.866 � 0.063 17 0.859 � 0.037 3.589 0.0373 0.839 � 0.055 8 0.880 � 0.062 21 0.880 � 0.043 1.779 0.1826
EF 0.865 � 0.095 10 0.926 � 0.048 19 0.924 � 0.037 3.809 0.0311 0.903 � 0.055 6 0.952 � 0.060 23 0.957 � 0.026 2.482 0.0970
IF 0.807 � 0.076 3 0.896 � 0.062 26 0.918 � 0.042 4.427 0.0187 0.835 � 0.035 2 0.913 � 0.055 27 0.921 � 0.051 2.231 0.1213
OF — 0 0.811 � 0.078 29 0.809 � 0.033 0.009 0.9256 — 0 0.828 � 0.062 29 0.825 � 0.036 0.023 0.8794
CinA 0.770 1 0.801 � 0.064 28 0.817 � 0.057 0.430 0.6536 0.810 1 0.815 � 0.058 28 0.816 � 0.044 0.006 0.9939
SM 0.818 � 0.019 4 0.858 � 0.061 25 0.876 � 0.033 1.910 0.1620 0.910 1 0.880 � 0.060 28 0.880 � 0.034 0.153 0.8584

Par
Par 0.832*† � 0.085 6 0.893* � 0.050 23 0.940 � 0.025 9.316 0.0005 0.933 � 0.076 3 0.925 � 0.060 26 0.941 � 0.035 0.362 0.6986
LobQ 0.877 � 0.095 3 0.917 � 0.082 26 0.913 � 0.067 0.351 0.7064 0.850 1 0.923 � 0.081 28 0.904 � 0.060 0.648 0.5285

Occ
OcA 1.000 1 0.999 � 0.058 28 1.005 � 0.029 0.065 0.9367 1.020 1 1.009 � 0.053 28 1.001 � 0.030 0.152 0.8597

*P � 0.05 vs. control subjects.
†P � 0.05 vs. Atrop�.
F � F test.
See Table 2 legend for abbreviations of cerebral segmentation. Bold values correspond to significant differences when a global test was

performed.
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cosemantic disorders (LS�). These results show the impli-
cation of the left temporal cortex in patients with lexicose-
mantic disorders in the PPA.

The comparison of patients with (A�) or without (A�)
arthric disorders showed that no significant difference be-
tween arthric patients (A�) and control subjects was ob-
served. There was no tendency toward a decrease in the PI
in the left external frontal cortex (P � 0.24) or in the left
Broca region (P � 0.20). This result is in contrast with
previous studies (16,19) and is probably explained by the
large SDs of the PI in this small group of patients (n � 10).

This finding may be explained by the fact that our patients
probably had less severe disease than in other studies.

Patients without arthric disorders (A�) have a significant
decrease in the PI in the left lateral temporal cortex in
comparison with A� patients and control subjects. There-
fore, patients without arthric disorders (A�) are in the
majority of patients with lexicosemantic disorders (Table
1), who are generally described as having large left temporal
abnormalities (38).

In degenerative dementia, and particularly in lobar atro-
phy, the decrease in CBF is secondary to the decrease in
metabolism, which is secondary to a neuronal loss or deaf-
ferentation. The PI measured in our study is a composite
index showing all of these phenomena. For this reason, we
investigated the relative importance of atrophy in the de-
crease in the PI.

In this study, the PI was compared between atrophic
(Atrop�), nonatrophic (Atrop�), and control subjects (C).
The PI was significantly different in the 3 groups in 5
regions: right lateral temporal, left temporopolar, lateral
temporal, Wernicke, and parietal lobe (Table 5).

The determination of atrophy in the right lateral temporal
region allowed classification of only 3 patients with atro-
phy. Therefore, because of the small number of patients in
this group, a conclusion regarding comparison of patients
with and without atrophy and between patients with atrophy
and control subjects were not possible. However, compari-
son between patients without atrophy and control subjects
showed a 5% decrease in the PI in patients without atrophy.
These results demonstrate that without right cortical atrophy
on MRI, SPECT may show a decrease in the PI in patients
in comparison with control subjects. These results confirm
the ability of SPECT in PPA to show functional abnormal-
ities in the absence of morphologic abnormality.

In the left temporopolar region, comparison between non-
atrophic patients and control subjects did not show a sig-
nificant difference, suggesting that, without structural ab-
normalities, the PI is normal in this region. However, the PI
in the left temporopolar region significantly decreased in
atrophic patients in comparison with nonatrophic patients
(6%) and control subjects (7%).

In the left lateral temporal region, the PI significantly
decreased in atrophic patients in comparison with nonatro-
phic patients (8%) and in comparison with control subjects
(13%). Moreover, there is a hypoperfusion in nonatrophic
patients (7%) in comparison with control subjects. Results
obtained in the left parietal lobe show a significantly de-
crease in the PI in atrophic patients in comparison with
nonatrophic patients (7%) and in comparison with control
subjects (12%). Moreover, there is a hypoperfusion in non-
atrophic patients (5%) in comparison with control subjects
(5%). Therefore, in the left lateral temporal region and in
the parietal lobe, atrophy corresponded to a decrease in the
PI. Moreover, the decrease in the PI preceded structural
abnormalities.

FIGURE 4. Comparison of PI in patients with or without atro-
phy and control subjects. (A) Right hemisphere, atrophic and
nonatrophic groups. (B) Left hemisphere, atrophic and nonatro-
phic groups.
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In the left Wernicke cortex, comparison between nonatro-
phic and atrophic patients and between nonatrophic patients
and control subjects did not show a significant difference of
the PI. The decrease in the PI is about 5% for the 2
comparisons. Absence of a significant result is probably
explained by the SD in the Atrop� group (�0.08) and in the
Atrop� group (�0.07). However, the PI significantly de-
creased in the Atrop� group in comparison with control
subjects, which shows that, in this region, the PI decrease
seems to be related to atrophy.

CONCLUSION

Our study, using both SPECT and neuropsychologic data
collected from 29 patients, clearly demonstrates that the
bilateral temporal lateral lobes are involved in PPA. The
statistical analysis also suggests that the severity of lexi-
cosemantic disorders is strongly related to an extension of
the abnormalities in the left medial temporal cortex. Finally,
we observed that the decrease in perfusion measured by
SPECT precedes the atrophy measured with MRI in the
right lateral temporal cortex, left lateral temporal cortex,
and left parietal lobe.
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