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Purpose: This study was aimed to evaluate the brain metabolism in patients with
subcortical aphasia after intracerebral hemorrhage (ICH) and the relationship be-
tween the severity of aphasia and regional brain metabolism, by using statistical
mapping analysis of F-18 fluorodeoxyglucose positron emission tomography (F-
18 FDG PET) images. Materials and Methods: Sixteen right-handed Korean
speaking patients with subcortical aphasia following ICH were enrolled. All pa-
tients underwent Korean version of the Western Aphasia Battery and the brain
F-18 FDG PET study. Using statistical parametric mapping analysis, we compared
the brain metabolisms shown on F-18 FDG PET from 16 patients with subcortical
aphasia and 16 normal controls. In addition, we investigated the relationship between
regional brain metabolism and the severity of aphasia using covariance model. Re-
sults: Compared to the normal controls, subcortical aphasia after ICH showed dif-
fuse hypometabolism in the ipsilateral cerebrum (frontal, parietal, temporal, occip-
ital, putamen, thalamus) and in the contralateral cerebellum (P correcea<<0.001), and
showed diffuse hypermetabolism in the contralateral cerebrum (frontal, parietal,
temporal) and in the ipsilateral cerebellum (P rpr corecea<0.001). In the covariance
analysis, increase of aphasia quotient was significantly correlated with increased
brain metabolism in the both orbitofrontal cortices, the right hippocampal and the
right parahippocampal cortices (P uicorecea<0.01). Conclusion: Our findings suggest
that frontal, parietal, and temporal cortices, which are parts of neural network for
cognition, may have a supportive role for language performance in patients with
subcortical aphasia after ICH.

Key Words: Brain metabolism, subcortical aphasia after intracerebral hemor-
rhage, statistical mapping analysis

INTRODUCTION

The functions of subcortical structures in the dominant hemisphere for language
performance are still controversial. Nevertheless, several roles have been suggest-
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ed, including that the basal ganglia and thalamus are essen-
tial components of the brain networks involved in language
functions,' that the basal ganglia have functions also in mo-
tor processing, including articulation, and that the thalamus
plays a role in other language functions, including verbal
memory.’

The researches for language dysfunction in patients with
subcortical aphasia are complicated by conflicting results
due to symptomatic diversity. The reason for this diversity
is not only the heterogeneity, but also the functional com-
plexity of the subcortical structures. However, several mech-
anisms have been suggested to explain how such subcorti-
cal lesions can lead to aphasia: 1) a direct role in language
dysfunction,' 2) secondary cortical dysfunction caused by
diaschisis,® 3) cortical hypoperfusion induced by occlusion
of a large vessel combined with the subcortical infarction,*
or 4) compressive ischemia in surrounding cortices follow-
ing intracerebral hemorrhage (ICH).?

There are a few studies that have investigated the brain
metabolism in patients with subcortical aphasia after ICH
and have evaluated the association between the severity of
language impairment and related brain area, by using func-
tional neuroimaging methods. However, most of earlier stud-
ies?* dealt with a small number of patients with heteroge-
nous etiologies, including both subcortical infarction and
subcortical ICH, as the cause of their aphasia or analyzed
the brain metabolism with less quantitative methods, which
are relatively subjective, to correlate brain imaging with sub-
cortical aphasia.*%” In the present study, therefore, we per-
formed the statistical mapping analysis of brain metabolism
in patients with subcortical aphasia after ICH and to evalu-
ate the relationship between the severity of aphasia and re-
gional brain metabolism, by using statistical parametric
mapping (SPM) of brain F-18 fluorodeoxyglucose positron
emission tomography (F-18 FDG PET) and localization
with automated anatomic labeling.®

MATERIALS AND METHODS

Patients

Twenty-two patients with a newly diagnosed ICH in the
dominant hemisphere as detected by brain computed to-
mography (CT) or brain magnetic resonance imaging (MRI)
were consecutively recruited into this study. The inclusion
criteria were as follows: 1) subcortical aphasia following
ICH, without a history of previous cerebrovascular events,

2) no disorders of consciousness, and 3) the language eval-
uation and the brain F-18 FDG PET were successfully per-
formed. Among the 22 patients, 4 had no definite language
dysfunction and 2 demonstrated impaired consciousness.
Overall, 16 right-handed patients with left subcortical (bas-
al ganglia or thalamus) hemorrhage, who spoke Korean as
their first language, were enrolled in this study. For SPM
analysis, age-matched normal controls were recruited. All
normal controls and the subjects with subcortical aphasia
after ICH were strongly right-handed as indicated by the
Edinburgh Handedness inventory,” and who spoke Korean
as their first language. All subjects or their family members
gave informed consent, and all procedures were performed
with the approval of the Institutional Review Board for
Clinical Studies of our institution.

Evaluation of language function

Language function was evaluated by speech pathologists
with at least 3 years of experience in the field. All patients
underwent an aphasia evaluation using the Korean version
of the Western Aphasia Battery (K-WAB).!® The K-WAB
assessment is composed of four domains including sponta-
neous speech, comprehension, repetition, and naming. The
type of aphasia was defined by Kertesz’s classification,!
and the severity of aphasia was assessed by Aphasia Quo-
tients (AQ; range 0-100), which were calculated for each
patient by summating the score of the 4 domains.'? For com-
parisons of brain metabolism among patients with subcorti-
cal aphasia, we classified the type of aphasia into nonfluent
aphasia (Broca’s and global aphasia; 12 patients) and fluent
aphasia (Wernicke’s and transcortical aphasia; 4 patients)

Acquisition of F-18 FDG PET images

Measurement of brain metabolism using F-18 FDG PET
was performed in all normal controls and subcortical apha-
sic patients. All subjects were scanned using a GE Advance
PET scanner (GE, Milwaukee, WI, USA) with an intrinsic
resolution of 4.8 mm full width at half maximum and simul-
taneous imaging of 50 contiguous transverse planes with a
thickness of 3.3 mm for a longitudinal field of view of 14.5
cm. After fasting for at least 6 hours, subjects received 555
MBq of F-18 FDG intravenously.'* All subjects were in-
structed to rest comfortably for 30 minutes with their eyes
closed and ears unplugged in a quiet room, then acquisition
of emission image was performed during 15 minutes.’* An
8-minute transmission scan was performed using triple Ge-
68 rod sources to correct for attenuation. Gathered data were
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reconstructed in a 128x128x35 matrix with a pixel size of
1.95%1.95%4.25 mm by means of a filtered back-projection
algorithm employing a trans-axial 8.5 mm Hanning filter
and an 8.5 mm axial ramp filter."*

Statistical analysis of F-18 FDG-PET images

Spatial preprocessing and statistical analyses of PET imag-
es in all subjects were performed using SPM software
(SPM2, Institute of Neurology, University College London,
UK). The F-18 FDG PET templates for all subjects were
created by averaging all F-18 FDG PET images and spa-
tially normalizing with the Montreal Neurological Institute
(MNI, McGill University, CA, USA) standard F-18 FDG
PET template using a nonlinear transformation of SPM2."
Spatially normalized images were then smoothed by con-
volution using an isotropic Gaussian kernel with a 12-mm
full width half maximum to increase the signal-to-noise ra-
tio and to accommodate the variation in subtle anatomic
structures.'* The effects of global metabolism were removed
by normalizing the count of each voxel to the mean count
of the brain (proportional scaling in SPM).!

After spatial normalization, we performed two types of
statistical comparisons. First we compared the brain metab-
olism between the normal controls and all subcortical apha-
sic patients. Secondly, we compared the brain metabolism
between the nonfluent aphasia and the normal control and
between the fluent aphasia and the normal control. All com-
parisons of brain metabolism were performed on a voxel-

by-voxel basis using a two sample t-test. Statistical signifi-
cance was determined using an extent threshold of 50 voxels.
Correction for multiple comparisons was applied using
false discovery rate approaches and the corrected threshold
was set at p<0.001. Additionally, covariance analyses were
performed to identify regions in which an increase of the
aphasia quotient in the language performances scores was
correlated with increased changes in brain metabolism in
subcortical aphasic patients, using a single-subject covari-
ate model. Regions reaching an uncorrected p value of less
than 0.01 were considered significant.

We visualized the t-score statistics of the significant vox-
els on the 3D-rendered brain or a standard high-resolution
MRI template provided by SPM2 for anatomic identifica-
tion and labeled the anatomy of significant voxels, by using
the automated anatomic labeling SPM toolbox® provided
by the MNI.

RESULTS

The patients group consisted of 10 men and 6 women with
mean age of 52.4 years (range, 36-79 years), whereas the
normal control group consisted of 9 men and 7 women
with mean age of 50.2 years (range, 38-73 years). There
was no significant difference between the two groups with
respect to age, and gender (p>0.05).

Table 1 shows the general characteristics of the patients,

Table 1. General Characteristics of Patients with Subcortical Aphasia after Intracerebral Hemorrhage

No S Awom Leim  Dalomlumid Dusbnfom Eheton g A
1 M 56 Thalamus None 59 12 Global 6.8
2 M 64 Basal ganglia Not evaluated 228 16 Global 8.6
3 M 79 Basal ganglia None 121 18 Global 132
4 M 44 Thalamus None 33 12 Wernicke 88
5 F 57 Basal ganglia None 28 12 Global 26.8
6 M 45 Basal ganglia Not evaluated 119 12 Wernicke 76.8
7 M 41 Basal ganglia Not evaluated 83 12 Broca 63.2
8 F 58 Thalamus None 175 9 Global 54
9 M 46 Basal ganglia Not evaluated 246 18 Broca 73.8

10 M 36 Basal ganglia None 96 14 Broca 59.8
11 M 48 Basal ganglia None 122 12 Global 16.4
12 F 63 Basal ganglia Not evaluated 91 12 e 782
sensory
13 F 42 Basal ganglia None 32 12 Wernicke 44.6
14 M 49 Basal ganglia None 63 6 Global 42
15 F 61 Thalamus Not evaluated 50 12 Global 364
16 F 50 Basal ganglia Not evaluated 40 9 Global 36.6
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Fig. 1. The brain computed tomography or magnetic resonance images findings of all patients with subcortical aphasia after intracere-
bral hemorrhage.

including gender, age, lesion, pathology of carotid or intra-
cranial artery examined by angiography, duration from on-
set level of education, type of aphasia, and aphasia quotient
in the language function testing. The mean duration from
onset was 105 days and the mean aphasia quotient, which
reflects the severity of aphasia, was 39.9 at evaluation. Fig.
1 demonstrates the brain CT or MRI finding and Fig. 2
shows the brain F-18 FDG PET images of all patients.
Table 2, Fig. 3, and Fig. 4 demonstrate the differences in
the brain metabolism between the normal controls and all
aphasic patients. SPM analysis of F-18 FDG PET images
demonstrated that compared to the controls, a significant de-
crease in the brain metabolism in the patients was found in

the left superior frontal gyrus, the left middle frontal gyrus,
the left inferior parietal lobule, the middle temporal gyrus,
the left middle occipital gyrus, the left inferior occipital gy-
rus, the left thalamus, the left putamen, and the right cerebel-
lum (P rpr correcteca<0.001) (Table 2, Fig. 3). In contrast, the
right inferior frontal gyrus, the right supplementary motor
area, the right precentral gyrus, the right postcentral gyrus,
the right superior temporal gyrus, the right middle temporal
gyrus, the right inferior temporal gyrus, the right hippocam-
pus, the right rectal gyrus, and the left cerebellum demon-
strated a significant increase in the brain metabolism in all
patients compared to those of the controls (P mpr correcteca<0.001)
(Table 2, Fig. 4).
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13 14

15 16

Fig. 2. The brain F-18 fluorodeoxyglucose positron emission tomography images of all patients with subcortical aphasia after intracere-

bral hemorrhage.

Covariance analysis between the increase of the aphasia
quotient in each patient and increases of brain metabolism
in subcortical aphasic patients found a significant correla-
tion in the both orbitofrontal rectal gyri, the right hippo-
campal gyrus, and the right parahippocampal gyrus (P uicor-
rectecd<0.01) (Table 3; Fig. 5).

Table 4 demonstrates the difference in the brain metabo-
lism between the controls and the patients with nonfluent
aphasia. Compared to the controls, the brain metabolism in
the left middle frontal gyrus, the left thalamus, the left puta-
men, the left inferior parietal lobule, the left precentral gy-
rus, the left superior frontal gyrus, and the left middle tem-
poral gyrus was significantly decreased in the nonfluent

YONSEIMED J HTTP://WWW.EYMJ.ORG

aphasic patients. In contrast, the brain metabolism in the
right cerebellum, the right middle temporal gyrus, the right
postcentral gyrus, the right supplementary motor area, and
the left cerebellum was significantly increased in the non-
fluent aphasia (P rpr correcteca<0.001).

Table 5 demonstrates the difference in the brain metabo-
lism between the normal controls and the patients with flu-
ent subcortical aphasia. Compared with the controls, a signif-
icant decrease in the brain metabolism in the fluent aphasics
was founded in the left middle occipital gyrus, the left thal-
amus, the left angular gyrus, the left middle temporal gyrus,
the left cuneus, and the left putamen. In contrast, however,

the brain metabolism in the right supplementary motor
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Table 2. Brain Areas Demonstrating Differences in the Brain Metabolism in Patients with Subcortical Aphasia
after Intracerebral Hemorrhage Compared with the Normal Controls (P rr corrected<0.001, k=50)

Gzl g!ucose Side Area Coordinate t-value
metabolism X v z

Decreased Left Thalamus -12 -18 8 11.50
Left Middle frontal gyrus -28 20 58 11.27

Left Putamen -18 -5 8 9.74

Left Inferior parietal lobule -32 -76 50 8.80

Left Superior frontal gyrus -32 58 10 7.89

Left Middle temporal gyrus -50 -50 -10 7.44

Left Middle occipital gyrus -36 -84 32 7.17

Right Cerebellum 44 -66 -50 5.65

Left Inferior occipital gyrus -26 -102 -4 5.00

Increased Right Inferior temporal gyrus 58 -48 -34 8.86
Left Cerebellum -26 -50 -50 8.06

Right Middle temporal gyrus 32 12 -42 7.92

Right Supplementary motor area 8 -14 74 7.64

Right Precentral gyrus 15 -30 72 7.50

Right Rectal gyrus 12 30 -14 5.72

Right Hippocampal gyrus 28 -26 -2 5.32

Right Inferior frontal gyrus 64 24 14 4.71

Right Superior temporal gyrus 56 -32 28 4.66

Right Postcentral gyrus 72 -5 14 4.63

Fig. 3. Statistical parametric maps showing spatial distributions of signifi- Fig. 4. Statistical parametric maps showing spatial distributions of signifi-
cant decreases in cerebral glucose metabolism in patients with subcortical cantincreases in cerebral glucose metabolism in patients with subcortical
aphasia after intracerebral hemorrhage compared to controls. Displayed aphasia after intracerebral hemorrhage compared to controls. Displayed
voxels are significant at P ror corectea<0.001. voxels are significant at P g correctea<0.001.
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Table 3. Brain Areas Demonstrating Correlation between the Regional Brain Metabolism and the Severity of
Aphasia in Patients with Subcortical Aphasia after Intracerebral Hemorrhage (P uncorrected<0.01, k=50)

Coordinate

Side Area t-value
X y z
0 18 -18 Left Orbitofrontal rectus gyrus 3.61
0 18 -18 Right Orbitofrontal rectus gyrus 3.61
26 -16 =22 Right Hippocampal gyrus 3.14
20 -8 -28 Right Parahippocampal gyrus 2.76

Table 4. Brain Areas Demonstrating Differences in the Brain Metabolism in Patients with Nonfluent Subcortical
Aphasia after Intracerebral Hemorrhage Compared with the Normal Controls (P s correctes<0.001, k=50)

Cerrg(le)::tl) (,;gllil;cr?se Side Area B Coor;hnate . t-value
Decreased Left Middle frontal gyrus -32 12 60 12.91
Left Thalamus -8 -18 4 12.02

Left Putamen -18 -6 8 10.73

Left Inferior parietal lobule -34 -74 50 9.64

Left Precentral gyrus -44 4 30 8.56

Left Superior frontal gyrus -32 58 10 8.50

Left Precuneus -10 =72 54 8.04

Left Middle temporal gyrus -50 -50 -10 7.96

Increased Right Cerebellum 58 -50 -34 10.83
Right Middle temporal gyrus 35 14 -38 9.81

Right Postcentral gyrus 14 -34 72 8.77

Right Supplementary motor area 8 -16 74 8.17

Left Cerebellum -26 -50 -48 7.45

Lh =

LY -

Fig. 5. Statistical parametric maps showing correlations of increased aphasia quotients of language performance with increased
changes in regional cerebral glucose metabolism in subcortical aphasia after intracerebral hemorrahge. Displayed voxels are signifi-

cant at P uncorected<0.01. R, right; L, left.
area, the right precentral gyrus, the left cerebellum, the right
insular, the right hippocampal gyrus, the right inferior tem-
poral gyrus, the right thalamus, the right superior parietal
gyrus, the right inferior frontal gyrus, and the right inferior
temporal gyrus was significantly decreased in the fluent
aphasia (P rpr correcteca<0.001).

DISCUSSION

The current study suggest that brain metabolism in patients
with subcortical aphasia after ICH is significantly related to

diffuse hypometabolism in the ipsilateral frontal, parietal,
temporal, and occipital cortices with contralateral cerebellar
hypometabolism and is also significantly associated with
hypermetabolism in the contralateral frontal, parietal, tem-
poral, and occipital cortices with ipsilateral cerebellar hy-
permetabolism. In addition, the severity of language im-
pairment is significantly correlated with brain metabolism
in the orbitofrontal and the medial temporal cortices. Partic-
ularly, the nonfluent aphasia revealed decreased brain me-
tabolism in the left frontoparietal area and the fluent aphasia
revealed decreased brain metabolism in the left parietotem-
porooccipital area.
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Aphasia after Intracerebral Hemorrhage Compared with the Normal Controls (P ror correctea<0.001, K=50)

Cerebral glucose

Coordinate

metabolism Side Area B ’ . t-value
Decreased Left Middle occipital gyrus -30 -82 38 12.97
Left Thalamus -18 -12 12 12.21

Left Angular gyrus -44 -55 -28 10.99

Left Middle temporal gyrus -50 -58 20 10.92

Left Cuneus -10 -68 24 7.14

Left Putamen -25 -14 -4 6.35

Increased Right Supplementary motor area 14 -4 64 9.13
Right Precentral gyrus 22 -24 58 8.45

Left Cerebellum -12 -54 -28 8.28

Right Insular 28 -12 16 7.58

Right Hippocampal gyrus 35 -20 -12 7.22

Right Inferior temporal gyrus 60 -32 -28 6.96

Right Thalamus 24 -20 5 6.94

Right Superior parietal gyrus 30 -52 52 6.65

Right Inferior frontal gyrus 28 32 -30 6.39

Right Inferior temporal gyrus 54 -10 -42 6.13

Disorders of fluency and comprehension in poststroke
aphasia are generally caused by anterior frontal-subcortical
lesions and posterior temporal-subcortical lesions, respec-
tively.”® Cappa, et al.® suggested that aphasic patients who
have heterogeneous vascular changes and varied lesions re-
veal the asymmetric hypometabolism in the left frontal, pa-
rietal, temporal and occipital cortices, and demonstrated a
persistent hypometabolic state in the left thalamus and bas-
al ganglia on PET evaluations. In the present study, our pa-
tients also demonstrated diffusely decreased brain metabo-
lism in the frontal, parietal, temporal, and occipital cortices
with subcortical structures (thalamus and putamen) in the
left hemisphere. These results indicate that diffuse hypome-
tabolism in the ipsilateral cerebral area and subcortical
structures, which are perilesional areas around the hemor-
rhage, may be associated with language dysfunction rather
than with direct damage to the left inferior frontal cortex
(Broca’s area) and the left superior temporal cortex (Wer-
nicke’s area).

Many functional neuroimaging studies have demonstrat-
ed overactivation in the right hemisphere during language
recovery following stroke,*!®!” particularly in the right infe-
rior frontal gyrus and the right superior temporal gyrus
which are homotopic regions of Broca’s and Wernicke’s ar-
eas, respectively.’*!? The current study also revealed a dif-
fusely increased brain metabolism in the right hemisphere,
including the right inferior frontal gyrus and the superior
temporal gyrus. Even though whether the role of an activat-

ed right hemisphere, is adaptive®? or maladaptive,'® has not
been clarified an overactivation in the right hemisphere has
been suggested to reflect the compensatory neural network
responsible for recovery from aphasia,'” such as the right
inferior frontal cortex contributing to verbal fluency’ and
the right superior temporal gyrus controlling speech com-
prehension.?! Furthermore, the activation of the right frontal
cortex in poststroke aphasia, such as the inferior frontal and
supplementary motor areas, may partly be explained by the
increased executive function in language performance.? In-
creased brain metabolism in the right temporal cortex, es-
pecially in the anterior lobe and hippocampus, may be in-
terpreted as being related to the compensatory involvement
of cognitive processing including memory.* However, over-
activation in the right inferior frontal area in poststroke
aphasia may start at 12 days and tend to decline and nor-
malize by 10 months. The mean duration from the onset in
our patients was 105 days (from 32 days to 246 days), which
could weaken the statistical significance of activation in the
right inferior frontal gyrus because the patients were in the
process of normalization.

The WAB is one of the common standardized methods
used for examination of aphasia in English-speaking coun-
tries. The aphasia quotient in the WAB is also widely ap-
plied for investigating the severity of aphasia in various
neurological conditions.?* The K-WAB test has been vali-
dated previously study'® using the aphasia quotient in the
K-WAB to examine the severity of subcortical aphasia.” In
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the current study, we performed covariance analysis be-
tween increases in language performance, as measured by
the aphasia quotient from the K-WAB, and regions of in-
creased brain metabolism in subcortical aphasia after ICH.
Our findings demonstrated that the orbitofrontal rectal gyri
and the right medial temporal cortex (hippocampus and
parahippocampus) are correlated significantly with the
aphasia quotient, reflecting language performance. The
function of the orbitofrontal rectal gyrus has been linked to
both attention and memory processing,?® and the medial
temporal cortex has been associated with attention, learn-
ing, and memory.”’** Our present findings suggest that lan-
guage performance in subcortical aphasia after ICH may be
associated with cognitive functions in agreement with the
findings of Crosson.” On the other hand, however, de Bois-
sezon, et al.? previously reported that language performance
is correlated significantly with increased brain metabolism
in both temporal cortices and the right cerebellum. Discrep-
ancies between the Boissezon study and the current study
are likely due to small number of enrolled subjects (7 pa-
tients), shorter duration from onset, and heterogeneous eti-
ologies in the Boissezon study.

In the present study, we compared brain metabolism be-
tween controls and two groups of patients (nonfluent and
fluent aphasia). SPM analysis revealed that nonfluent apha-
sic patients showed decreased brain metabolism in the fron-
toparietal area, whereas fluent aphasic patients revealed de-
creased brain metabolism in the parietotemporooccipital
area. These finding suggest that all types of subcortical
aphasia may have injury in the parietal area. However, the
direction of ICH expansion may a factor to determine the
type of aphasia irrespective of lesion site.

Several limitations of the current study should be consid-
ered. First, small lesions from ICH often produce no deficits
on standard aphasia tests, however large lesions, involved in
the capsulostriatal area varied significantly in language defi-
cits.*® Also, the extent of ICH usually can depend on the
volume of hemorrhage. However, we could not measure
initial volume of hemorrhage, because a significant fraction
of enrolled patients were transferred from other hospitals
and sufficient information on the initial hemorrhagic vol-
ume was not available. Further studies on the correlation
between changes in the brain metabolism and the extent of
initial hemorrhage should be carried out for validation. Sec-
ond, we could not investigate the pathology of carotid or
other intracranial artery of 16 patients, by angiography.
Even though there has been no previous study on the coex-

isting cerebral ischemia in patients with hemorrhagic stroke,
accompanied atherosclerotic change of major cerebral ar-
tery can alter the brain metabolism that we did not reflect in
our patients. Future studies are need on the pathology of ca-
rotid or intracranial artery in patients. Additionally, future
study to compare the brain metabolism between subcortical
aphasic patients after ICH and patients with subcortical
hemorrhage without aphasia as a control group is expected
to provide an information about regional brain involvement
in language impairment in subcortical aphasia after [CH.

Our present findings suggest that frontal, parietal, and
temporal cortices, which are part of the neural network re-
sponsible for cognition, such as attention, learning, and
memory, may have supportive roles in language performance
in subcortical aphasia after ICH. In addition, our results re-
main to be only a pilot study until they confirmed by fur-
ther studies including patients without aphasia after subcor-
tical ICH as a control group.
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