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Abstract

Global aphasia without hemiparesis is a striking stroke syndrome involving language impairment
without the typically manifested contralateral hemiparesis, which is usually seen in patients with
global aphasia following large left perisylvian lesions. The objective of this study is to elucidate
the specific areas for lesion localization of global aphasia without hemiparesis by retrospectively
studying the brain magnetic resonance images of six patients with global aphasia without hemi-
paresis to define global aphasia without hemiparesis-related stroke lesions before overlapping the
images to visualize the most overlapped area. Talairach coordinates for the most overlapped areas
were converted to corresponding anatomical regions. Lesions where the images of more than
three patients overlapped were considered significant. The overlapped global aphasia without
hemiparesis related stroke lesions of six patients revealed that the significantly involved anatomi-
cal lesions were as follows: frontal lobe, sub-gyral, sub-lobar, extra-nuclear, corpus callosum, and
inferior frontal gyrus, while caudate, claustrum, middle frontal gyrus, limbic lobe, temporal lobe,
superior temporal gyrus, uncus, anterior cingulate, parahippocampal, amygdala, and subcallosal
gyrus were seen less significantly involved. This study is the first to demonstrate the heteroge-
neous anatomical involvement in global aphasia without hemiparesis by overlapping of the brain
magnetic resonance images.
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Introduction

Stroke is a major cause of adult disability (Wolfe, 2000).
Aphasia is a loss or impairment of verbal communication
occurring as a consequence of brain dysfunction (Sinanovic
et al., 2011), and has a heterogeneous phenomenon with
severity ranging from complete inability to produce and
understand language to mild word finding problems (van de
Sandt-Koenderman et al., 2012). Aphasia following stroke
is one of the most common and devastating manifestations
causing long term disability (Kang et al., 2010), and its pres-
ence can predict longer hospital stays, increased need of
rehabilitation therapy and lower chance of returning home
(Dickey et al., 2010; Gialanella et al., 2011), thus leading
to lower quality of life and participation in social activities
(Hilari, 2011). The incidence of aphasia is reported to be 18
to 38% of stroke population (Wade et al., 1986; Ferro et al.,
1999; Pedersen et al., 2004). Patients with aphasia following
stroke has a higher mortality risk (Ferro et al., 1999) and has
a tendency of rapid spontaneous recovery in the first months

(Laska et al., 2001). The percentage of patients with aphasia
decreases over time and the incidence is reduced to 20-25%
at 3 months post onset of stroke (van de Sandt-Koenderman
et al., 2012).

20-40% of post stroke aphasia has been reported to be the
global type (Kang et al., 2010), usually occurring after large
perisylvian lesions in the left middle cerebral artery territory
and is associated with contralateral hemiparesis due to prox-
imity of the language and motor control area in the cortex
(Pai et al., 2011).

Global aphasia without hemiparesis (GAWH) is a rare and
distinct phenomenon (Legatt et al., 1987). It has been re-
ported to involve receptive and expressive language impair-
ment, without manifestation of the typical hemiparesis in
patients with global aphasia following large left perisylvian
lesions (Hanlon et al., 1999), due to unusual dissociation of
the language from the motor functions.

The following studies addressed the topographic correlates
and the specificity of GAWH in the literature. Neuroana-
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tomical correlates of post-stroke aphasias were analyzed with
cerebral blood flow single photon emission tomography
(SPECT) scanning, and it was found that most extensive
damage was throughout the perisylvian region of the left
hemisphere in global aphasia, highlighting the integrative
role of some subcortical structures in language and speech
functions (Jodzio et al., 2003). Lesion analysis for the GAWH
using diffusion-weighted imaging (DWI) and SPECT images
identified the lesion sites in three groups of classical, single
and extra-sylvian lesions, suggesting the complex functional
anatomy of aphasia and that different lesion localization
would depend on the pathogenic mechanism (Bang et al.,
2004).

However, anatomical regions accounting for GAWH have
never been demonstrated by overlapping brain magnetic
resonance (MR) images in the literature. The purpose of this
study was to determine the neuroanatomical correlates of
GAWH by mapping of overlapped brain MR images.

Subjects and Methods

Subjects

Medical records of stroke patients with left hemisphere le-
sions from 2005 to 2011 without symptoms of hemiplegia
or hemiparesis were reviewed retrospectively. Patients who
undertook brain MR imaging (MRI) exam and speech eval-
uation within 14 days from stroke onset, which revealed left
hemisphere lesion and global aphasia according to the Ko-
rean version of Western Aphasia Battery (KWAB) test (Kim
and Na, 2004) were enrolled. Those with previous history of
stroke, bilateral hemisphere lesion, left handedness and pre-
morbid lingual or language problems were excluded. Severe
cognitive impairment affecting conversation in one patient
and lack of complete speech evaluation due to poor coop-
eration in two patients rendered exclusion of three of the
nine patients. Speech evaluation data and brain MR images
of the remaining six patients with GAWH were obtained
for analysis. The demographic data included the duration
from stroke onset to initial speech evaluation. The Western
Aphasia Battery (WAB), a routinely used evaluation tool for
language function with high internal consistency, test-retest
reliability and validity (Shewan and Kertesz, 1980), and dis-
cern the presence, type, and severity of aphasia (Shewan and
Kertesz, 1980). In the current study, the Korean version of
the WAB (KWAB; Kim and Na, 2004) was used to evaluate
fluency, comprehension, repetition, and naming. Classifica-
tion of aphasia type and overall severity of language impair-
ment expressed in aphasia quotients were recorded (Kang et
al., 2010). The T1 and FLAIR views of brain MR images were
reviewed thoroughly with reference to the official readings
by an expert neuroradiologist.

MRI and FLAIR imaging acquisition

MRI was conducted using a 3T Philips Achieva TX with
parameters as follows: acquisition matrix = 352 X 264, re-
constructed to matrix = 512 x 512, field of view = 182 x
230 mm?, repetition time = 11,000 ms, echo time = 125 ms,
parallel imaging reduction factor (SENSE factor) = 1, num-
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ber of excitations = 1, slice gap = 1, slice thickness = 5 mm,
number of slices = 25-27, and RC SENSE-NV-16 channel
coil. We obtained the fluid attenuated inversion recovery
(FLAIR) images (acquired voxel size = 0.5 X 0.5 X 1 mm’,
transverse orientation) for visualizing the lesion. Sixty-eight
axial images were collected for each subject, encompassing
the whole brain. DICOM files were acquired and spatially
normalized into reconstructed images of isotropic voxel
size of 2 X 2 X 2 mm’ using SPM8 implemented in Matlab
(Version7.8.0, The Mathworks Inc, Natick, MA, USA) as de-
scribed elsewhere (Marchina et al., 2011).

Lesion mapping

MRIcro software program (www.mricro.com, Columbia,
SC, USA) was adopted to manually define the outline of
the hyperintense lesions in the spatially normalized FLAIR
images with reference to the co-registered T1-weighted
images for additional guidance using Bamboo™ (Wacom,
Kazo-shi, Saitama, Japan) to increase precision (Kim et al.,
2013). Slice 34 of the 68 axial slices was set as the median
level and three additional levels both below and above the
median slice were selected for analysis, with a total of seven
slices separated by five slices. The regions of interest (ROI)
were drawn on the slices of 19, 24, 29, 34, 39, 44 and 49.
Six slices at the same level of each patient were overlaid on
each other to obtain the overlapped lesion onto the tem-
plate. Color coding was adopted to display the overlapped
areas with different colors according to the number of
overlapped ROIs (red = 6, yellow = 5, green = 4, blue = 3,
navy = 2, purple = 1) at each level for all of the selected
slices. Talairach space coordinates at the center of each
most overlapped region were gained using the MRIcro soft-
ware for identification of the exact anatomical region of the
most overlapped area. The coordinates gained were then
inputted to the Talairach-Client program (www.talairach.
org, San Antonio, TX, USA) for conversion of the coordi-
nates to the anatomical names at the marked coordinate as
well as anatomical structures within 5 mm or nearest gray
matter of the center of the ROI. Anatomical lesions were
considered significant when images overlapped in more
than three patients. The names of the anatomical regions
are listed in Table 1 in order of frequency of appearance.

Results

Clinical data of patients

The age of the six patients (five males, one female) at the time
of stroke ranged from 40 to 74 years, with mean of 57 years.
The duration from onset of the stroke to the initial speech
evaluation ranged from 8 to 14 days, with mean of 11.2 days.
The KWAB results of fluency, comprehension, repetition,
and naming are summarized in Table 2. Assessment results
showed that fluency ranged from 31% to 37%, comprehen-
sion from 25% to 59%, repetition from 25% to 75%, naming
from 29% to 49%, and aphasia quotient for overall severity
of aphasia from 29% to 49%. At follow up of speech evalua-
tion, global aphasia evolved to transcortical motor aphasia in
three patients, Wernicke aphasia in one patient, and complete
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Table 2 Demographic data and KWAB results

Patient Age (yr)

Duration (d) Fluency Comprehension Repetition Naming Aphasia quotient Stroke lesion

48 13 34% 58% 51%
2 74 10 37% 59% 42%
3 68 13 37% 37% 51%
4 66 8 31% 41% 49%
5 47 37% 25% 25%
6 40 14 37% 47% 75%

32% 41% Left thalamus, temporal lobe

42% 49% Left cerebral deep white matter

33% 41% Left basal ganglia, temporal lobe, insula
29% 36% Left frontal lobe, anterior insular

29% 29% Left temporal lobe

49% 47% Left middle cerebral artery superior

division territory

KWAB: Korean version of Western Aphasia Battery; yr: year; d: day.

Figure 1 FLAIR MRI of axial brain slices of six patients, showing distribution of all patient’s lesion area on a brain template.
Red empty circles indicate the most overlapped areas in each slice. Color-coding reflects the number of patients with local lesion overlaps (red = 6,
yellow = 5, green = 4, blue = 3, navy = 2, purple = 1).

recovery in one patient, while one patient was lost during
follow up. Brain MRI showed that the lesion sites in the left
hemisphere were frontal, temporal lobes, deep white matter,
thalamus, basal ganglia and insula. The size and extent of
the lesions varied; some patients had focal lesions, others
had large lesions, and some had cortical infarcts while deep

structures were affected in some patients. They were all acute
infarctions except for patient 6, whose MR finding suggested
subacute infarction.

Lesion location in the brain determined by imaging
The numbers of patients overlapping in slices 1, 2, 3, 4, 5,
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Table 1 Number of slices of each lesion

Number of slices on which

Lesion lesion appears

White matter
Frontal lobe
Sub-gyral

Sub-lobar
Extra-nuclear
Corpus callosum
Inferior frontal gyrus
Caudate

Claustrum

Middle frontal gyrus
Limbic lobe
Temporal lobe
Superior temporal gyrus
Uncus

Anterior cingulate
Parahippocampal
Amygdala
Subcallosal gyrus

— o e = = RN NN W WU TN O

6 and 7 were four, four, five, five, four, four and two, re-
spectively. In the seventh slice, only two patients’ images
overlapped and therefore were discarded from analysis. The
rendered Talairach space coordinates at the center of the
overlapped ROI were —32 X -2 X —14 in the first slice, —20 X
32 X —4,-20 X 24 X 6,-22 X 22 X 16,28 X 4 X 26 and -28
X —6 x 36 in the 2", 3", 4™, 5™ and 6™ slices, respectively.
Figure 1 shows the axial view of each level with open circle
indicating the region with the highest number of ROIs (more
than four overlaps). There is no open circle in the last slice
since only two ROIs overlapped. Sagittal view of the seven
levels at which the ROI analysis was performed is shown in
the first slice. The overlapped ROIs of six patients revealed
the involved areas as follows in order of frequency of ap-
pearance with number of patients for each overlapped ROI
in the brackets: frontal lobe (6), sub-gyral (6), sub-lobar
(5), extra-nuclear (5), corpus callosum (3), inferior frontal
gyrus (3), caudate (2), claustrum (2), middle frontal gyrus
(2), limbic lobe (2), temporal lobe (1), superior temporal
gyrus (1), uncus (1), anterior cingulated (1), parahippo-
campal (1), amygdala (1) and subcallosalgyrus (1) (Table 1).

Discussion
Stroke is the cause of aphasia in 80-90% of all aphasic pa-
tients (van de Sandt-Koenderman et al., 2012) and apha-
sia is a common consequence of left hemispheric lesions
(Sinanovic et al., 2011). Global aphasia typically results from
large presylvian lesions, also affecting adjacent motor area,
responsible for accompaniment of right hemiplegia and fa-
cial weakness in right handed patients (Damasio, 1992). The
absence of hemiparesis in GAWH syndrome suggests that
the cortical representation of motor and language function
may not always follow classic description.

The underlying pathogenic mechanisms of GAWH are not
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completely understood, but multiple etiologies including
embolic cerebral infarction, subarachnoid hemorrhage, ar-
terial atherosclerosis, brain tumors and dural arteriovenous
fistula have been previously reported as causes of GAWH in
the literature (Shindo et al., 2013; Togawa et al., 2014). Un-
derlying mechanism for GAWH has been recently studied
by transcranial magnetic stimulation (Shindo et al., 2013),
in which authors suggested sparing of the decussated pyra-
midal tract in cases of GAWH caused by cardioembolism. In
their description of stroke mimics, the so-called neuroimag-
ing-negative strokes (Artto et al., 2012; Zinkstok et al., 2013)
and its related language impairment, compared with the true
ischemic stroke, the authors reported a high proportion of
stroke mimic patients presenting with GAWH, as in several
others studies (Winkler et al., 2009; Chen et al., 2011; Guil-
lan et al., 2012). However, all of the six patients in our study
were neuroimaging-positive, suggesting that GAWH occurs
both in neuroimaging-negative and -positive stroke patients.

Diversity of anatomical regions associated with global
aphasia with hemiparesis has been documented, showing
heterogenous and variable lesion constellation responsible
for global aphasia with hemiparesis (Hanlon et al., 1999).
In a series of 46 patients with global aphasia, Scarpa et al.
(1987) reported only 53% had anterior-posterior lesion pro-
file while 32% of patients had deep lesion. Similarly, Vignolo
et al. (1986) found only 59% of their 37 patients with global
aphasia had large left perisylvian lesion, involving both Bro-
ca’s and Wernicke’s areas. Four (11%) involved deep lesions
of insula and lenticular nucleus, while 22% and 8% had
anterior and posterior lesions, respectively. Global language
impairment was also reported after left thalamic hemorrhage
(Kumar et al., 1996).

Van Horn and Hawes (1982) first described involvement
of two discrete ischemic lesions in the domnant hemisphere
in patients with GAWH, which was confirmed by Tranelet et
al. (1987) by demonstrating lesions in the anterior language
cortices or language-related subcortical area, and one in the
posterior language cortices. Hanlon et al. (1999) explored
whether a single or multiple lesions could cause GAWH,
demonstrating heterogenous lesion profile.

Ferro (1983) reported two cases with left middle cerebral
artery involving both Broca’s and Wernicke’s areas with
spared posterior limb of the internal capsule whereas other
studies reported various etiologies and lesions relating to
GAWH, stating that GAWH does not imply a single topo-
graphic correlate and etiology. Deleval et al. (1989) reported
only a single lesion of the posterior part of F2 and F3, sug-
gesting that functional disconnection of posterior language
area is responsible for GAWH. Location and size of brain
lesions between the global aphasia with hemiparesis group
and GAWH group were compared in an earlier report (von
Keyserlingk et al., 1997). The authors observed that the in-
farcted areas of patients with hemiparesis always extended to
the wall of the lateral ventricle, including the whole corona
radiata with the pyramidal tract, while parts of the deep
white matter were spared in the GAWH group. However,
subcortical lesions causing GAWH have been reported by
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Bang et al. (2004) who suggested functional reorganization
following earlier lesion of the motor pathway, such as corti-
cal plasticity in right hemispheric control of right limb mo-
tor functions, may have played a role in sparing of the motor
skills despite the likely involvement of the motor pathways.

In the current study, the frontal lobe, sub-gyral, white
matter, sub-lobar, extra-nuclear, corpus callosum and infe-
rior frontal gyrus were overlapped in more than three slices,
while caudate, claustrum, medial frontal gyrus, limbic lobe,
temporal lobe, superior temporal gyrus anterior cingulate,
parhippocampal gyrus, amygdale and subcallosal gyrus were
less significantly involved, demonstrating significant involve-
ment of deeper structures (Table 2). Naeser et al. (1989)
reported subcortical lesions involving the medial subcallosal
fasciculus and the middle third of the paraventricular white
matter, which contains the body of the caudate nucleus and
motor-sensory projections of the mouth involved in speech
production, affected spontaneous speech due to loss of
pathways for speech initiation, motor execution or sensory
feedback, and emphasized the essential role of white mat-
ter pathways for speech and comprehension by reporting
on patients with putamen and internal capsule infarction
with subcortical aphasia with anterior, posterior and supe-
rior white matter extension (Naeser and Palumbo, 1994).
Okuda et al. (1994) measured hypoperfusion in perisylvian
language areas with a SPECT scan, and suggested white
matter lesions in those areas were critical in development of
global subcortical aphasia (Okuda et al., 1994). By applying
diffusion tensor tractography in recent years, identification
of several white matter structures interconnecting cortical
language areas has been demonstrated (Smits et al., 2012).
The arcuate fasciculus connects the Broca’s area (a frontal
expressive language area) with the Wernicke’s area (a posteri-
or temporoparietal deceptive language area), and is the best
known language related white matter pathway (Smits et al.,
2012). Although we did not analyze the specific white matter
involvement, our observation of white matter involvement is
in agreement with those of previous studies (Naeser and Pa-
lumbo, 1994, Okuda et al., 1994, Smits et al., 2012). On the
contrary, Bates et al. (2003) revealed lesions in the insula and
arcuate/superior longitudinal fasciculus most affect speech
production, and lesions in the middle temporal gyrus most
affect speech comprehension, neither of which appeared in
our results (Table 1).

Hanlon et al. (1999) demonstrated composite lesion analy-
sis according to the three subtypes of GAWH based on acute
language profiles and evolvement of aphasia in the first 3
months after stroke (persistent, transcortical motor aphasia,
and Wernicke). In our study, the subtypes of speech at fol-
low up speech evaluations are transcortical motor aphasia in
three patients, Wernicke aphasia in one, complete recovery
in one and one was lost in follow up. Such results may raise
issue of misdiagnosed GAWH initially due to cognitive defi-
cit, apraxia, but complete exclusion of cognitive deficit when
not definitive is difficult in aphasic patients, and there is
always the possibility of actual recovery of the global aphasia
over the period in those with initial clinical manifestations

of GAWH.

However, because its relationship with lesion extent and
aphasia severity was not studied, further studies on this topic
are needed. Also, more extensive studies correlating the le-
sion mapping with the subtypes of aphasia based on aphasic
evolvement in few months, and as well as overlapping the
lesions according to the different types of GAWH with larger
number of cases would further specify the responsible or
most commonly involved anatomical region.

This study is the first to use the brain MR image over-
lapping technique to demonstrate the lesions involved in
global aphasia without hemiparesis. Our results identify the
involvement of heterogeneous structures in six acute GAWH
patients. Further studies with larger number of cases, to-
gether with exploration of the functional correlation specific
structures contributing to GAWH would enhance our un-
derstanding of GAWH.
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