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Although aphasia and hemispatial neglect are classically labeled as cortical deficits, lan-
guage deficits or hemispatial neglect following lesions to subcortical regions have been
reported in many studies. However, whether or not aphasia and hemispatial neglect can
be caused by subcortical lesions alone has been a matter of controversy. It has been previ-
ously shown that most cases of aphasia or hemispatial neglect due to acute non-thalamic
subcortical infarcts can be accounted for by concurrent cortical hypoperfusion due to arte-
rial stenosis or occlusion, reversible by restoring blood flow to the cortex. In this study,
we evaluated whether aphasia or neglect occur after acute thalamic infarct without cortical
hypoperfusion due to arterial stenosis or occlusion. Twenty patients with isolated acute
thalamic infarcts (10 right and 10 left) underwent MRI scanning and detailed cognitive test-
ing. Results revealed that 5/10 patients with left thalamic infarcts had aphasia and only 1
had cortical hypoperfusion, whereas 2/10 patients with right thalamic infarcts had hemis-
patial neglect and both had cortical hypoperfusion.These findings indicate that aphasia was
observed in some cases of isolated left thalamic infarcts without cortical hypoerfusion due
to arterial stenosis or occlusion (measured with time-to-peak delays), but neglect occurred
after isolated right thalamic infarcts only when there was cortical hypoperfusion due to
arterial stenosis or occlusion. Therefore, neglect after acute right thalamic infarct should
trigger evaluation for cortical hypoperfusion that might improve with restoration of blood
flow. Further investigation in a larger group of patients and with other imaging modalities
is warranted to confirm these findings.

Keywords: acute thalamic stroke, aphasia, neglect, cortical hypoperfusion, diaschisis

INTRODUCTION
The role of subcortical structures in cognitive processing remains
somewhat elusive. Over the last decades, the advent of functional
imaging has led to a better understanding of the role of subcor-
tical structures in cognitive processing. The thalamus has been of
particular interest to researchers given that it projects to all areas
of the neocortex including those areas in the frontal, temporal,
and parietal regions that are commonly associated with language
and cognition. Many functional imaging studies of language reveal
thalamic participation in a variety of tasks and processes (1–10).

A recent study reviewed the role of the thalamus in 50 func-
tional imaging studies of language tasks (11). The author found
that thalamic activation was most commonly associated with gen-
eration tasks and naming; and the thalamic activation was seen
bilaterally, left greater than right, along with activation in frontal
and temporal cortical regions. Left parietal activation was seen in
few studies. The peaks of activation loci were seen in all thalamic
nuclei, with a bias toward left-sided and midline activation. The
results of this literature review suggest that the thalamus may play
a role in processes that involve the manipulation of lexical infor-
mation, and that thalamic activation may be modulated by the

difficulty of task demands. Similar results are reported in the clin-
ical literature. Aphasia after left thalamic damage has also reported
in numerous studies (4, 12–22). Further, language and cognitive
deficits caused by stereotactic surgery (e.g., thalamotomy) or elec-
tric stimulation of the thalamus provided additional information
about the role of specific thalamic nuclei in language and cognitive
processes underlying language tasks (23–26).

In contrast to the large corpus of evidence that suggests involve-
ment of the thalamus in language functions, the role of the thala-
mus in visuo-spatial processing, attention, and perception appears
more obscure (27–34). A recent meta-analysis review explored the
cognitive, affective, and behavioral disturbances following vascu-
lar thalamic lesions (35). The authors reviewed a study corpus of
465 patients with vascular thalamic lesions published in the lit-
erature since 1980 and found that 42 out of 465 (9%) cases had
isolated thalamic lesions. Most of the cases reported pertained to
language deficits after left thalamic lesion. Of patients with iso-
lated thalamic lesions who were tested, 38.5% were impaired in
spatial attention, 43.8% were impaired in comprehension, and
72.2% were impaired in naming. This review clearly highlights
the importance of thalamus in higher-order behavioral functions;
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however, the mechanism that accounts for aphasia and neglect
after thalamic lesion is still debated.

Several hypotheses have been advanced to explain the role of
the thalamus in higher-order behavior (36). Nadeau and Crosson
described five potential mechanisms associated with lesions of
the thalamus: (1) direct impact of the thalamic lesion indicating
that the thalamus is a crucial component of the cerebral network
underlying neurocognitive processing; (2) diaschisis, or functional
depression of regional neuronal metabolism and cerebral blood
flow in anatomically connected cortical regions following dys-
function of the lesioned thalamus; (3) occlusion or stenosis of
large cerebral vessels independently causing a thalamic stroke and
hypoperfusion of the cortex; (4) cortical infarcts not detected by
imaging; or (5) impaired “release” of language segments formu-
lated by cortical regions into output. A sixth potential mechanism
is indicated by animal studies showing alterations in cortical
excitability in areas distant to the infarct that may be mediated by
NMDA-dependent processes, spreading depression, or inflamma-
tion (37), rather than only anatomical disconnection. Diminished
neuronal activity in an area remote to the infarct is the broadest
meaning of “diaschisis.” Although the original concept proposed
by Von Monakow (38) required an anatomical disconnection, the
concept has developed recently to include a number of differ-
ent forms of diaschisis, only some of which involve structural
disconnection [see in Ref. (39) for review].

Baron and colleagues provided early evidence that deficits seen
after thalamic lesion are secondary to cortical dysfunction due
to diaschisis (40). They reported that, in patients with thalamic
lesions, the magnitude of cognitive impairment was positively
correlated with the degree of ipsilateral cortical hypometabolism
demonstrated by PET [see also in Ref. (22)]. In previous stud-
ies, Baron and colleagues (41) also demonstrated that suppressed
synaptic activity associated with reduction in metabolic demand in
areas of diaschisis results in a reduction in cerebral blood flow. This
spared neurovascular coupling in diaschisis was demonstrated by
evaluating cerebral blood flow in regions of reduced glucose and
oxygen metabolism. Since then, many others have demonstrated
aphasia or neglect after thalamic lesions associated with cortical
dysfunction attributable to diaschisis (35). In these cases, cortical
dysfunction is demonstrated by measuring cortical metabolism
or regional cerebral blood flow. Another study demonstrated a
strong association between lesions in the right superior longitudi-
nal fasciculus (SLF II) and left spatial neglect in a group study, and
showed that right thalamic stroke was associated with chronic left
neglect only when SLF II was damaged (42). This study provided
evidence for the importance of thalamocortical connections (par-
ticularly to frontoparietal cortex) in the pathogenesis of chronic
neglect.

However, some cases of aphasia or hemispatial neglect due to
acute subcortical infarcts the associated cortical hypoperfusion
cannot be attributed to diaschisis. Rather, the concurrent cor-
tical hypoperfusion has been attributed to vascular stenosis or
occlusion and seems to be responsible for the aphasia or neglect
accounted in these cases (43, 44). In the one study, subcortical
infarctions with aphasia and neglect were consistently associated
with cortical hypoperfusion (in the middle cerebral artery terri-
tory), and reversal of the cortical hypoperfusion by restoring blood

flow was associated with immediate resolution of their cortical
deficits. Because reperfusion of the cortex, with the persistence
of the subcortical infarct, would not have altered diaschisis or
other potential mechanisms, the aphasia that resolved must have
been due to hypofused, dysfunctional tissue that recovered func-
tion with reperfusion (44). Tissue that is receiving enough blood
to survive but not enough to function, and recovers function by
restoring blood flow, is the original meaning of “penumbra” (45).
Penumbra has more recently come to mean tissue that will progress
to infarct if blood flow is not restored [see in Ref. (46), this issue].
Therefore, at least some cases of aphasia due to subcortical infarcts
are due to “penumbra” as originally defined – what we will refer to
as “hypoperfusion due to arterial stenosis or occlusion”).

The cortical hypoperfusion associated with subcortical apha-
sia and neglect in the study by Hillis and colleagues (44) did not
reflect diaschisis, for two reasons. First, cortical hypoperfusion
was measured with dynamic contrast perfusion-weighted imaging
(PWI) time-to-peak (TTP) maps, using a threshold of >2.5 s delay
(although all had areas of cortical hypoperfusion with >4 s delay
as well). While hypoperfusion due to diaschisis can occasionally
be visualized (e.g., in cases of crossed cerebellar diaschisis due to
large hemispheric strokes), the average delay in areas of diaschisis
is 2 s or less, and does not correlate with measures of diaschisis
obtained with PET (47, 48). Secondly, as noted, both the deficits
and the hypoperfusion were reversed immediately with restored
blood flow to the cortex (via stenting, urgent endarterectomy, or
blood pressure elevation). Reperfusion did not alter the infarct;
nor would it have altered diaschisis caused by the infarct.

It seems clear that thalamic lesions can cause aphasia or neglect
by diaschisis. It is less clear how often aphasia or neglect after thala-
mic stroke is due cortical hypoperfusion caused by cortical stenosis
or occlusion. The cases of reperfusion in the Hillis et al. study (44)
described above included no thalamic lesions, so that study did
not shed light on whether thalamic aphasia or neglect signals the
presence of cortical hypoperfusion requiring restoration of blood
flow. One reason that an answer to this question would be clinically
useful is that it could be helpful in guiding acute intervention. For
example, if the cognitive sequelae are frequently caused by cortical
hypoperfusion due to stenosis or occlusion (the original meaning
of penumbra), then acute intervention should focus on identify-
ing marginally perfused tissue and restoring blood flow to improve
function.

We hypothesized that some cases of thalamic infarction cause
aphasia or neglect (directly or due to diaschisis) and other cases
of thalamic infarction are associated with cortical hypoperfusion
due to large vessel stenosis or occlusion that causes the aphasia or
neglect. In the latter cases, cortical hypoperfusion can be due to
a single plaque in the posterior cerebral artery (PCA) that both
causes the infarct (by occluding a small branch to the thalamus)
and causes cortical hypoperfusion of the larger PCA cortical terri-
tory. It is both scientifically and clinically important to determine
if both of these mechanisms lead to thalamic aphasia or neglect.
From a cognitive neuroscience standpoint, it is important to deter-
mine the role of the thalamus in language and spatial processing.
From a clinical standpoint, it is important to determine whether
aphasia or neglect in cases of thalamic stroke indicate the pres-
ence of hypoperfused tissue due to arterial stenosis or occlusion,
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such that function might be restored by reperfusion. Often perfu-
sion imaging is not available, so that neurologists depend on the
concept of a “diffusion-clinical mismatch” to guide urgent clini-
cal decisions (49). That is, if a small stroke on diffusion-weighted
imaging (DWI) cannot account for the clinical deficit, the patient
is assumed to have marginally perfused tissue that accounts for
the deficits, and would benefit from reperfusion. It is not clear
whether or not a thalamic stroke on DWI, with aphasia or neglect
represents a“diffusion-clinical mismatch.” In the current study, we
determined the extent to which aphasia and hemispatial neglect
with infarcts restricted to the thalamus could be accounted for by
concurrent cortical hypoperfusion by studying patients with acute
stroke with DWI and PWI TTP maps (to show cortical hypoper-
fusion due to arterial stenosis or occlusion) and detailed cognitive
testing. We did not attempt to distinguish whether deficits in
the absence of cortical hypoperfusion due to arterial stenosis or
occlusion were due to the lesion itself or due to diaschisis.

MATERIALS AND METHODS
PARTICIPANTS
A series of 20 participants with a first acute ischemic stroke, limited
to the thalamus were recruited from the Johns Hopkins Hospi-
tal, Baltimore for this study. All participants were admitted and
received MRI within 24 h of symptom onset. Additional exclu-
sion criteria were as follows: (i) contraindication for MRI (e.g.,
implanted ferrous metal, claustrophobia); (ii) allergy to Gadolin-
ium; (iii) hemorrhage on initial CT or MRI; (iv) impaired arousal
or agitation requiring ongoing sedation; and (v) history of global
intellectual deterioration (e.g., dementia); (vi) uncorrected visual
acuity or hearing acuity. All participants gave informed consent
(if they demonstrated intact comprehension), or their closest
relative or legal representative consented (if they had impaired
comprehension) to the study according to the Human Subjects
Protocol. The study was approved by the Johns Hopkins University
Institution Review Board.

A subset of 10 participants had isolated left thalamic infarct
(infarct limited to the thalamus); (6 men and 4 women) and
10 participants had isolated right thalamic lesions (8 men and
2 women). The age of the participants ranged from 32 to 57 years,
with a mean of 45.3 years (SD= 8.8) for those with isolated left
thalamic lesions and from 35 to 68 years, with a mean of 52.3 years
(SD= 9.8) for those with isolated right thalamic lesions. We were
unable to determine which thalamic nuclei were affected due to the
low spatial resolution of the DWI scans relative to thalamic nuclei.
Therefore, the patients were grouped according to which thalamic
artery was involved: tuberothalamic (polar); paramedian (thala-
moperforator); inferior lateral (thalamogeniculate); and posterior
choroidal (32, 50). MRI scans and testing was obtained after any
acute treatment; two patients received IV tPA.

IMAGING PROTOCOL
MRI scans were obtained within 24 h from admission to the hos-
pital. Participants had T2, fluid attenuation inversion recovery
(FLAIR; to evaluate for old lesions), susceptibility weighted images
(to evaluate for hemorrhage), PWI (to evaluate for areas of hypop-
erfusion), DWI (to evaluate for acute ischemia), MR angiography
(to evaluate for stenosis, occlusion, aneurysm). DWI and PWI

scans were 5 mm in thickness and provided whole-brain coverage.
The total scan time lasted for approximately 30 min.

To measure the volume of infarct for each patient, a threshold
of >30% intensity increase from the unaffected area in the DWI
was applied, and a neurologist (KO), blinded to the behavioral
data, manually modified the boundary of the thresholded area to
remove false-positive and false-negative areas on RoiEditor1 (51).
Ten randomly selected images were used to test intra and inter-
operator reproducibility of this method. The intraclass correlation
coefficient (ICC) was used to evaluate consistency of infarct vol-
umes. Intra- and inter-observer reliability were excellent; the ICC
was 0.98 for both within and across observers.

Areas of hypoperfusion in PWI were determined with TTP
maps, using ImageJ2. TTP maps and DWI were co-registered with
T2, which have better spatial resolution. The presence or absence of
cortical hypoperfusion was identified by a trained technologist and
neurologist blinded to the results of language testing. Regions of
hypoperfusion were delineated by analysis of 20 color TTP maps.
Hypoperfusion was defined as >4 s mean delay in TTP arrival
of contrast across voxels in the region of interest (ROI) relative
to the homologous region in the non-ischemic hemisphere. This
threshold was selected because it corresponds to dysfunctional tis-
sue defined in our previous studies and defined by PET (52, 53).
For both left and right hemisphere stroke patients, we examined
the entire cortex within the territory of the middle cerebral artery
and PCA, as aphasia and neglect have been reported in association
with lesions in each territory. The area of apparent hypoperfusion
was segmented and served as the ROI. A mirror image of that ROI
was drawn on the opposite hemisphere in the homologs region to
compare the mean TTP. White matter hyperintensities were rated
using the Cardiovascular Health Study (CHS) rating scale (rang-
ing from 0 to 9, with 9 being “most extensive”). 0 was considered
“none”; scores of 1–3 were considered “mild”; 3–6 “moderate,” and
7–9 “severe.”

TEST BATTERY
All participants received testing within 48 h from admission to the
hospital. Cognitive testing was completed after MRI scans. Partic-
ipants with left thalamic stroke were administered a set of lexical
tasks with stimuli matched for length (all stimuli), as well as for
frequency and word class (for words). The tasks included (a) oral
naming of black and white pictures [(54); n= 17]; (b) oral nam-
ing of objects with tactile input (n= 17); (c) oral reading of words
(n= 34) and pseudowords (n= 25); and (d) auditory word com-
prehension using word/picture verification tasks (with 17 items,
each presented once with the correct match, once with a seman-
tically related foil, and once with a phonologically related foil).
Please see in Ref. (44) for details.

Patients with right hemisphere stroke were given a battery of
bedside tests to evaluate for hemispatial neglect at various levels
of spatial representation. The tasks included the following:

(a) Perceptual tasks in which 30 circles and 30 circles with gaps
are presented. Ten circles have a gap on the left side; 10 have a

1http://www.MRIstudio.org
2http://rsb.info.nih.gov.proxy1.library.jhu.edu/ij
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gap on the right; and 10 have no gap. The participant is asked
to circle all the complete circles and draw an X over circles
with a gap (55). Two forms of the task were presented: once
with large circles, one with small circles.

(b) Perceptual motor tasks, including: line bisection, clock draw-
ing, and copying the “Ogden scene” (a house, a fence and two
trees).

(c) Oral reading and oral spelling of lists of frequency-matched
and length-matched words and pseudowords. Only errors
restricted to the contralesional (left) half of the word (e.g.,
sand read or spelled as“hand”or“and”) were scored as neglect
errors.

(d) Motor extinction test, in which patients without hemiplegia
were asked to click a golf counter with each hand, as quickly
as possible for 1 min. The clicking rate was tested in three
conditions: (i) each hand independently; (ii) the two hands
simultaneously, with the hands at the subject’s sides; and (iii)
the two hands simultaneously, with arms crossed across the
chest (to distinguish impaired clicking with the left relative to
the right hand versus impaired clicking on the left versus the
right side of the midsagittal plane of the body (28).

Norms were obtained for the language and neglect battery
by administering each battery to 46 volunteer control subjects
who were awaiting surgical repair of unruptured intracerebral
aneurysms or awaiting cardiac bypass surgery. Mean scores for
each subtest ranged from 98.0% (SD= 3.1) correct in oral reading
to 100% (SD= 0) correct in tactile naming. Abnormal perfor-
mance was defined as 89% correct or lower; normal performance
was defined as 90% correct or higher. This cut-off was selected
because 89% was 3 SD below the mean on the subtest with the
lowest mean. No control subject scored below 90% correct on any
subtest of the battery. Participants were considered to have aphasia
or neglect if they scored below 90% correct on any one or more of
the subtests.

DATA ANALYSES
Volume of infarct and hypoperfusion was measured as described
above, without knowledge of language or neglect scores. The
association between aphasia or hemispatial neglect and cortical
hypoperfusion due to arterial stenosis or occlusion was evaluated
by chi-square tests. Correlations between aphasia or neglect scores
and volume of thalamic lesion and volume of hypoperfusion were
evaluated by Spearman’s rank correlation.

RESULTS
Patient characteristics are given in Tables 1 and 2.

APHASIA AND LEFT THALAMIC LESION
Of the10 patients with isolated left thalamic lesions, 5 had apha-
sia (see Table 1 for language scores). Four of the five aphasic
patients had normal cortical perfusion. All patients with aphasia
had fluent speech. Three had isolated naming deficits with nor-
mal comprehension/repetition; all of these had normal cortical
perfusion (Figure 1, top). Another two patients had both nam-
ing impairment and auditory comprehension impairment, and
one of these patients had cortical hypoperfusion due to arterial

Table 1 | Demographic information for left thalamic infarct patients.

ID Age/

sex

Education

(years)

Lesion

volume

(cm3)

Hypoperfusion

volume (cm3)

Naming

% error

Auditory

comprehension

% error

PATIENTS WITH APHASIA

1 57/M 12 4.256 2.6 12a 47a

2 37/M 12 4.091 – 35a 0

3 50/F 12 2.668 – 20a 41a

4 38/M 16 0.420 – 46a 5

5 39/F 12 0.879 – 46a 0

PATIENTS WITHOUT APHASIA

6 32/M 12 1.243 – 0 6

7 51/F 12 0.738 – 3 10

8 41/M 12 0.382 3.71 6 0

9 55/F 12 0.409 – 0 0

10 53/M 16 0.822 – 0 0

aEvidence of aphasia.

Table 2 | Demographic information for right thalamic infarct patients.

ID Age/

sex

Education

(years)

Lesion

volume

(cm3)

Hypoperfusion

volume (cm3)

Copy

scene

% error

Line

bisection

% error

PATIENTS WITH NEGLECT

11 68/M 5 0.418 2.07 78a 12a

12 61/M 12 0.827 6.27 15a 4

PATIENTS WITHOUT NEGLECT

13 35/M 12 0.699 – 0 1.87

14 53/M 12 0.347 – 0 0.4

15 46/F 11 0.215 – 0 2.6

16 43/F 12 0.791 – 0 3.4

17 50/M 10 1.036 – 0 3.82

18 59/M 11 0.600 – 3 2.5

19 48/M 12 1.169 – 3 1.9

20 60/M 7 0.703 – 3 3.6

aEvidence of neglect.

stenosis (Figure 1, bottom). Cortical hypoperfusion was seen in
the MCA and/or PCA territory (e.g., inferior temporal cortex)
in areas reported to be important for language, in all cases with
aphasia.

Five patients with left thalamic lesions did not have aphasia; and
four of these patients had normal cortical perfusion. One patient
with no language deficit had cortical hypoperfusion. The hypoper-
fusion was in the left parietal cortex. Other associated neurological
deficits in patients with left thalamic lesions included right-sided
weakness, numbness, and dysarthria.

There was no association between the presence of left cortical
hypoperfusion and either naming impairment (X 2

= 0.0, p= 1)
or auditory comprehension impairment (X 2

= 1.4, p= 0.24). Fur-
ther, there was no significant correlation between volume of thal-
amic infarct and severity of the naming impairment ( ρ=−0.098;
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FIGURE 1 | Left thalamic infarct with cortical hypoperfusion associated
with cortical hypoperfusion (top) and without cortical hypoperfusion
(bottom). DWI scans are shown on the left, PWI scans are shown on the
right. Scans are in radiological convention (left hemisphere on right). Blue
areas are hypoperfused.

p= 0.79) or severity of comprehension impairment (ρ=−0.084;
p= 0.82).

HEMISPATIAL NEGLECT AND RIGHT THALAMIC LESION
Of the10 patients with exclusively right thalamic lesions, two had
left hemispatial neglect. Both the patients had cortical hypop-
erfusion (Figure 2, top). The area of hypoperfusion included
inferior temporal/fusiform cortex, which has been associated
with hemispatial neglect (56). Eight patients without hemispatial
neglect showed no cortical hypoperfusion (Figure 2, bottom)
(X 2
= 10; p= 0.001). Other associated neurological deficits in

patients with right thalamic lesions included left-sided weakness,
numbness, and dysarthria.

Severity of neglect measured by deviation to the right on line
bisection task correlated with volume of cortical hypoperfusion
(ρ= 0.67; p= 0.02), but did not correlate with volume of thalamic
lesion (ρ=−0.26; p= 0.65).

LESION LOCATION
As is the case for most thalamic strokes (50), the majority of lesions
were in the distribution of the inferior lateral (thalamogeniculate)
artery, which arises from the PCA (Tables 3 and 4). There were too
few patients with white matter intensities (three with left thalamic
lesions, one with right thalamic lesion, mostly mild) to determine
any association with neglect or aphasia (Tables 3 and 4).

FIGURE 2 | Right thalamic infarct with cortical hypoperfusion and
associated neglect (top) and without cortical hypoperfusion and no
associated neglect (bottom). DWI scans are shown on the left, PWI
scans are shown on the right. Scans are in radiological convention (right
hemisphere on left). Blue/darker green areas are hypoperfused.

DISCUSSION
The goal of the present study was to evaluate whether acute
thalamic aphasia or neglect can be caused by cortical hypoper-
fusion due to large vessel stenosis or occlusion. We also wished
to determine the frequency of this mechanism relative to that of
a direct thalamic cause or diaschisis (presumably via disruption
of subcortical–cortical circuits). We were not able to evaluate
diaschisis in this study, using TTP to study perfusion (47). Our
study indicates that cortical hypoperfusion due to large vessel
stenosis or occlusion cannot adequately explain language deficits
in patients with acute left thalamic stroke. On the other hand, cor-
tical hypoperfusion due to arterial stenosis may account for, or at
least contribute substantially to, hemispatial neglect in acute right
thalamic stroke.

Our results from patients with left thalamic lesions are consis-
tent with the findings of several studies showing that the language
deficits that frequently follow isolated thalamic strokes may be
caused by dysfunction of the thalamic-cortical system via diaschi-
sis (36, 40, 57). This proposal assumes that the loss of input from
the thalamus directly causes the cortical dysfunction, which secon-
darily results in mild diffuse hypoperfusion detectable by SPECT
or PET because of spared neurovascular coupling (19). For exam-
ple, in the Radanovic study of five patients with left thalamic stroke,
there was a correspondence between cortical hypoperfusion and
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Table 3 | Lesion characteristics for patients with left thalamic stroke.

ID Large vessel stenosis/occlusion Arterial territory of infarct White matter

changes

Lesion

volume

(mm3)

Hypoperfusion

volume (cm3)

Naming

% error

Auditory

comprehension

% error

PATIENTS WITH APHASIA

1 Left PCA occlusion Inferior lateral (thalamogeniculate) Mild 4.256 2.6 12a 47a

2 No stenosis Inferior lateral (thalamogeniculate) None 4.091 – 35a 0

3 No stenosis Tuberothalamic (polar) None 2.668 – 20a 41a

4 No stenosis Posterior choroidal Mild 0.420 – 46a 5

5 No stenosis Inferior lateral (thalamogeniculate) None 0.879 – 46a 0

PATIENTS WITHOUT APHASIA

6 Left MCA and PCA stenosis Inferior lateral (thalamogeniculate) None 1.243 – 0 6

7 No stenosis Inferior lateral (thalamogeniculate) Mild 0.738 – 3 10

8 Midbasilar and left PCA stenosis Inferior lateral (thalamogeniculate) None 0.382 3.71 6 0

9 No stenosis Inferior lateral (thalamogeniculate) None 0.409 – 0 0

10 No stenosis Posterior choroidal None 0.822 – 0 0

aEvidence of aphasia.

Table 4 | Lesion characteristics for patients with right thalamic stroke.

ID Large vessel stenosis/occlusion Arterial territory of infarct White matter

changes

Lesion

volume

(cm3)

Hypoperfusion

volume (cm3)

Copy

scene

% error

Line

bisection

% error

PATIENTS WITH NEGLECT

11 Severe right PCA stenosis Inferior lateral (thalamogeniculate) None 0.418 2.07 78a 12*

12 Severe right PCA stenosis; right M1 stenosis Inferior lateral (thalamogeniculate) None 0.827 6.27 15a 4

PATIENTS WITHOUT NEGLECT

13 Left vertebral artery dissection Posterior choroidal None 0.699 – 0 1.87

14 No stenosis Inferior lateral (thalamogeniculate) None 0.347 – 0 0.4

15 No stenosis Posterior choroidal None 0.215 – 0 2.6

16 No stenosis Posterior choroidal Mild 0.791 – 0 3.4

17 Congenitally absent right vertebral artery Inferior lateral (thalamogeniculate) None 1.036 – 0 3.82

18 Mild (30–40%) left ICA stenosis Inferior lateral (thalamogeniculate) None 0.600 – 3 2.5

19 Mild right PCA and left MCA stenosis Posterior choroidal None 1.169 – 3 1.9

20 No stenosis Posterior choroidal None 0.703 – 3 3.6

aEvidence of neglect.

the naming impairments (present in three of five patients) and
comprehension impairments (present in four of five patients),
suggesting that the thalamus’s participation in language is made
through its influence on the cortex.

The proposed account of diaschisis does not fully explain the
results in patients with right thalamic lesions. Only 2 out of the 10
patients had hemispatial neglect, and both the patients had cortical
hypoperfusion as seen on PWI TTP maps (>4 s delay). This degree
of delay is not a reflection of decreased metabolic demand, but
caused by large vessel stenosis or occlusion (confirmed by MRA
in these cases). Furthermore, the severity of neglect correlated
with volume of hypoperfusion, not volume of infarct. Because
we had only 10 patients, we cannot conclude that hemispatial
neglect occurs only when there is cortical hypoperfusion caused by
arterial stenosis. In fact, other studies indicate that at least chronic
neglect occurs only when there is disruption of thalamocortical

white matter tracts (42). However, cortical hypoperfusion due to
arterial stenosis or occlusion (that is independent of the thalamic
infarct) does seem to have a significant role in the development of
marked hemispatial neglect in acute stroke. The thalamic lesions
in patients with neglect mainly involved the inferior lateral (thala-
mogeniculate) territory, which supplies the ventroposerior medial
(VPM) and ventroposterior lateral (VPL) nuclei, and only a small
portion of the ventrolateral nucleus (32). As VPM and VPL are
not known to have a role in attention, neglect can in these case can
be explained by cortical hypoperfusion due to plaque in the right
PCA (which also occluded the inferior lateral artery as it branched
off the PCA, which caused the thalamic infarct).

The relatively young age of our stroke participants may also
have influenced the results. The mean age of the participants
with right thalamic stroke in this study was 52.3 years. Gottesman
et al. (58) found that among patients with acute right hemispheric

Frontiers in Neurology | Stroke November 2014 | Volume 5 | Article 231 | 6

http://www.frontiersin.org/Stroke
http://www.frontiersin.org/Stroke/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sebastian et al. Aphasia or neglect after thalamic stroke

stroke, neglect occurs at higher frequency and at increasing sever-
ity in older patients (above 65 years). This age effect is independent
of the size of the stroke and the severity of other presenting clinical
symptoms. Similarly, Ringman et al. (59) found that older patients
experience neglect at higher rates than younger patients. Thus, our
participants had a lower risk of hemispatial neglect due to relatively
young age. Perhaps, only those relatively young stroke patients
with large vessel stenosis and severe cortical hypoperfusion had
neglect; while older patients with thalamic lesions without severe
cortical hypoperfusion (but only cortical diaschisis) would have
neglect. Likewise, increased burden of white matter disease is asso-
ciated with increased severity of neglect (60); but only one patient
with right thalamic stroke had mild white matter disease, perhaps
because of the young age of our population.

Is it plausible that both hypoperfusion due to arterial stenosis
and diaschisis co-exist in some cases. Reperfusion of the cortex is
one way to disentangle these mechanisms. Restoring blood flow
to the cortex eliminates hypoperfusion caused by arterial steno-
sis, but would not affect diaschisis (because the thalamic lesion is
still present). Future studies of thalamic stroke before and after
intervention to restore blood flow to hypoperfused cortex would
be useful.

In summary, the present study indicates that some cases of
neglect after thalamic stroke are at least partially due to cor-
tical hypoperfusion caused by arterial (PCA) stenosis or occlu-
sion. Therefore, hemispatial neglect in the presence of an infarct
restricted to the thalamus should raise the suspicion for pres-
ence of marginally perfused tissue that might recover function if
reperfused, and perhaps the need for perfusion or vessel imaging
and intervention. In contrast, we were not able to identify such a
mechanism in thalamic aphasia. Rather, our results provide addi-
tional evidence that the left thalamus has a direct role in language
processing (at least) by activating cortical areas involving specific
tasks. The small size of our patient group demands further studies
to support these findings. Multimodality imaging, including ves-
sel imaging, diffusion tensor imaging, functional imaging studies,
and measurement of rCBF would further clarify the roles of var-
ious potential mechanisms [including distinct types of diaschisis;
(39)] of underlying thalamic aphasia and neglect.

ACKNOWLEDGMENTS
This research reported in this paper was supported by the National
Institutes of Health (the National Institute on Neurological Dis-
orders and Stroke and the National Institute of Deafness and
Communication Disorders) through awards R01 NS047691, R01
DC05375, and R01 DC03681 (to Argye E. Hillis). The content is
solely the responsibility of the authors and does not necessarily
represent the views of the National Institutes of Health.

REFERENCES
1. Bookheimer SY, Zeffiro TA, Blaxton T, Gaillard W, Theodore W. Regional cere-

bral blood flow during object naming and word reading. Hum Brain Mapp
(1995) 3:93–106. doi:10.1212/01.wnl.0000287115.85956.87

2. Carreiras M, Riba J, Vergara M, Heldmann M, Münte TF. Syllable congru-
ency and word frequency effects on brain activation. Hum Brain Mapp (2009)
30:3079–88. doi:10.1002/hbm.20730

3. Christensen TA, Antonucci SM, Lockwood JL, Kittleson M, Plante E. Cortical
and subcortical contributions to the attentive processing of speech. Neuroreport
(2008) 19:1101–5. doi:10.1097/WNR.0b013e3283060a9d

4. Fiebach CJ, Friederici AD, Müller K, von Cramon DY. fMRI evidence for dual
routes to the mental lexicon in visual word recognition. J Cogn Neurosci (2002)
14:11–23. doi:10.1162/089892902317205285

5. Gauthier CT, Duyme M, Zanca M, Capron C. Sex and performance level effects
on brain activation during a verbal fluency task: a functional magnetic resonance
imaging study. Cortex (2009) 45:164–76. doi:10.1016/j.cortex.2007.09.006

6. Kraut MA, Kremen S, Segal JB, Calhoun V, Moo LR, Hart J. Object activa-
tion from features in the semantic system. J Cogn Neurosci (2002) 14:24–36.
doi:10.1162/089892902317205302

7. Senhorini MCT, Cerqueira CT, Schaufelberger MS, Almeida JC, Amaro E, Sato
JR, et al. Brain activity patterns during phonological verbal fluency performance
with varying levels of difficulty: a functional magnetic resonance imaging study
in Portuguese-speaking healthy individuals. J Clin Exp Neuropsychol (2011)
33:864–73. doi:10.1080/13803395.2011.561299

8. Rosen HJ, Ojemann JG, Ollinger JM, Petersen SE. Comparison of brain acti-
vation during word retrieval done silently and aloud using fMRI. Brain Cogn
(2000) 42:201–17. doi:10.1006/brcg.1999.1100

9. Seghier ML, Price CJ. Reading aloud boosts connectivity through the putamen.
Cereb Cortex (2010) 20:570–82. doi:10.1093/cercor/bhp123

10. Warburton E, Wise RJ, Price CJ, Weiller C, Hadar U, Ramsay S, et al. Noun and
verb retrieval by normal subjects. Studies with PET. Brain (1996) 119:159–79.
doi:10.1093/brain/119.1.159

11. Llano DA. Functional imaging of the thalamus in language. Brain Lang (2013)
126:62–72. doi:10.1016/j.bandl.2012.06.004

12. Cox DE, Heilman KM. Dynamic-intentional thalamic aphasia: a failure
of lexical-semantic self-activation. Neurocase (2011) 17:313–7. doi:10.1080/
13554794.2010.504731

13. Crosson B, Moberg PJ, Boone JR, Rothi LJ, Raymer A. Category-specific naming
deficit for medical terms after dominant thalamic/capsular hemorrhage. Brain
Lang (1997) 60:407–42. doi:10.1006/brln.1997.1899

14. Karussis D, Leker RR, Abramsky O. Cognitive dysfunction following thalamic
stroke: a study of 16 cases and review of the literature. J Neurol Sci (2000)
172:25–9. doi:10.1016/S0022-510X(99)00267-1

15. Kuljic-Obradovic DC. Subcortical aphasia: three different language disor-
der syndromes? Eur J Neurol (2003) 10:445–8. doi:10.1046/j.1468-1331.2003.
00604.x

16. Maeshima S, Osawa A, Ogura J, Sugiyama T, Kurita H, Satoh A, et al. Functional
dissociation between Kana and Kanji: agraphia following a thalamic hemor-
rhage. Neurol Sci (2012) 33:409–13. doi:10.1007/s10072-011-0753-7

17. Perren F, Clarke S, Bogousslavsky J. The syndrome of combined polar and
paramedian thalamic infarction. Arch Neurol (2005) 62:1212–6. doi:10.1001/
archneur.62.8.1212

18. Radanovic M, Azambuja M, Mansur LL, Porto CS, Scaff M. Thalamus and lan-
guage: interface with attention, memory and executive functions. Arq Neurop-
siquiatr (2003) 61:34–42. doi:10.1590/S0004-282X2003000100006

19. Radanovic M, Scaff M. Speech and language disturbances due to
subcortical lesions. Brain Lang (2003) 84:337–52. doi:10.1016/S0093-934X(02)
00554-0

20. Raymer AM, Moberg P, Crosson B, Nadeau S, Gonzalez Rothi LJ. Lexical-
semantic deficits in two patients with dominant thalamic infarction. Neuropsy-
chologia (1997) 35:211–9. doi:10.1016/S0028-3932(96)00069-3

21. Weisman D, Hisama FM, Waxman SG, Blumenfeld H. Going deep to cut the
link: cortical disconnection syndrome caused by a thalamic lesion. Neurology
(2003) 60:1865–6. doi:10.1212/01.WNL.0000066051.14414.FF

22. Perani D, Vallar G, Cappa S, Messa C, Fazio F. Aphasia and neglect after subcor-
tical stroke. Brain (1987) 110(5):1211–29. doi:10.1093/brain/110.5.1211

23. Hebb AO,Ojemann GA. The thalamus and language revisited. Brain Lang (2013)
126:99–108. doi:10.1016/j.bandl.2012.06.010

24. Johnson MD, Ojemann GA. The role of the human thalamus in language
and memory: evidence from electrophysiological studies. Brain Cogn (2000)
42:218–30. doi:10.1006/brcg.1999.1101

25. Ojemann GA, Ward AA. Speech representation in ventrolateral thalamus. Brain
(1971) 94:669–80. doi:10.1093/brain/94.4.669

26. Vilkki J, Laitinen LV. Effects of pulvinotomy and ventrolateral thalamotomy on
some cognitive functions. Neuropsychologia (1976) 14:67–78. doi:10.1016/0028-
3932(76)90008-7

27. Barrett AM, Schwartz RL, Crucian GP, Kim M, Heilman KM. Attentional grasp
in far extrapersonal space after thalamic infarction. Neuropsychologia (2000)
38:778–84. doi:10.1016/S0028-3932(99)00144-X

www.frontiersin.org November 2014 | Volume 5 | Article 231 | 7

http://dx.doi.org/10.1212/01.wnl.0000287115.85956.87
http://dx.doi.org/10.1002/hbm.20730
http://dx.doi.org/10.1097/WNR.0b013e3283060a9d
http://dx.doi.org/10.1162/089892902317205285
http://dx.doi.org/10.1016/j.cortex.2007.09.006
http://dx.doi.org/10.1162/089892902317205302
http://dx.doi.org/10.1080/13803395.2011.561299
http://dx.doi.org/10.1006/brcg.1999.1100
http://dx.doi.org/10.1093/cercor/bhp123
http://dx.doi.org/10.1093/brain/119.1.159
http://dx.doi.org/10.1016/j.bandl.2012.06.004
http://dx.doi.org/10.1080/13554794.2010.504731
http://dx.doi.org/10.1080/13554794.2010.504731
http://dx.doi.org/10.1006/brln.1997.1899
http://dx.doi.org/10.1016/S0022-510X(99)00267-1
http://dx.doi.org/10.1046/j.1468-1331.2003.00604.x
http://dx.doi.org/10.1046/j.1468-1331.2003.00604.x
http://dx.doi.org/10.1007/s10072-011-0753-7
http://dx.doi.org/10.1001/archneur.62.8.1212
http://dx.doi.org/10.1001/archneur.62.8.1212
http://dx.doi.org/10.1590/S0004-282X2003000100006
http://dx.doi.org/10.1016/S0093-934X(02)00554-0
http://dx.doi.org/10.1016/S0093-934X(02)00554-0
http://dx.doi.org/10.1016/S0028-3932(96)00069-3
http://dx.doi.org/10.1212/01.WNL.0000066051.14414.FF
http://dx.doi.org/10.1093/brain/110.5.1211
http://dx.doi.org/10.1016/j.bandl.2012.06.010
http://dx.doi.org/10.1006/brcg.1999.1101
http://dx.doi.org/10.1093/brain/94.4.669
http://dx.doi.org/10.1016/0028-3932(76)90008-7
http://dx.doi.org/10.1016/0028-3932(76)90008-7
http://dx.doi.org/10.1016/S0028-3932(99)00144-X
http://www.frontiersin.org
http://www.frontiersin.org/Stroke/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sebastian et al. Aphasia or neglect after thalamic stroke

28. Hillis AE, Lenz FA, Zirh TA, Dougherty PM, Eckel TS, Jackson K. Hemispatial
somatosensory and motor extinction after stereotactic thalamic lesions. Neuro-
case (1998) 4:21–34. doi:10.1093/neucas/4.1.21

29. Karnath HO, Himmelbach M, Rorden C. The subcortical anatomy of
human spatial neglect: putamen, caudate nucleus and pulvinar. Brain (2002)
125:350–60. doi:10.1093/brain/awf032

30. Ortigue S, Viaud-Delmon I, Annoni J-M, Landis T, Michel C, Blanke O, et al.
Pure representational neglect after right thalamic lesion. Ann Neurol (2001)
50:401–4. doi:10.1002/ana.1139

31. Rafal RD, Posner MI. Deficits in human visual spatial attention following thal-
amic lesions. Proc Natl Acad Sci U S A (1987) 84:7349–53. doi:10.1073/pnas.84.
20.7349

32. Schmahmann JD. Vascular syndromes of the thalamus. Stroke (2003)
34:2264–78. doi:10.1161/01.STR.0000087786.38997.9E

33. Summers MJ. Neuropsychological consequences of right thalamic haemor-
rhage: case study and review. Brain Cogn (2002) 50:129–38. doi:10.1016/S0278-
2626(02)00017-9

34. Van der Werf YD, Scheltens P, Lindeboom J, Witter MP, Uylings HBM, Jolles J.
Deficits of memory, executive functioning and attention following infarction in
the thalamus; a study of 22 cases with localised lesions. Neuropsychologia (2003)
41:1330–44. doi:10.1016/S0028-3932(03)00059-9

35. De Witte L, Brouns R, Kavadias D, Engelborghs S, De Deyn PP, Mariën P. Cogni-
tive, affective and behavioural disturbances following vascular thalamic lesions:
a review. Cortex (2011) 47:273–319. doi:10.1016/j.cortex.2010.09.002

36. Nadeau SE, Crosson B. Subcortical aphasia. Brain Lang (1997) 58:355–402.
doi:10.1006/brln.1997.1810

37. Mohajerani MH, Aminoltejari K, Murphy TH. Targeted mini-strokes produce
changes in interhemispheric sensory signal processing that are indicative of dis-
inhibition within minutes. Proc Natl Acad Sci U S A (2011) 108(22):E183–91.
doi:10.1073/pnas.1101914108

38. von Monakow C. Die Localization im Grosshirn und der Abbau der Funktion
durch korticale Herde. Wiesbaden: JF Bergmann (1914).

39. Carrera E, Tononi G. Diaschisis: past, present, future. Brain (2014)
137(9):2408–22. doi:10.1093/brain/awu101

40. Baron JC, Levasseur M, Mazoyer B, Legault-Demare F, Mauguière F, Pappata
S, et al. Thalamocortical diaschisis: positron emission tomography in humans.
J Neurol Neurosurg Psychiatry (1992) 55:935–42. doi:10.1136/jnnp.55.10.935

41. Baron JC, Rougemont D, Soussaline F, Bustany P, Crouzel C, Bousser MG, et al.
Local interrelationships of cerebral oxygen consumption and glucose utilization
in normal subjects and in ischemic stroke patients: a positron tomography study.
J Cereb Blood Flow Metab (1984) 4(2):140–9. doi:10.1038/jcbfm.1984.22

42. Thiebaut deSchottenM, Tomaiuolo F, Aiello M, Merola S, Silvetti M, Lecce
F, et al. Damage to white matter pathways in subacute and chronic spatial
neglect: a group study and 2 single-case studies with complete virtual “in vivo”
tractography dissection. Cereb Cortex (2014) 24(3):691–706. doi:10.1093/
cercor/bhs351

43. Olsen TS, Bruhn P, Oberg RG. Cortical hypoperfusion as a possible cause of “sub-
cortical aphasia”. Brain (1986) 109(3):393–410. doi:10.1093/brain/109.3.393

44. Hillis AE, Wityk RJ, Barker PB, Beauchamp NJ, Gailloud P, Murphy K, et al. Sub-
cortical aphasia and neglect in acute stroke: the role of cortical hypoperfusion.
Brain (2002) 125(1094–1):1. doi:10.1093/brain/awf113

45. Astrup J, Symon L, Branston NM, Lassen NA. Cortical evoked potential and
extracellular K+ and H+ at critical levels of brain ischemia. Stroke (1977)
8(1):51–7. doi:10.1161/01.STR.8.1.51

46. Campbell BCV, Donnan GA, Davis SM. Vessel occlusion, penumbra, and reper-
fusion – translating theory to practice. Front Neurol (2014) 5:194. doi:10.3389/
fneur.2014.00194

47. Madai VI, Altaner A, Stengl KL, Zaro-Weber O, Heiss WD, von Samson-
Himmelstjerna FC,et al. Crossed cerebellar diaschisis after stroke: can perfusion-
weighted MRI show functional inactivation? J Cereb Blood Flow Metab (2011)
31(6):1493–500. doi:10.1038/jcbfm.2011.15

48. Lin DD, Kleinman JT, Wityk RJ, Gottesman RF, Hillis AE, Lee AW, et al. Crossed
cerebellar diaschisis in acute stroke detected by dynamic susceptibility con-
trast MR perfusion imaging. AJNR Am J Neuroradiol (2009) 30(4):710–5.
doi:10.3174/ajnr.A1435

49. Reineck LA, Agarwal S, Hillis AE. “Diffusion-clinical mismatch” is associ-
ated with potential for early recovery of aphasia. Neurology (2005) 64:828–33.
doi:10.1212/01.WNL.0000152983.52869.51

50. Song Y-M. Topographic patterns of thalamic infarcts in association with stroke
syndromes and aetiologies. J Neurol Neurosurg Psychiatry (2011) 82(10):1083–6.
doi:10.1136/jnnp.2010.239624

51. Leigh R, Oishi K, Hsu J, Lindquist M, Gottesman RF, Jarso S, et al. Acute lesions
that impair affective empathy. Brain (2013) 136(Pt 8):2539–49. doi:10.1093/
brain/awt177

52. Hillis AE, Wityk RJ, Tuffiash E, Beauchamp NJ, Jacobs MA, Barker PB, et al.
Hypoperfusion of Wernicke’s area predicts severity of semantic deficit in acute
stroke. Ann Neurol (2001) 50:561–6. doi:10.1002/ana.1265

53. Sobesky J, Zaro Weber O, Lehnhardt F-G, Hesselmann V, Thiel A, Dohmen C,
et al. Which time-to-peak threshold best identifies penumbral flow? A compar-
ison of perfusion-weighted magnetic resonance imaging and positron emission
tomography in acute ischemic stroke. Stroke (2004) 35:2843–7. doi:10.1161/01.
STR.0000147043.29399.f6

54. Snodgrass JG,Vanderwart M. A standardized set of 260 pictures: norms for name
agreement, image agreement, familiarity, and visual complexity. J Exp Psychol
Hum Learn (1980) 6:174–215. doi:10.1037/0278-7393.6.2.174

55. Ota H, Fujii T, Suzuki K, Fukatsu R, Yamadori A. Dissociation of body-centered
and stimulus-centered representations in unilateral neglect. Neurology (2001)
57:2064–9. doi:10.1212/WNL.57.11.2064

56. de Boissezon X, Démonet J-F, Puel M, Marie N, Raboyeau G, Albucher J-F,
et al. Subcortical aphasia: a longitudinal PET study. Stroke (2005) 36:1467–73.
doi:10.1161/01.STR.0000169947.08972.4f

57. Medina J, Kannan V, Pawlak MA, Kleinman JT, Newhart M, Davis C, et al.
Neural substrates of visuospatial processing in distinct reference frames: evi-
dence from unilateral spatial neglect. J Cogn Neurosci (2009) 21(11):2073–84.
doi:10.1162/jocn.2008.21160

58. Gottesman RF, Kleinman JT, Davis C, Heidler-Gary J, Newhart M, Kannan
V, et al. Unilateral neglect is more severe and common in older patients with
right hemispheric stroke. Neurology (2008) 71:1439–44. doi:10.1212/01.wnl.
0000327888.48230.d2

59. Ringman JM, Saver JL, Woolson RF, Clarke WR, Adams HP. Frequency, risk
factors, anatomy, and course of unilateral neglect in an acute stroke cohort.
Neurology (2004) 63:468–74. doi:10.1212/01.WNL.0000133011.10689.CE

60. Bahrainwala ZS, Hillis AE, Dearborn J, Gottesman RF. Neglect performance in
acute stroke is related to severity of white matter hyperintensities. Cerebrovasc
Dis (2014) 37(3):223–30. doi:10.1159/000357661

Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Received: 22 July 2014; accepted: 26 October 2014; published online: 19 November
2014.
Citation: Sebastian R, Schein MG, Davis C, Gomez Y, Newhart M, Oishi K and Hillis
AE (2014) Aphasia or neglect after thalamic stroke: the various ways they may be related
to cortical hypoperfusion. Front. Neurol. 5:231. doi: 10.3389/fneur.2014.00231
This article was submitted to Stroke, a section of the journal Frontiers in Neurology.
Copyright © 2014 Sebastian, Schein, Davis, Gomez, Newhart , Oishi and Hillis. This is
an open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) or licensor are credited and that the original publica-
tion in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Neurology | Stroke November 2014 | Volume 5 | Article 231 | 8

http://dx.doi.org/10.1093/neucas/4.1.21
http://dx.doi.org/10.1093/brain/awf032
http://dx.doi.org/10.1002/ana.1139
http://dx.doi.org/10.1073/pnas.84.20.7349
http://dx.doi.org/10.1073/pnas.84.20.7349
http://dx.doi.org/10.1161/01.STR.0000087786.38997.9E
http://dx.doi.org/10.1016/S0278-2626(02)00017-9
http://dx.doi.org/10.1016/S0278-2626(02)00017-9
http://dx.doi.org/10.1016/S0028-3932(03)00059-9
http://dx.doi.org/10.1016/j.cortex.2010.09.002
http://dx.doi.org/10.1006/brln.1997.1810
http://dx.doi.org/10.1073/pnas.1101914108
http://dx.doi.org/10.1093/brain/awu101
http://dx.doi.org/10.1136/jnnp.55.10.935
http://dx.doi.org/10.1038/jcbfm.1984.22
http://dx.doi.org/10.1093/cercor/bhs351
http://dx.doi.org/10.1093/cercor/bhs351
http://dx.doi.org/10.1093/brain/109.3.393
http://dx.doi.org/10.1093/brain/awf113
http://dx.doi.org/10.1161/01.STR.8.1.51
http://dx.doi.org/10.3389/fneur.2014.00194
http://dx.doi.org/10.3389/fneur.2014.00194
http://dx.doi.org/10.1038/jcbfm.2011.15
http://dx.doi.org/10.3174/ajnr.A1435
http://dx.doi.org/10.1212/01.WNL.0000152983.52869.51
http://dx.doi.org/10.1136/jnnp.2010.239624
http://dx.doi.org/10.1093/brain/awt177
http://dx.doi.org/10.1093/brain/awt177
http://dx.doi.org/10.1002/ana.1265
http://dx.doi.org/10.1161/01.STR.0000147043.29399.f6
http://dx.doi.org/10.1161/01.STR.0000147043.29399.f6
http://dx.doi.org/10.1037/0278-7393.6.2.174
http://dx.doi.org/10.1212/WNL.57.11.2064
http://dx.doi.org/10.1161/01.STR.0000169947.08972.4f
http://dx.doi.org/10.1162/jocn.2008.21160
http://dx.doi.org/10.1212/01.wnl.0000327888.48230.d2
http://dx.doi.org/10.1212/01.wnl.0000327888.48230.d2
http://dx.doi.org/10.1212/01.WNL.0000133011.10689.CE
http://dx.doi.org/10.1159/000357661
http://dx.doi.org/10.3389/fneur.2014.00231
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Stroke
http://www.frontiersin.org/Stroke/archive

	Aphasia or neglect after thalamic stroke: the various ways they may be related to cortical hypoperfusion
	Introduction
	Materials and methods
	Participants
	Imaging protocol
	Test battery
	Data analyses

	Results
	Aphasia and left thalamic lesion
	Hemispatial neglect and right thalamic lesion
	Lesion location

	Discussion
	Acknowledgments
	References


